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NEW MULTIWAVELENGTH VARIABILITY AND OPTICAL

MICROVARIABILITY INVESTIGATIONS OF X-RAY AND RADIO

SELECTED BLAZARS

by

M. ANGELA OSTERMAN

Under the Direction of H. Richard Miller

ABSTRACT

The extreme AGN known as blazars can be classified based on their spectral properties

into X-ray and radio selected objects, known as XBLs and RBLs, respectively. In this

work, the results of new multiwavelength campaigns are presented for two XBLs and two

RBLs. Each campaign contains simultaneous observations in the radio, optical, and X-ray

regimes. A campaign on a third RBL was completed using near-simultaneous archival radio,

optical/IR, and γ-ray data. The simultaneous multiwavelength behavior exhibited in each

campaign was analyzed by examining the multiwavelength variability and using spectral

analysis. Observations of prominent optical microvariability were quantitatively analyzed.

Previously published results for other blazars were compared to the new and archival results.

Many interesting results emerged from these investigations. PG 1553+11, a radio-weak

blazar, was found to be an extreme XBL. During three campaigns performed for the XBL

PKS 2155–304, different variability behavior was observed each time. In a high flux state, the

X-ray behavior was strongly correlated with the optical behavior. In a weak state, the X-ray

and optical behaviors were not correlated. In an intermediate state, the X-ray behavior was

somewhat correlated with the optical behavior. CTA 102, an RBL, exhibited some of the

most extreme optical microvariability ever observed, including a brightening of about 0.07



magnitudes in less than 15 minutes. Surprisingly, the optical spectra of RBLs CTA 102,

PKS 1622–297, and 3C 345 were found to become redder when in a brighter flux state.

The RBLs all exhibited large amplitude optical microvariability. The campaigns on

PG 1553+11, CTA 102, and PKS 1622–297 were the first simultaneous multiwavelength

campaigns performed for these objects. For objects in which the results of at least two

campaigns were available, including PKS 2155–304, correlations that appeared to be present

at one epoch seemed to vanish at other times. The SSC model represented many of the

observations well. Color studies of the selected BL Lac objects found them to be bluer

when brighter, while the selected FSRQs were found to be redder when brighter. These

results provide strong motivation for future multiwavelength campaigns that provide broader

wavelength and more extensive temporal coverage.

Index Words: Astronomy, Blazar, Active Galaxy, Multiwavelength Variability, Optical Mi-
crovariability
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Introduction

Blazars are the most extraordinary members of the extreme class of objects known as Active

Galactic Nuclei (AGN). Their most unique feature is a relativistic jet of material pointed

near the observer’s line of sight. Though they have been studied for several decades now,

the mechanism by which the material in these jets is accelerated remains a mystery. In this

dissertation, new simultaneous multiwavelength campaigns are presented on four blazars.

A campaign on a fifth blazar was performed using archival data. These blazars each ex-

hibit different variability and broadband spectral characteristics, but the results from each

campaign shed more light on the question of how all blazars work.

1.1 Active Galactic Nuclei

There are many characteristics which distinguish AGN from regular galaxies. The nuclear

region alone is very bright, in many AGN the nucleus has a greater luminosity than that of an

entire normal galaxy. The light from the nucleus does not follow a Planck curve as starlight

does, indicating a non-thermal origin. Many AGN are observed to have an Ultraviolet (UV)

excess, and are believed to contain a Supermassive Black Hole (SMBH) of at least 106 solar

masses at their centers (Urry & Padovani 1995; Peterson 1997). Their brightness varies

aperiodically on all observed timescales. Observed emission lines indicate sizable redshifts

in many objects, 0.01 and higher for some objects.

In order to better classify this broad range of objects first divide them into two basic

categories: radio loud and radio quiet. A radio quiet AGN still emits significant radio

emission, just much less than a radio loud AGN (see Figure 1.1 for a spectral comparison).
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Figure 1.1: Examples of SEDs of radio loud and radio quiet AGN (Elvis et al. 1994).

In fact, many AGN still most commonly bear the names of the radio survey in which they

were first detected, e.g. Third Cambridge Radio Catalog at 178 MHz (3C) and Parkes

Catalog (PKS). Radio loud AGN distinguish themselves by emitting approximately 100× the

power of radio quiet AGN at radio wavelengths. Many of these objects are also distinguished

by the presence of jets of relativistic material emerging from their nuclei (Urry & Padovani

1995).

A major breakthrough in the understanding of AGN came with the unified model of AGN,

discussed in detail in Urry & Padovani (1995). In this model, all AGN have the same basic

components (see Figure 1.2). In the center lies the central engine, most likely an SMBH.

Immediatlely surrounding the SMBH is the accretion disk, which emits thermal radiation.

Encircling the central region are clouds of gas known as the Broad Line Region (BLR).

Broad optical emission lines are observed from this region because of the high velocities of
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Figure 1.2: Diagram of an AGN (Urry & Padovani 1995).

gas clouds located here. A thick torus of dust surrounds the central region and BLR. The

dust torus is coplanar with the accretion disk. Further from the center is a region of emission

scattering material, probably electrons, displayed as black spots. Farthest from the nucleus

are the clouds of the Narrow Line Region (NLR), emitting narrow permitted emission lines.

The clouds of this region also emit narrow “forbidden” emission lines. Lastly, two jets (only

one is pictured) emerge from opposite sides of the central engine of radio loud AGN, while

either the jet is suppressed or not present in radio quiet AGN. Since the objects studied

in this dissertation are all radio loud AGN, the radio quiet subclass will not be discussed

further.
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Figure 1.3: Very Large Array (VLA) image of FR I radio galaxy 3C 296 (Leahy & Perley
1991).

As indicated in Figure 1.2, the angle at which an AGN is viewed determines the observed

properties of the AGN, and hence to which subclass it belongs (Urry & Padovani 1995). If

the angle between the jet and the observer’s line of sight is large, then the dust torus will

be viewed edge on and the BLR will be blocked from view. Only narrow permitted emission

lines will be oberved, and both jets can clearly be seen. This class is known as Narrow

Line Radio Galaxy (NLRG), and contains Fanaroff-Riley Type I (FR I) (such as 3C 296, see

Figure 1.3) and Fanaroff-Riley Type II (FR II) radio galaxies. FR II galaxies are known for

two extremely bright lobes of material often found hundreds of kiloparsecs from the nucleus,

and are more luminous than FR I galaxies (Fanaroff & Riley 1974). As the angle between

the jet and the observer decreases, the BLR comes into view, making the observed objects

Broad Line Radio Galaxy (BLRG) (Urry & Padovani 1995). Objects known as radio loud
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Figure 1.4: Knots of relativistic jet material observed in 3C 371 (Pesce et al. 2001).

Quasi Stellar Object (QSO)s or quasars are observed at simliar viewing angles as those of

BLRGs. QSOs are the radio weaker of the two classes of quasars (Urry & Padovani 1995).

Recent observations suggest that QSOs may be further split into Type 1 and Type 2 QSOs,

corresponding to BLRG and NLRG viewing angles, respectively. Although many Type 1

objects have been observed, only recently have observers been able to see powerful Type 2

objects (Mart́ınez-Sansigre et al. 2006).

Objects for which the angle between the jet and the observer’s line of sight is small are

known as blazars. It is this class which will be the focus of this dissertation.
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Figure 1.5: Optical Rc-band microvariability exhibited by BL Lac on 8 August 1997 (Tosti
et al. 1999).

1.2 Blazars

In the case of blazars, the jets of high-energy, relativistic material are observed as knots of

material moving away from the core. These knots often exhibit apparent superluminal mo-

tion. Blazars have been known to exhibit extremely high brightness temperatures1, typically

1011−12 K and higher, indicating the presence of strong magnetic fields associated with very

rapidly moving charged material (Peterson 1997).

Blazars distinguish themselves from other types of radio loud AGN in several ways (Urry

& Padovani 1995). Their morphologies are very core-dominated at all observed wavelengths.

Optically, they are stellar in appearance. Diffuse lobes can appear in high-resolution and

high dynamic range radio and X-ray images, as shown in Figure 1.4. Their optical continua

1The brightness temperature of a source equals the temperature the source would have if it were radiating
as a perfect black body (Peterson 1997).
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are markedly steep and frequently devoid of emission lines. When present, lines of Ly-α

and C IV frequently allow calculation of redshifts (Ulrich et al. 1997). Blazars are the most

variable AGN. Their fluxes vary on timescales of minutes to years at all observed wavelengths

(R-band examples are shown in Figures 1.5 and 1.6). They exhibit strong (up to ∼20%)

polarization, and their polarization varies over time. Some blazars have been observed at

energies in the TeV regime. These are typically nearby blazars, with z ≤ 0.1. The TeV

emission of high redshift blazars (i.e. z ∼ 0.2 and higher) is absorbed by pair production of

TeV γ-rays with the extragalactic background light (Aharonian et al. 2004).

The Spectral Energy Distribution (SED) of blazars is distinguished by two peaks: one

in the radio to UV/soft X-ray regime and the other in the hard X-ray/γ-ray regime. The

spectrum in the radio to UV range is generally agreed to arise from synchrotron emission

from relativistic electrons spiralling around the jet’s magnetic field lines (Ulrich et al. 1997).

The higher energy spectrum is thought to come from Inverse Compton (IC) emission, where

lower energy photons are upscattered to higher energies by high energy electrons (Ulrich et al.

1997). The IC process accounts for the X-ray emission in some blazars, and can produce

photons as high as the TeV regime in some blazars.

1.2.1 Optical Microvariability

Blazars exhibit the most extreme variability observed for any class of AGN. Optical mi-

crovariability has been detected on time scales as short as minutes to hours, with similar

variations observed at all wavelengths except radio (Miller & Noble 1996). The earliest mi-

crovariability results were from BL Lac, one of the most frequently studied blazars (Miller

et al. 1989). Observations of close correlations between flares observed in different wavebands

strongly indicated that these variations are intrinsic to the blazars themselves (Wagner &

Witzel 1995). Possible extrinsic explanations, such as interstellar scintillation and gravita-

tional microlensing, do not match the observations.
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Figure 1.6: The long-term optical R-band light-curve of 3C 279 observed from Foggy Bottom
Observatory.

The short timescales involved suggest that the varying region must be very compact,

according to simple light travel time arguments. An intuitive suggestion for the emitting

region would then be the central accretion disk. Current research suggests that, while the

accretion disk could play a role in blazar variability, the timescales involved are much longer

than a day for SMBH masses of 108 solar masses or more (Wiita 2006). Shocks within the

jet may also play a significant role. The jet emission of blazars is assumed to be Doppler

boosted by a factor of D = [Γ(1 − β cos θ)]−1, where θ is the angle between the jet and

the observer’s line of sight, β is the velocity of the jet material divided by the speed of

light, and Γ is the Lorentz factor (1 − β2)−1/2 of the jet (Urry & Padovani 1995). Doppler

boosting factors of about 200 could account for the highest observed brightness temperatures

(Wagner & Witzel 1995). Such factors could be reached by accelerating shock fronts within

the jet, but shocks may not be stable enough to travel within the turbulent flow of the jet
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(Wagner & Witzel 1995). However, the constraints on the Doppler factor may be relaxed

by variations induced by geometrical effects, such as light-echoes (Wagner & Witzel 1995).

While a complete explanation remains elusive, the most likely explanation involves causes

intrinsic to blazars.

1.2.2 Blazar Subclasses

The category of blazars historically has been split into two classes; BL Lac objects and objects

known as Optically Violent Variable (OVV)s or Flat Spectrum Radio Quasars (FSRQ)s. BL

Lac objects are distinguished by an absence of spectral lines, while OVVs exhibit broad

emission lines (Urry & Padovani 1995). However, as more and more observations were

gathered, it appears that this distinction is not always true. During bright flux phases in

OVVs, the continuum can overwhelm previously observed emission lines. While BL Lacs

don’t often exhibit emission lines, weak lines have been observed in some objects, thereby

allowing their redshifts to be determined. BL Lac objects are usually of modest redshift,

while OVVs have z ≥ 0.5. Similar apparent magnitudes are observed for both of these object

classes, meaning that OVVs must be the intrinsically brighter of the two.

It was once thought that OVVs and FSRQs were inherently different, but increasing

observational evidence indicates that they are essentially the same (Urry & Padovani 1995).

The names themselves indicate commonly observed properties. OVVs exhibit particularly

high amplitude optical flux variations over all observed timescales. FSRQ radio spectra fol-

low a power law of the type Fν ∝ ν−α where α is between 0.0 and 0.5 (Urry & Padovani

1995). Core dominated quasars (CDQs) and high-polarization quasars (HPQs) are some-

times included in the blazar class (Urry & Padovani 1995). All of these classifications still

commonly appear in the refereed literature. For simplicity, only the term FSRQ will be used

for the remainder of this dissertation.
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Figure 1.7: Observational samples of an XBL and an RBL (Ulrich et al. 1997).

1.3 X-ray and Radio Selected Blazars

The classification of AGN via the unified model and observational properties discussed in

Section 1.1 provides a sound basis for the introduction to blazars given in Section 1.2. The

SEDs of all blazars are characterized by two peaks, one due to synchrotron emission and one

due to IC emission. For an X-ray Selected Blazar (XBL), the synchrotron peak occurs in the

far UV/soft X-ray regime (Urry & Padovani 1995; Ulrich et al. 1997). For a Radio Selected

Blazar (RBL), the synchrotron peak occurs in the Infrared (IR) regime (Urry & Padovani

1995; Ulrich et al. 1997). Figure 1.7 gives an example of each type.

The properties of XBLs differ significantly from the properties of RBLs. As indicated

in Figure 1.8, a High-frequency-peaked BL Lac object (HBL) can also be described as an
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Figure 1.8: General structure of the SEDs of X-ray and radio selected blazars (Ulrich et al.
1997).

XBL, while a Low-frequency-peaked BL Lac object (LBL) falls into the RBL range (Urry

& Padovani 1995). However, the spectral properties of all FSRQs consistently fall within

the RBL class (Urry & Padovani 1995; Sambruna et al. 1996; Donato et al. 2005). Since

XBLs are brighter at X-ray than radio wavelengths, they were primarily discovered in X-

ray surveys. The opposite holds true for RBLs (Sambruna et al. 1996). XBLs typically

have a higher fraction of starlight present (Urry & Padovani 1995), a flatter SED from

radio to X-ray wavelengths (Sambruna et al. 1996), and steeper X-ray continua (Donato

et al. 2005). RBLs typically have higher polarization, higher amplitude variability, and have

more core-dominated fluxes (Urry & Padovani 1995). The line separating LBLs and FSRQs

has traditionally been drawn by the equivalent widths of observed optical emission lines.
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Figure 1.9: Monochromatic X-ray (1 keV) vs. radio (5 GHz) luminosities (Donato et al.
2005). Circle = HBLs, square = LBLs, asterisk = FSRQs. Linear correlations are plotted
for XBLs (solid line) and RBLs (dashed line).

However, as the variability of each source affects the emission line equivalent widths, this

distinction is weak for many sources (Donato et al. 2005).

Originally, the distinction between RBLs and XBLs relied heavily on the observed X-ray

and radio fluxes. This distinction, however, becomes blurred when examining the intrinsic

luminosities of objects in each class (Donato et al. 2005) (see Figure 1.9). Studies by Sam-

bruna et al. (1996) demonstrated that the ratios of radio, optical, and X-ray fluxes more

uniquely identified X-ray vs. radio selected blazars. Rector et al. (2003) presented a quan-

titative dividing line between the two classes; the log of the ratio of the X-ray and radio

fluxes. This point will be discussed further in Chapter 3.
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Figure 1.10: The structure of the SSC model of IC emission in blazars (Marscher & Travis
1996).

As of yet, there is not a single unifying model for these two classes of blazars. Because

the observed spectral differences cannot be accounted for simply by differences in viewing

angle, there must be differences in intrinsic properties (Sambruna et al. 1996). The transition

in properties from HBL to LBL to FSRQ could be accounted for by decreasing magnetic

field densities and/or decreasing electron densities (Sambruna et al. 1996). The energy

density of photons external to the jet may also play a role, particularly in FSRQs, but it

is difficult to estimate such a factor (Sambruna et al. 1996). For further progress to be

made in understanding RBLs and XBLs, more simultaneous multiwavelength campaigns are

required.
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1.4 Basics of Blazar Emission Models

The emission from blazars is thought to arise from a relativistic jet which is oriented near the

observer’s line-of-sight. The X-ray-γ-ray emission is most likely explained as IC scattering

of photons by relativistic electrons in the jet (Marscher & Gear 1985). A major unsolved

puzzle of blazars is what supplies the “seed photons” which are upscattered to produce the

IC emission. The X-ray variability of blazars is observed to be of larger amplitude than

that observed at longer wavelengths, implying that the source of the X-rays is located closer

to the central engine. Major flares in the infrared-optical-UV synchrotron component have

been modeled as shocks propagating down the jet (e.g., Marscher & Gear 1985). Attempts

have been made to extend these models to flares observed in the high energy IC emission,

but with only limited success. In order to fully understand blazars, we must understand the

physics of the region near the central engine, since this is where jet particles are collimated

and accelerated to relativistic speeds.

In Synchrotron Self-Compton (SSC) models, the IC photons are synchrotron photons

which have been upscattered to high energies (Marscher & Travis 1996). Figure 1.10 fea-

tures a shock propogating outward from the central engine through the relativistic jet and

producing synchrotron photons. These photons then interact with electrons at the front of

the shock and get upscattered to produce IC emission. Moving outward from the central

engine, the synchrotron radiation will decrease in energy, emitting longer wavelength radia-

tion along the way. If the blazar’s X-ray emission is due to the IC process, as is commonly

believed to be the case in RBLs, then the radio emission (produced at the shock front) and

the X-ray emission (produced just past the shock front) should vary nearly simultaneously.

Also, UV through IR variations should lead the X-ray and radio variations, with shorter

wavelengths leading longer wavelengths. If the blazar’s X-ray emission is due to synchrotron

radiation, as is probably the case in XBLs, then the IC emission produced after the shock



15

Table 1.1: Objects Studied

Object Type RA Dec Type z Campaign

PKS 1156+295 RBL 11 59 31.9 +29 14 43.8 FSRQ 0.729 Archival

PG 1553+11 XBL 15 55 43.1 +11 11 24.4 BLL 0.36 New

PKS 1622–297 RBL 16 26 06.0 –29 51 27.0 FSRQ 0.815 New

PKS 2155–304 XBL 21 58 52.1 –30 13 32.1 BLL 0.116 New

CTA 102 RBL 22 32 36.4 +11 43 50.9 FSRQ 1.037 New

front will be in the γ-ray regime. In this scenario, the γ-ray flux should vary nearly simul-

taneous with radio. The X-ray emission will lead the UV, optical, and IR emission, again

with shorter wavelength flux variations leading those at longer wavelengths.

In External Radiation Compton (ERC) models, the source of IC photons is something

other than the jet, for example the central accretion disk or the BLR (Hartman et al. 1996).

In these models, short wavelength IC flux variations lag flux variations at optical and radio

wavelengths (Ghisellini & Madau 1996).

Recent models of blazars address two primary questions: (1) the source of the IC photons

and (2) the general properties of the jet. Each model features a set of predictions regarding

the order of flaring activities in various wavebands. Simultaneous multiwavelength campaigns

are the best way to test these predictions. Only in simultaneous campaigns can one study

correlated flares in different wavebands.

1.5 Synopsis of Thesis

Previous multiwavelength campaigns have primarily focused on only the brightest blazars

due to sensitivity limits. However, with the advent of X-ray satellite observatories and

expanded collaborations between ground-based radio and optical observatories, simultaneous

multiwavelength campaigns are possible for a more diverse sample of blazars. Table 1.1
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displays the objects studied in this work, including new campaigns on four objects and an

archival campaign on a fifth object. Also included are bright blazars which have been the

targets of many previous campaigns, the published results of which can be compared with

the new campaigns.

Chapter 2 discusses the sources of data for each campaign, as well as how the data were

reduced and processed. The following chapter discusses the analytical methods used to study

quantitatively the observed results. Chapter 4 and Chapter 5 discuss in detail the new and

archival campaigns, analyses of the observed multiwavelength and optical microvariability

behavior, and comparisons between new and previously published results for XBLs and

RBLs, respectively. Comparisons of XBLs with RBLs and conclusions are given in Chapter 6.
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Data Acquisition, Reduction, and Processing

The data presented in this dissertation were collected over a wide variety of timescales and

from several observing facilities. For the multiwavelength campaigns, data were gathered

from at least three wavelengths: radio, optical, and X-ray or γ-ray. Typically, observations

were taken at the rate of a few to several dozen per day at each frequency for a period

of a few weeks. For the microvariability analyses, data were gathered only in the optical

regime, primarily from the R-band. Observations were obtained with as high time resolution

as possible, at a rate of about one exposure per minute in the best of cases. Even though

constraints such as weather, equipment, and/or software issues often prevented collecting the

maximum possible number of high signal-to-noise data points, binning the data still allowed

excellent results to emerge from both types of campaigns. In this chapter, the data reduction

and the processing procedures will be discussed.

2.1 Radio Data

Most of the radio data presented in this dissertation were taken at the University of Michi-

gan’s Radio Astronomy Observatory (UMRAO). The University of Michigan radio data were

obtained using a 26m prime focus paraboloid equipped with transistor-based radiometers

operating at central frequencies of 4.8, 8.0 and 14.5 GHz and room-temperature wide-band

High Electron Mobility Pseudomorphic Transistor (HEMPT) amplifiers (with a bandwidth

of ∼10% of the observing frequency). Measurements at all three frequencies utilized rotat-

ing, dual-horn polarimeter feed systems which permitted both total flux density and linear

polarization to be measured. An on–off observing technique was used at 4.8 GHz, and an
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on–on technique at the other two frequencies (alternating between the source and the sky).

A typical observation consisted of 8 to 16 individual measurements over a 25 to 45 minute

period (depending on frequency and source strength). A source selected from a grid of cali-

brators was observed every 1 to 2 hours. The flux scale was set by observations of Cassiopeia

A. Details of the calibration and analysis technique are given in Aller et al. (1985).

The 37 GHz data on PG 1553+11 were obtained with the 13.7m diameter dome-enclosed

antenna of the Metsähovi Radio Observatory in Finland. The 37 GHz receiver is a dual horn,

Dicke-switched receiver with a High Electron Mobility Transistor (HEMT) preamplifier and

it is operated at room temperature. The observations are on–on observations, alternating

between the source and the sky in each feed horn. A typical integration time to obtain one

flux density data point is 1200–1600 seconds. The signal-to-noise ratio of the data depends

on the weather conditions but the general sensitivity is dome-limited so that the detection

limit under optimal weather conditions is ∼0.2 Jy. The data points with S/N < 4 are

handled as non-detections. DR21 is used as a primary flux calibrator, and 3C 84 and 3C

274 as secondary calibrators. The error bars in the data include the contributions from the

measurement rms and the uncertainty of the absolute calibration. For more details about

the Metsähovi observing system and data reduction see Teraesranta et al. (1998).

2.2 Optical Data

The multifrequency campaigns contain optical data taken from Lowell Observatory located

in Flagstaff, AZ and from the Small and Moderate Aperture Research Telescope System

(SMARTS) telescopes at Cerro Tololo Inter-American Observatory (CTIO) near La Serena,

Chile. Details of the Lowell Observatory and SMARTS telescopes are given in Table 2.1.

All Lowell Observatory observations were taken, reduced, and processed by the Program

in Extragalactic Astronomy (PEGA) group at Georgia State University (∼20–30% of the

observations were performed by the author). All SMARTS observations were taken via a



19

queue observing program, where staff observers at CTIO recorded the observations. The

PEGA group then electronically retrieved the data for reduction and processing. For the

PKS 2155–304 campaign, intensive observations were taken at the 0.9m telescope at CTIO.

In many cases, the Charge-coupled Device (CCD) in use was 2×2 binned in order to reduce

the readout time of the CCD. This was not a problem as long as the binned platescale was

less than about 1 arcsec per pixel. The same reduction and photometry procedures were

used for all Lowell Observatory and SMARTS observations.

The optical observations from Lowell Observatory and the SMARTS program were pri-

marily obtained through Johnson BVRI filters. Observations from the CTIO 0.9m telescope

were obtained through Johnson BV and Cousins RcIc filters. Bias/zero, dark (where appli-

cable), and flat calibration frames were taken along with the blazar object frames. Optical

finder’s charts for each object’s field of view are displayed at the beginning of Chapters 4 and

5. All of these finder’s charts are oriented such that the top of the page points North and

the left side of the page points East. All data reduction utilized standard National Optical

Astronomy Observatory (NOAO) Image Reduction and Analysis Facility (IRAF)1 routines

including ccdproc, flatcombine, and zerocombine. Much of the data were reduced using a

pipeline written by John McFarland which combines IRAF routines into one program which

will take in raw data and return fully calibrated frames (McFarland 2005).

All data processing, consisting of 7 or 12 arcsec aperture photometry, was done using the

ccdphot routine, written by Marc Buie, in Interactive Data Language (IDL). This routine

uses synthetic apertures designated by the user for point sources and a pair of concentric

annuli around the point sources to perform relative, or differential photometry on each

blazar and its comparison stars. The user creates a template within the routine designating

the blazar and its comparison stars to automate the photometry process. Since ccdphot

1IRAF is distributed by the NOAO, which is operated by the Association of the Universities for Research
in Astronomy, Inc., under cooperative agreement with the National Science Foundation (NSF).
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Table 2.1: Lowell Observatory and SMARTS Detector

Information

Telescope CCD Chip Size

(pixels)

Lowell Hall 1.1m/Perkins 1.8m USNO 800×800

SITe 2048×2048

LORAL 2048×2048

CTIO 0.9m SITe 2048×2046

CTIO 1.3m FAIRCHILD 447 2048×2048

Lowell Perkins 1.8m PRISM 2048×2048

uses relative photometry, photometric observing conditions are not required. Each blazar’s

photometry is based on calibration stars located within a small field of view around the

blazar, typically a few arcminutes in radius, so sky conditions and airmass do not significantly

influence the photometry results.

The ccdphot routine outputs a log file containing each frame’s Julian Date, and esti-

mated instrumental magnitudes, with uncertainties, of the blazar and its comparison stars.

Rather than use these estimated magnitudes, PEGA utilizes scripts presented and discussed

in McFarland (2005) to extract differential magnitude information, and then uses that to

calculate apparent magnitudes based on the known magnitudes of the calibration stars. The

pegasort script extracts and reorganizes the pertinent output data into a file easily plotted

by, for example, gnuplot. The pegaplot script takes this file and plots the differential mag-

nitudes of the blazar with respect to the two most stable comparison stars, as determined by

the standard deviation of their differences in magnitude. The pegacalib script takes in the

output file from pegasort and a specially formatted text file containing the comparison star

magnitudes, and outputs to a new file the apparent magnitudes of the blazar. The errors

calculated for the apparent magnitudes take into account the errors in the calibrated check
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stars and the observed spread in the check star differences in each frame. The photon statis-

tics (1/
√
Nphotons) of the dimmest object used in the calibration set the minimum error for

the apparent magnitudes. The comparison, or check, star magnitudes (with uncertainties)

are given in Table 2.2.

2.2.1 Additional Optical Telescopes

For the PG 1553+11 campaign, some data were obtained from collaborators at Abastumani

and Braeside Observatories. The Abastumani Observatory observations were processed us-

ing the same check stars as the Lowell data. The frames were obtained using the Peltier

cooled ST-6 CCD Camera attached to the Newtonian focus of the 70-cm meniscus telescope

(Kurtanidze & Nikolashvili 2002; Kurtanidze et al. 2004). All observations were performed

using combined filters of glasses which match the standard B (Johnson) and Rc (Cousins)

bands. The CCD frames were reduced using DaophotII (Stetson 1987). The Abastumani

data were subsequently averaged into 4 point data bins in order to reduce the scatter in the

data and more clearly display any trends in the data.

Observations were taken at the Braeside Observatory 0.4m reflector during only two

nights of the campaign, but with very intensive coverage in order to observe any optical

microvariability behavior present on those nights. This telescope used a CCD camera with

a Thompson CCD with a chip size of 512×512 pixels. All observations were taken through a

Johnson R filter. The 2003 April 26 observations used 70 second integration times, and the

April 28 observations used 120 second integrations. These data were also binned to reduce

the statistical error and more clearly identify trends. The 2003 April 26 data were averaged

into 5-point bins while the April 28 data were averaged into 4-point bins.

For the 2005 CTA 102 campaign, some data were obtained from the Foggy Bottom

Observatory at Colgate University in Hamilton, NY. These obervations were collected using

the Ferson 16-inch reflecting telescope and Photometrics PM3000 CCD camera and a Johnson
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Table 2.2: Check Stars for Selected Blazars

Object Check B mag V mag R mag I mag

PKS 1156+295 a 1 14.01(0.06) 13.39(0.05) 13.01(0.02)

2 16.01(0.06) 15.38(0.05) 15.00(0.02)

3 16.44(0.04) 15.91(0.04) 15.54(0.02)

4 17.15(0.05) 16.60(0.04) 16.28(0.02)

PG 1553+11 b 1 14.42(0.25) 13.20(0.25)

2 16.05(0.25) 14.57(0.25)

3 14.24(0.25) 12.95(0.25)

4 16.06(0.25) 14.81(0.25)

5 15.34(0.25) 13.35(0.25)

6 11.81(0.25) 9.71(0.25)

7 14.00(0.25) 12.34(0.25)

8 13.26(0.25) 12.08(0.25)

PKS 1622–297 2 17.5(0.3)

B c 3 15.5(0.3)

4 17.4(0.3)

5 15.3(0.3)

6 16.7(0.3)

7 17.8(0.3)

8 16.1(0.3)

9 16.6(0.3)

10 16.9(0.3)

11 16.1(0.3)

PKS 1622–297 2 16.241(0.008) 15.692(0.006)

VRI d 3 15.555(0.012) 14.647(0.013) 13.833(0.002)

5 17.254(0.021) 16.428(0.012)

6 17.259(0.010) 16.412(0.006) 15.706(0.009)

7 15.223(0.010) 14.725(0.018) 14.260(0.003)

8 16.221(0.006) 15.632(0.004) 15.066(0.005)

9 15.371(0.026) 14.775(0.002) 14.234(0.003)

10 16.676(0.007) 16.004(0.009) 15.449(0.015)

11 15.020(0.002) 14.318(0.001) 13.650(0.002)

13 17.414(0.010) 16.843(0.015) 16.353(0.017)

Continued on next page ...
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Table 2.2: Continued from previous page ...

Object Check B mag V mag R mag I mag

14 16.631(0.006) 15.864(0.003) 15.188(0.005)

16 15.146(0.008) 14.422(0.006) 13.811(0.002)

17 15.265(0.003) 14.597(0.009) 14.008(0.003)

18 14.758(0.001) 13.845(0.002)

19 15.648(0.003) 14.928(0.009) 14.253(0.003)

20 17.406(0.028) 16.856(0.036) 16.338(0.018)

21 15.820(0.005) 15.238(0.002) 14.722(0.005)

22 15.240(0.034) 15.010(0.173) 14.849(0.010)

PKS 2155–304 e 2 12.74(0.01) 12.05(0.01) 11.67(0.01) 11.30(0.01)

3 13.90(0.01) 13.00(0.01) 12.47(0.02) 12.02(0.01)

4 14.93(0.01) 14.28(0.01) 13.92(0.02) 13.56(0.01)

5 16.01(0.01) 15.35(0.03) 15.01(0.04) 14.69(0.03)

CTA 102 1 f 14.77(0.04) 13.98(0.03) 13.56(0.04)

2 f 16.17(0.04) 14.88(0.03) 14.07(0.07)

3 g 15.91(0.02)

z h 15.38(0.05) 14.70(0.03)

a Raiteri et al. (1998a).
b Monet et al. (2003).
c Monet et al. (1998).
d González-Pérez et al. (2001).
e Hamuy & Maza (1989).
f Raiteri et al. (1998a).
g Calibrated from 2004 Oct 4 and 7 observations of checks 1, 2, and z.
h Beckerman (1997).

R filter. The images were then calibrated and reduced using IRAF scripts written by Christy

Tremonti (Beckerman 1997). Photometry on the images was performed by Tom Balonek and

his students.

The 2006 PKS 1622–297 campaign utilized data from the Yale 1.0m telescope and the

Panchromatic Robotic Optical Monitoring and Polarimetry Telescopes (PROMPT) system,

both located at CTIO. The Yale 1.0m telescope was equipped with the Y4KCam STA
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4064×4064 CCD camera and uses Johnson BV and Cousins RcIc filters. Frames taken on

this CCD were binned in order to reduce the readout time from almost a minute to only

a few seconds. The PROMPT system currently uses five identical 0.41m Ritchey-Chrétien

telescopes equipped with fast readout Apogee Alta U47+ 1024×1024 CCD cameras and

Johnson BVRI filters. Data from PROMPT telescopes 2 (B) and 4 (VRI) were obtained by

Joe Pollock. All raw images and calibration images from these telescopes were electronically

transmitted to PEGA facilities for reduction and photometry.

2.3 X-ray Data

All of the X-ray data presented in these campaigns were taken using the Proportional Counter

Array (PCA) on the Rossi X-ray Timing Explorer (RXTE) satellite. This satellite was

launched on 30 December 1995 and is presently still in operation. The X-ray light curve

data were extracted using the FTOOLS v5.2 software package. During nearly all of our

observations, Proportional Counter Unit (PCU)s 1, 3, and 4 were turned off. Therefore, data

were only extracted from PCUs 0 and 2. Despite the loss of the propane layer onboard PCU

0 during May of 2000, the signal to noise ratio was much greater when using data from both

PCUs 0 and 2. To further enhance the signal-to-noise ratio, only data from layer 1 of the

PCA were analyzed. No data from the High Energy X-ray Timing Experiment (HEXTE)

cluster or the other PCUs were used. All of the data analyzed here were taken while the

spacecraft was in STANDARD-2 data mode.

Data were extracted only when the target’s Earth elevation angle was > 10 deg, pointing

offset < 0.02 deg, PCUs 0 and 2 both on, the spacecraft more than 30 minutes after South

Atlantic anomaly passage, and electron noise less than 0.1 units. Since the background

response of the PCU is not well defined above 20 keV, only channels 0 − 44 ( 2 − 20 keV)

are included in this analysis.

Because the PCA is a non-imaging detector, background issues can be critically important



25

during analysis. The faint-mode “L7” model, developed by the PCA team, was used here.

This model provides adequate background estimation for objects with less than 40 cnts/sec.

Background files were extracted using pcabackest v3.0.

2.4 Archival γ-ray Data

The multiwavelength campaigns utilizing RXTE data were coordinated ahead of time so

that simultaneous observations could be carried out at X-ray, optical, and radio wavebands.

However, only a limited number of campaigns could be organized and carried out in the

course of a few years. To examine the nearly simultaneous multiwavelength behavior of PKS

1156+295, archival data from the Energetic Gamma Ray Experiment Telescope (EGRET)

was used for the high-energy end of the spectrum. EGRET was a part of the Compton

Gamma-Ray Observatory (CGRO) mission, which began on 1991 April 5 and ended on 2000

June 4. The third EGRET catalog (Hartman et al. 1999) includes data in the 100–1000

MeV range taken from 1991 April 22 to 1995 October 3. This catalog was used for the

archival γ-ray data in this dissertation. The data includes 66 high-confidence detections of

blazars, taking into account factors such as source ambiguity since this was not an imaging

detector (Hartman et al. 1999). To create the archival multiwavelength campaigns, data from

EGRET were cross-referenced with available data from the PEGA, University of Florida,

and UMRAO archives, and from previously published data. Data from radio, optical, and

γ-ray wavelengths taken within a few weeks of each other were compiled for comparisons

with the contemporary multiwavelength campaigns.

2.5 Preliminary Examinations of Data

The initial examination of the data was performed simply by plotting light-curves from each

spectral region. These light-curves were made to display optical microvariability within a

single night, and to display longer term variability across many wavebands over several days
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or several weeks. These plots also serve the purpose of identifying interesting time intervals

requiring more in depth analysis of the multiwavelength variability. The next chapter will

discuss the methods used to analyze quantitatively the results from the campaigns.
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Analysis of Observations

A variety of methods were used to analyze quantitatively the observations collected in this

dissertation. Different techniques were employed to analyze the microvariability behavior and

the multiwavelength behavior. The first step is to convert the observed optical magnitudes

into fluxes, via

m1 −m2 = −2.5log
f1

f2

, (3.1)

where m1 and m2 are the apparent magnitudes and f1 and f2 are the observed fluxes of the

two objects.

Choose a reference star whose apparent magnitude is 0.0, such as Vega. Equation 3.1

can then be converted to Equation 3.2:

f1 = f210−0.4m1 . (3.2)

All conversions from magnitude to observed flux in this dissertation are done in the same

way, and so are internally consistent. Only fluxes calculated in the observer’s rest frame

are used throughout this work. Converting the observed fluxes to emitted fluxes would not

significantly change the results of this work since the redshifts of the observed objects are

not large. Much of the work on blazars uses methods very similar to this, so the results

published here are consistent with previous work on blazars.

The factor f2 is effectively the zero-point flux density at a given frequency, Fν0 (see

Table 3.1). If the magnitude m1 is the observed magnitude to be converted at frequency ν,

then f1 becomes the observed flux density Fν ,

Fν = Fν010−0.4m1 . (3.3)
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Table 3.1: Magnitude to Flux Conversion Factors

Filter λeff Fν0

(nm) (Jy)

B a 440 4130

V a 550 3781

Rc
b 638 3060

R a 710 2941

Ic
b 797 2420

I a 970 2635

a Zero-point flux density (Fν0) obtained from Allen et al. (2001).
b Zero-point flux density obtained from Maran (1991).

3.1 Microvariability Studies

The RBLs studied in this dissertation all exhibited prominent optical microvariability. In

order to study rigorously the character of microvariability in each object, one must quanti-

tatively assess both the amplitude and timescales of microvariability. For this purpose, two

quantities are calculated for each nightly set of microvariability observations.

The first quantity is the speed, or rate, of the flux variability, dS/dt. This quantity

measures the amplitude of the variability, and whether the flux is increasing (positive dS/dt)

or decreasing (negative dS/dt) at the measured time. This quantity is not appropriately

found from the change in each object’s flux divided by the change in time from point to

point throughout the night. The scatter in the data makes such a detailed calculation too

erratic to trace any overall patterns. Instead, dS/dt is a weighted average, with the average

taken over a small number of consecutive data points per unit time.

For each consecutive data point, the instantaneous change in flux over time from point

to point ∆Sn/∆tn is calculated, where ∆Sn = Sn − Sn−1 and ∆tn = tn − tn−1. A weighted
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average was calculated at every fifth ∆Sn/∆tn value, resulting in Equation 3.4,

dS

dt

∣∣∣∣
n

=
1

10

(
∆Sn−2

∆tn−2

+ 2
∆Sn−1

∆tn−1

+ 4
∆Sn
∆tn

+ 2
∆Sn+1

∆tn+1

+
∆Sn+2

∆tn+2

)
. (3.4)

Each value of dS/dt best corresponds to the median Julian Date (JD) of each set of five data

points, i.e. the time when ∆S/∆t3 is calculated.

The second quantity for measuring the microvariability is the acceleration of variability,

d2S/dt2. This quantity measures the rapidity of the variability. A positive d2S/dt2 means the

variability timescales are decreasing and events are becoming more rapid, while a negative

value indicates that the timescales are increasing; we define

d2S

dt2
≡ dSn/dtn − dSn−1/dtn−1

tn − tn−1

. (3.5)

The results of this analysis help determine whether a correlation exists between variability

amplitude and rapidity with flux state in the selected blazars.

3.2 Multiwavelength Spectral Analysis

A very effective way to study the multiwavelength evolution of each selected object over time

is to generate SEDs. This allows comparisons to be made between the spectral properties of

each selected object. It also allows easy comparisons with previously published results for

other blazars. SEDs in this dissertation are presented as a log νF(ν) vs. log(ν) plot, with

flux in units of Jy and frequency in Hz.

Following the work of Landau et al. (1986), a parabola of the form

f(x) = −c(x− a)2 + b (3.6)

was fit to the synchrotron region SED data in order to estimate the frequency of highest

emitted energy, where x = log(ν) and f(x) = log νF(ν). For each SED fit this way, b

corresponds to the peak emitted power, a corresponds to the logarithm of the frequency at

which the peak emitted power occurs, and c is a measure of the broad spectral curvature.
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The lower the value of c, the broader the spectrum.

Following the method of Perlman et al. (1996), the ratios of fluxes at specific wavelengths

were calculated for each SED, which allows us to find the optical–X-ray and radio–optical

spectral indices as

αox = −
log(F2keV /F

2500Å
)

2.605
, (3.7)

and

αro =
log(F5GHz/F

2500Å
)

5.38
. (3.8)

The fluxes, Fν , at 2 keV, 2500 Å, and 5 GHz are calculated in Janskys throughout this

work, and these are the fluxes in the observer’s rest frame, not the emitted rest frame. The

constants in each equation are defined following Stocke et al. (1991) and references therein.

Equations 3.7 and 3.8 are combined to yield

log(Fx/Fr) = αxlog(2)− 2.605αox − 5.38αro. (3.9)

The X-ray energy spectral index αx was measured for most of this dissertation’s campaigns.

When it could not be measured, it is set to 1.35 following Perlman et al. (1996). By choosing

to use these particular flux ratios, one could directly compare these results to those published

for many other blazars in Perlman et al. (1996). Following Perlman et al. (1996), the X-

ray fluxes are calcuated at 2 keV. Although observations were not necessarily obtained at

exactly the same frequencies, the fluxes at the specified frequencies were easily obtained via

interpolation of the parabolic fits in each SED. For the RBLs, emission at 2 keV is likely to

be due to the IC process, and is therefore not included in the parabolic fits.
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The X-ray Selected BL Lacs

Two very different XBLs, PG 1553+11 and PKS 2155–304, were chosen for the present in-

vestigation. PKS 2155–304 has been the object of several multiwavelength campaigns, while

PG 1553+11 has never before been chosen for a simultaneous multiwavelength campaign.

While PG 1553+11 is a “radio weak” blazar, PKS 2155–304 is bright at all observed wave-

lengths. PKS 2155–304 was detected by EGRET, but PG 1553+11 was not. Examining

such different members of the same class may allow one to define the general properties of

XBLs more precisely. In this chapter, the recent multifrequency campaigns on PG 1553+11

and PKS 2155–304 will be summarized, discussed, and compared. In addition, published

campaigns on PKS 2155–304, Mkn 421, and Mkn 501 will also be summarized and used to

make comparisons between the properties of this subset of XBLs.

4.1 Selected XBLs

PG 1553+11 was selected to be investigated primarily because it is an extraordinarily radio-

weak blazar. This object was identified with a 15.5 magnitude blue stellar object in the

Palomar-Green survey of ultraviolet-excess objects (Green et al. 1986). Miller et al. (1988)

identified this object as a blazar with an optical R magnitude that varies from ∼13 to

∼15.5. Hewitt & Burbidge (1989) established a redshift of 0.36 for this object. More recent

observations have not been able to confirm this value, but instead find a lower limit of

0.25 (Stephan Wagner, private communication). An optical finding chart for PG 1553+11 is

displayed in Figure 4.1. A longterm R-band lightcurve is displayed in Figure 4.2. Subsequent

observations revealed that this object has rather weak radio emission for a blazar of this
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Figure 4.1: Optical field of view of PG 1553+11.

optical magnitude, exhibiting fluxes of a few tenths of a Jansky at 5.0 GHz (Falomo &

Treves 1990). Its SED is consistent with its identification as an XBL (Falomo & Treves

1990; Donato et al. 2005; Perlman et al. 2005). Its X-ray properties were studied in the

Einstein Slew Survey, version No. 1 (1ES) of BL Lac objects, and it was included in that

catalog as 1ES 1553+113 (Perlman et al. 1996). The relatively weak radio emission suggests

that this is an extreme XBL. There was only one pointed RXTE observation of this object

prior to our 2003 campaign. The source was detected at a flux of 3.8× 10−11 erg cm−2 sec−1

at 2–20 keV in this previous observation.

PKS 2155–304 is one of the best-studied blazars in the southern hemisphere. It was first

observed in the radio as part of the Parkes survey (Shimmins & Bolton 1974). Griffiths

et al. (1978) noted a blue stellar object with a featureless continuum at the same location.

Schwartz et al. (1979) report the first X-ray observations of this object, using High Energy
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Figure 4.2: The long-term R-band lightcurve of PG 1553+11. Data from 1980 to 2004
published in Campbell (2004).

Astrophysics Observatory-1 (HEAO-1), and first identified PKS 2155–304 as a BL Lac object.

Significant optical variability (∼1.5 mag) and polarization (∼5%) was observed by Griffiths

et al. (1979). A redshift of 0.117 ± 0.002 was determined by Bowyer et al. (1984); the current

accepted value is 0.116 (e.g., Falomo et al. 1993). An optical finding chart for PKS 2155–304

is displayed in Figure 4.3. The longterm R-band lightcurve is displayed in Figure 4.4. During

the past 15 years, PKS 2155–304 has been the subject of numerous campaigns examining

possible correlations between X-ray, UV, optical, and radio variability. Recently, it has even

been detected at TeV energies (Roberts et al. 1999; Djannati-Atáı & The CAT Collaboration

2003; Emmanoulopoulos & Wagner 2006).

Two of the most luminous and most frequently studied XBLs are Mkn 421 and Mkn 501.
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Figure 4.3: Optical field of view of PKS 2155–304.

These objects are signifcantly closer than PG 1553+11 and PKS 2155–304, at redshifts of

0.0337 (Mkn 501) and 0.030 (Mkn 421) (Ulrich et al. 1975). Both objects have been observed

at TeV energies (Piron et al. 2001, Mkn 421) (Djannati-Atai et al. 1999, Mkn 501). These

objects have also been referred to as “blue” blazars, meaning that their synchrotron peak is

in X-rays and the IC peak is in the TeV band (Urry & Padovani 1995). This feature makes

them good candidates for multiwavelength campaigns involving just X-ray and very high

energy bands, since these campaigns can simultaneously detect both the synchrotron and IC

peaks of the SEDs.
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Figure 4.4: The long-term R-band light-curve of PKS 2155–304. Data from 1980 to 2003
published in Campbell (2004); see Table B.5 and Table F.1 for more recent data. Open
squares are Rc-band observations from 1991 (Courvoisier et al. 1995) and 1994 (Pesce et al.
1997).

4.2 Multiwavelength Observations

The results of both new and previously published campaigns have been included in order to

compare and analyze the general multiwavelength behavior of selected XBLs.

4.2.1 2003 Observations of PG 1553+11

The X-ray observations of PG 1553+11 were initiated as the result of a Target of Opportunity

(ToO) RXTE program triggered by an optical flare in 2003 March. The RXTE observations

span about three weeks in Spring of 2003: April 22−May 12. Optical observations were
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Table 4.1: Summary of 2003 PG 1553+11 Observations

Spectral Band Observatory Dates of Obs. # of Obs.

2− 10 keV RXTE/PCA 2003 Apr 22−May 12 46

R-band Lowell (Perkins) 2003 Mar 6− 7 10

2003 Apr 24− 27 33

2003 May 20− 24 19

2003 July 24 & 26 5

Braeside 2003 Apr 26 & 28 468

Abastumani 2003 Apr 28−May 21 31

B-band Lowell (Perkins) 2003 Apr 24 2

Abastumani 2003 Apr 28−May 20 17

37.0 GHz Metsähovi 2003 Apr 25−May 21 23

14.5 GHz UMRAO 2003 Apr 27−Sep 4 24

4.8 GHz UMRAO 2003 May 2−Sep 8 13

obtained regularly during most of the RXTE campaign, as well as in March, late May, and

July. Radio observations at 14.5 and 37.0 GHz were also obtained regularly during most

of this campaign. A single 4.8 GHz observation was made during the RXTE campaign.

The 14.5 and 4.8 GHz observations continued through early September. A summary of all

observations obtained during this campaign is shown in Table 4.1.

X-ray observations utilizing integrations of about 3 ksec were performed 2 − 3 times

per day with the PCA for 21 days. The RXTE campaign extended from 2003 April 21

to May 12, consisting of a total of 46 X-ray observations. Table A.1 lists all of the X-ray

light curve and spectral slope data taken for this campaign. The dense, regularly sampled

X-ray data display a substantial, well-defined flare starting approximately halfway through

the campaign, as shown in Figures 4.5 and 4.6. These figures also display the simultaneous

lightcurves of the optical and radio data for comparison.
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Figure 4.5: All data on PG 1553+11 (not including Braeside Observatory) taken during the
RXTE campaign. For the R and B bands, an asterisk denotes Lowell Observatory, and a
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data, the error bars may be smaller than the plotted points. Adapted from Osterman et al.
(2006).

The X-ray flux more than doubled over a ten day interval, and, although the observations

stopped before the flare was complete, they indicated that the flare had already reached
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its peak and the source was beginning to return to lower flux levels. The flare began on

April 29 − 30 and peaked on May 10. The observations record an average flux of about

5.0×10−12 erg cm−2 sec−1 before the flare began, while at the flare’s peak the flux approached

1.2 × 10−11 erg cm−2 sec−1. The X-ray flux increases smoothly over the first 4 − 5 days of

the flare, then appears to increase more steeply until the peak is reached.

The optical light curves displayed in this dissertation use a magnitude scale based on

differential magnitudes compared to check, or calibration, stars Nos. 1 and 3 as labeled in

Figure 4.1. All B-band differential magnitude data from Lowell and Abastumani Observa-

tories are shown in Table A.2. All R-band data are shown in Table A.3. According to our

observed differential magnitudes and the known check star magnitudes (see Table 2.2), PG

1553+11 exhibits ranges from about B = 14.54 to 14.66 and R = 13.55 to 13.66 during the

RXTE campaign. In early March preceding this campaign, observations taken at Lowell

Observatory showed PG 1553+11’s R magnitude at nearly 13.4, a brighter than average

state for this object (Miller et al. 1988). It was those observations which were subsequently

used to trigger the RXTE ToO proposal for this object.

Optical observations began on 2003 April 24, and continued with regular monitoring to

the end of the RXTE campaign. The optical lightcurves from this time are displayed in

Figure 4.5. The R-band was sampled more frequently than the B-band, particularly during

the first half of the campaign. The large error (0.25 magnitudes) in the check star magnitudes

for the PG 1553+11 field makes the errors in the apparent magnitude and flux inherently

large. In order to show clearly changes in the object’s brightness independent of the check

star errors, the differential magnitudes between PG 1553+11 and check star 1 are plotted

along with the observed fluxes. Over the course of our observations, the B-magnitude data

show a sporadic decrease in brightness, but no behavior similar to the X-ray flare. The

R-magnitude data show a mild flare of about 0.1 magnitude in the middle of the campaign,

but this ∼10% increase in brightness is much smaller than the approximate doubling in
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brightness of the X-ray flux. During the last half of the campaign, when there are nearly

simultaneous R- and B-band observations, the variability observed through each of these
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filters is nearly identical.

In Figure 4.6, our observations show a flare in the R band in late May and an elevated flux

state on 2003 July 24− 26, more than two months after completion of the RXTE campaign.

The flare exhibits a well-defined peak at 0.15 magnitudes brighter than the R state at the

end of our RXTE campaign, which ended just after the X-ray flare appears to have peaked.

This increase represents a flux increase of almost 15%; a smaller flux increase than that

observed for the X-ray flare, but still significant. The later elevated R-band state is about

0.27 magnitudes brighter than observed in late May, corresponding to a 28% increase in

brightness and an R magnitude of about 13.47.

The radio data, shown in Table A.5, are not as densely sampled as the X-ray data, but

the combined data from 14.5 and 37.0 GHz span most of the same time window as the

X-ray campaign, as shown in Figure 4.5. The flux at 14.5 GHz appears to be steady for the

duration of our RXTE campaign.

The best radio data, i.e., data taken from 2003 May 4 onward, show an average flux of

0.23 ± 0.02 Jy. One data point taken at 4.8 GHz gave a flux of 0.37 ± 0.02 Jy on May 5.

The flux at 37.0 GHz is very noisy, with a signal/noise ratio of less than 4 for many points.

The best data have an average flux of 0.25 ± 0.04 Jy, which is near the detection limit of the

telescope. No statistically significant changes in the radio flux occurred during this time.

In late July, the UMRAO data show a distinct increase in flux at 4.8 and 14.5 GHz,

during which time a Metsähovi Observatory data point shows an elevated flux state at 37.0

GHz. The magnitude of this flux increase is about 0.1 Jy at both frequencies, representing

about a 2σ increase in flux at 4.8 GHz and about a 9σ increase at 14.5 GHz. This activity,

shown in Figure 4.6, is most likely not related to the aforementioned X-ray and optical flares.

According to Marscher et al. (2004), coordinated multiwavelength variability patterns usually

occur on timescales of a few weeks at the most, and this observed increase in radio flux does

not occur until about two months after the optical flare. The optical observations at this time
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Table 4.2: Summary of 2004 PKS 2155–304 Observations

Observatory Spectral Band Dates of Obs. # of Obs.

RXTE 2− 10 keV 2004 Aug 5− 25 91

2004 Sept 7− 16 20

CTIO (NOAO) B-band 2004 Aug 13− 23 36

V-band 41

R-band 1310

I-band 40

CTIO (SMARTS) B-band 2004 Aug 6− 7 2

V-band 2004 Aug 6− 7 2

R-band 2004 Aug 6−Oct 5 9

Lowell R-band 2004 Sept 22− 23, Oct 7− 9 8

UMRAO 8.0 GHz 2004 Sept 2− 16 5

14.5 GHz 2004 Aug 9−Sept 30 5

show a bright state in the R-band for this object; even brighter than the March observations

which triggered our RXTE campaign. While there is no well-defined R band flare observed,

this high state may be related to the overall increase in radio flux.

In summary, the observed X-ray flare, during which the flux more than doubles, is easily

indentified in the RXTE data. None of the other wavebands show such a dramatic and

well-defined increase in flux. However the R-band optical data do show a flare of ∼0.1

magnitudes which ends just before the X-ray flare begins. The optical brightness and 37.0

GHz flux show slight decreases as the X-ray flux increases. The 14.5 GHz data remains

stable throughout the X-ray flare. In late May, the Lowell Observatory R-band observations

show a distinct flare of ∼0.15 magnitudes, or a 15% increase in flux. The optical flare was

of a smaller magnitude than the earlier X-ray flare, but both flares take about 10 days to

reach maximum brightness, so it is possibile that the two flares are related.
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4.2.2 2004 Observations of PKS 2155–304

PKS 2155–304 was the subject of an intense 10 night optical campaign performed at the

CTIO 0.9m telescope in 2004 August. During this time, simultaneous X-ray observations

were also obtained. Observations of a few hundred to a few thousand seconds were performed

several times a day for 21 days with RXTE’s PCA. A second set of longer (few-several

ksec) RXTE observations was then performed. These observations covered six days in 2004

September. Table B.1 lists all of the X-ray data taken for this campaign. Optical observations

taken in B-, V-, and I-bands are displayed in Tables B.2, B.3, and B.6, respectively. During

this time, high time resolution data were obtained in the R-band in order to search for

the presence of microvariability which might be present in PKS 2155–304. These data are

displayed in Table B.5. In August, September, and October, additional B-, V-, and R-band

observations were obtained through SMARTS and with the 1.8m Perkins telescope at Lowell

Observatory. These data are listed in Tables B.2, B.3, and B.4.

Radio observations at 14.5 and 8.0 GHz were performed at UMRAO. Most of the 14.5

GHz observations coincide with RXTE observations. However the 14.5 GHz coverage is

much sparser than the RXTE coverage. These radio observations are distributed over the

months of August, September, and October. The 8.0 GHz observations, which were also

much sparser in coverage than those of RXTE, all took place in September (see Table B.7

for all late 2004 radio data for this object). A summary of all observations taken for this

campaign is included in Table 4.2.

Figure 4.7 displays the multiwavelength light-curves from this campaign. The densely

sampled X-ray data display two substantial, well-defined flares in August and another flare

in September. The two August flares appear to each have the same duration, about four

days. The first flare represents almost a 150% increase in flux from the level preceding the

flares. The second flare has a somewhat higher peak than the first. The first flare’s peak is
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narrower than the second and occurs on August 12, about 4 days before the second flare’s

peak. The low flux following the second flare shows a steady decline over the month of

August. There is evidence of an elevated flux state, possibly suggesting another smaller flare

immediately preceding the large August flare. The September X-ray data, though not as

dense as the August data, suggest that a flare of approximately six days duration occurred

during that time. This flare’s peak is poorly-defined, but the observations indicate that the

September flare’s peak flux is at least as high as that observed in the August flares.
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The densely-sampled optical light-curve from CTIO, shown in Figure 4.8, exhibit two

distinct flares in August. The flares are clearly present in all four optical wavebands, and

appear to occur simultaneously. As is expected, the flux increases more steeply in B than V,

and more steeply in V than R. The I-band does not appear to follow this trend, but data in

this band are more difficult to analyze because the calibration star magnitudes are not as well

defined in the I-band as in the three other filters. Mkn 421 has exhibited similar correlated

optical multiwavelength behavior (Tosti et al. 1998). The B–R color index, displayed in

Figure 4.9, indicates that PKS 2155–304 becomes bluer when optically brighter, an often
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observed characteristic of blazars (Stalin et al. 2006; Gu et al. 2006). It is not entirely clear

when these flares begin and end due to the absence of data extending prior to and following

this campaign, but the first flare’s peak is clearly observed on August 14 and the second

flare is clearly flattening by the time our observations end on August 23. Based on our

observations, the first flare has a duration of at least three days, the second of at least eight

days.

The observed X-ray flares do not appear to be at all related to the observed optical flares.

There are no clear similarities in the patterns, structure, or timescales of the X-ray flares

in relation to the optical flares, as illustrated in Figure 4.10. It should be noted, however,
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that there are many extended periods during which there are either no X-ray observations

to compare with optical observations, or vice versa. It is possible that more flares might be

present, but undetected, that do show a clearer relationship with each other.

To examine quantitatively whether or not the observed X-ray and optical flares were

related, a Cross-Correlation Function (CCF) and a Discrete Correlation Function (DCF)

(Edelson & Krolik 1988) were performed on both data sets to see what lag times the flares

might correspond to. The DCF is designed for unevenly sampled sets of data, as is frequently

the case in blazar variability studies (Edelson & Krolik 1988). However, Welsh (1999) has

demonstrated that a CCF performed on data which includes interpolated data to fill in gaps

in observations yields results equal to or better than those from a DCF. Before calculating
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each correlation function, the flux data in the X-ray and R wavebands were normalized to the

average observed flux in each waveband over the course of the August CTIO observations.

These data were then averaged every 6 hours to give a maximum of four observations per

day. The DCF found a weak correlation (0.51) at a 6.375 day lag between the X-ray and

optical flares, with the X-ray variations leading the optical variations. Linearly interpolated

data was then added to the averaged observed R-band and X-ray data, so that each data set

contained an observation every 6 hours throughout the CTIO campaign. The CCF results

from this data set are plotted in Figure 4.11. These results were similar to the DCF results,

with a weak correlation of 0.42 at 6.5 days, again with the X-ray variations leading those

in the optical. These weak correlations, one of which relies on four continuous nights of

interpolated data, suggest that if the X-ray and optical flares are correlated, the smallest

possible lag time is 6.5 days.

4.2.3 Previous Results from PKS 2155–304

PKS 2155–304 has been the object of several earlier multiwavelength campaigns. The two

most prominent and intensive campaigns occurred in 1991 November (Edelson et al. 1995;

Urry 1996) and 1994 May (Urry 1996; Urry et al. 1997). In both campaigns, at least one set

of temporally correlated flares was observed in X-ray and ultraviolet wavebands. The 1991

campaign showed correlated optical flares as well. However, the time lags between flares in

different wavebands differed in each campaign. See Figures 4.12 and 4.13 for multiwavelength

observations from these campaigns.

Since PKS 2155–304 is an XBL, the radio through X-ray emission are all thought to be due

to the synchrotron process. Hence, flares at lower energies should lag flares at higher energies.

The flaring activity in both the 1994 and 1991 campaigns follow this trend. However, the

2004 campaign did not apparently follow this behavior in that no clear correlations were

found between the observed X-ray and optical flares.
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Figure 4.11: Results of cross-correlation function of normalized and interpolated X-ray and
R-band PKS 2155–304 data from 2004 August.

4.2.4 Discussion of Observed Multiwavelength Synchrotron Behavior

In the campaigns on the objects included in the present study, distinct flares were observed

at optical and X-ray wavelengths for both objects. For PKS 2155–304, these flares occurred

within 20 days of each other, but do not appear to be correlated. However, correlated

multiwavelength flares were observed in this object in two previous campaigns when the

object was in higher flux states. The intermediate flux state exhibited flares lagging each

other by a few days from X-ray to UV wavelengths (Urry et al. 1997), while the highest

observed state featured flares lagging each other only by 2 − 3 hours (Edelson et al. 1995).

In all cases, the X-ray flares lead the lower energy flares.

For PG 1553+11, optical and X-ray flares observed about 10 days apart may be corre-

lated, with the X-ray flare leading the optical. If, as has been argued, PKS 2155–304 and
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Figure 4.12: Simultaneous multiwavelength flaring activity from the 1991 PKS 2155–304
campaign, Edelson et al. (1995), Figure 2b. From top to bottom, the observed wavebands
are centered at 25, 1400, 2800, and 5000Å.

PG 1553+11 are inherently similar objects, then the flux state of PG 1553+11 may also

be related to the correlation of multiwavelength flares. Following the patterns observed in

PKS 2155–304, a lag between X-ray and optical flares of as long as 10 days would indicate

a relatively low flux state in PG 1553+11 during the 2003 campaign. The longterm R-band

data from Figure 4.2 and Figure 4.4 agree with these assessments of the relative flux states

of each object at the observed epochs. PG 1553+11 was observed around R 13.5 to 13.7

during the 2003 campaign, a low state compared to almost all other observations from 2000

– 2006. The longterm PKS 2155–304 light-curve also indicates that this object was brighter

during the 1991 campaign than in the 1994 campaign, and the 1994 state was brighter than

the state during the 2004 campaign.

In every PKS 2155–304 campaign, the higher energy flares have larger amplitudes than

those at lower energies. In 1991, with the object in a high flux state, flaring activity between

the two International Ultra-Violet Explorer (IUE) wavebands was simultaneous down to the

limiting observational time scale of < 1 − 2 hours (Edelson et al. 1995). As illustrated in
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Figure 4.13: Multiwavelength flaring activity from the 1994 PKS 2155–304 campaign, Urry
et al. (1997), Figure 1. The light-curves cover, from top to bottom, wavebands ranging from
X-ray to UV regimes.

Figure 4.12, the X-ray, IUE, and optical flares all had very similar structure and amplitudes.

In 1994, the object was in a lower flux state. Flaring activity from X-ray through UV

regimes was still temporally correlated, but on significantly longer timescales. The time lag

from the X-ray to UV flares increased to about 2 days (Urry et al. 1997). Also, as illustrated

in Figure 4.13, significant differences appeared in the light-curves from each regime. The

longer wavelength flares are significantly broader than the X-ray flare, and exhibit smaller

amplitudes. Small differences in flare structure between the two IUE wavebands appeared,

as shown in Figure 4.14, though the flare structures remained very similar (Urry et al.

1997). In 2004, the object was in a still lower flux state, and no UV data were obtained.
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Figure 4.14: IUE flaring activity from the 1991 and 1994 PKS 2155–304 campaigns, Pian
et al. (1997), Figure 8. Data taken at 1400Å is given in filled symbols, data at 2800Å given
in open symbols. For both campaigns, the light-curves have been normalized to the average
1400 and 2800Å fluxes in 1991. The flux level in 1991 was about 20% brighter than in 1994.

However, the intense simultaneous optical and UV data obtained in 1991 (see Figure 4.12)

demonstrate that the optical behavior is probably a good indicator of the UV behavior. The

intensive 2004 data show highly correlated optical multiwavelength behavior, with the object

becoming somewhat bluer when brighter. The X-ray flaring, compared to the optical flaring

in Figure 4.10, is of markedly different structure, amplitude, and timescale. The high energy

flux more than triples, while the optical flux doesn’t even double. The X-ray flares are of

simlilar amplitude, while the second optical flare is significantly stronger than the first. The

X-ray flare peaks occur within 4 days of each other, while the two optical flare peaks are

separated by at least nine days. It is possible that optical flares resembling the X-ray flares
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did occur, but they would lag the X-ray flares by at least 6.5 days. No multiday or intraday

similarities in X-ray/optical flare structures are present.

These comparisons of PKS 2155–304 suggest that, as the flux state of the object increases,

the differences in flare amplitude and structure across the X-ray and UV/optical wavebands

decrease, and the time lags between multiwavelength flares decrease. The decrease in time

lags suggests that the X-ray and optical emission regions are becoming more closely spatially

related, but this does not fully explain the observed behavior. The similarity in multiwave-

length flare structure observed in the high flux state supports the hypothesis that the X-ray

and optical flares are caused by a shock propagating down the jet, stimulating longer wave-

lengths of synchrotron radiation as the shock moves from the central engine outward. It can

thus be argued that during a high flux state, the shocks are highly relativistic and quickly

propagate down a short path between X-ray and optical emission regions in the jet. In

an intermediate state, the X-ray and optical emitting regions are further apart, and/or the

shock moves more slowly, and the multiwavelength flares show time lags and differences in

structure. In a low state, the X-ray and optical emitting regions are still further apart, and

it is possible that some of the flaring activity is not due to jet emission. It may be that

a strong flaring component is present in the jet during a high state, while in a low state a

quiescent component outside of the jet is responsible for observed flares.

4.3 Optical Microvariability

During each of the new campaigns on PG 1553+11 and PKS 2155–304, at least two nights

were devoted to obtaining intense time coverage in the R-band in order to examine any

microvariability displayed by these objects. The intensively sampled PG 1553+11 R-band

data, shown in Table A.4, from 2003 April 26 and 28 are displayed in Figure 4.15. The

light-curves displayed in Figure 4.15 suggest the possibility that microvariability may be

present in the days preceding the X-ray flare. On 2003 April 26, small flares of variations at
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Figure 4.15: Data taken at Braeside Observatory. Adapted from Osterman et al. (2006).

∼2σ level may be present in PG 1553+11 but they are not statistically significant. On 2003

April 28, no distinct flares are observed. The most distinct feature on the 28th is a small

but rather steady increase in brightness over an 8 hour interval.

Modest optical microvariability in the PKS 2155–304 campaign occurred on 2004 August
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20 and 21, displayed in Figure 4.16. The second part of the August 20 data shows a brighten-

ing of about 0.05 magnitudes (2.5σ) over about three hours. This brightening continues into

August 21, where the first part of the night shows a brightening of about 0.03 magnitudes

(1.5σ) over almost four hours. As displayed in Figure 4.8, nightly increases and decreases in

brightness are often distinctly correlated across the observed wavebands.

In the optical regime, modest microvariability was observed in the campaigns on PG

1553+11 and PKS 2155–304. Previous studies on Mkn 421 have yielded similar optical

micorvariability results (Sillanpää et al. 2001; Williams-Campbell & Miller 2003). Previous

observations of other XBLs indicated that they do not exhibit microvariability nearly as

frequently as RBLs (Miller et al. 1999). The lack of significant microvariability observed

for PG 1553+11, PKS 2155–304, and Mkn 421 is consistent with the variability behavior

observed in several other XBLs. In contrast, Mkn 501 has been known to exhibit much

higher amplitude microvariability, typical of that observed for RBLs (Williams-Campbell &

Miller 2003). Miller et al. (1999) observed an increase of ∼ 0.1 magnitudes over less than 30

minutes in this object.

4.4 SED Analysis

One of the main goals of the XBL multiwavelength campaigns is to examine how the spectral

behavior changes with varying flux states. For these objects, only the synchrotron part of

the SED can be studied with radio, optical, and X-ray observations. The analysis (see

Chapter 3) of spectral shape and relative fluxes in different regimes will apply to only the

synchrotron part of the XBL SED.

The SEDs for the three week PG 1553+11 campaign are presented in Figure 4.17. One

SED was created for each five days of the RXTE campaign in order to study the temporal

evolution of the spectral shape. The calculated X-ray spectral fits from the RXTE observa-

tions are displayed as two short lines on each SED representing the highest and lowest slope



56

10.0

12.0

14.0

16.0

18.0

20.0

10.0 12.0 14.0 16.0 18.0

lo
g(

Jy
*H

z)

log(Hz)

PG 1553+11; SEDs from X-ray/optical/radio data

I

I

I

I

I

Apr 22-29

Apr 30-May 3

May 4-6

May 7-9

May 10-14

5.2

5.3

5.4

5.5

5.6

5.7

5.8

5.9

6.0

0.0 1.0 2.0 3.0 4.0 5.0 6.0

Pe
ak

 P
ow

er

Era

PG 1553+11; Changes in Peak Power

Figure 4.17: Synchrotron SEDs of all 4.8, 14.5, and 37.0 GHz, Lowell and Abastumani Obser-
vatories R- and B-band, and RXTE data taken during the PG 1553+11 campaign. Vertical
lines indicated the peak energy points for each SED. Short lines indicate the energy spectral
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epochs are offset by increments of 1.5. The lower plot displays peak power changes during
the different parts of the campaign, with peak power given in units of 10−11 erg cm−2 sec−1.
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Figure 4.18: Synchrotron SEDs of all 14.5 GHz, CTIO and SMARTS BVR, and RXTE
data from 2004 August. The y-axis give the correct values for August 23; data from other
epochs are offset by increments of 1.0. The lower plot displays peak power changes during
the different parts of the campaign, with peak power given in units of 10−11 erg cm−2 sec−1.
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Figure 4.19: Synchrotron SEDs of simultaneous data from 1991 November. Vertical lines
indicate the peak energy points for each SED. The y-axis give the correct values for November
15; data from other epochs are offset by increments of 3.0. The lower plot displays peak
power changes during the different parts of the campaign, with peak power given in units of
10−11 erg cm−2 sec−1.
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Figure 4.20: Synchrotron SEDs of simultaneous multiwavelength data from 1994 May. Ver-
tical lines indicate the peak energy points for each SED. The y-axis give the correct values
for May 20.7; data from other epochs are offset by increments of 3.0. The lower plot displays
peak power changes during the different parts of the campaign, with peak power given in
units of 10−11 erg cm−2 sec−1.
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estimates. These estimates are based on the spectral slope data and uncertainties given in

Table A.1, which account for galactic and intrinsic absorption.

The 2004 PKS 2155–304 observations show many different combinations of high and low

X-ray fluxes in relation to high and low optical fluxes. The X-ray and high time resolution

optical data were binned according to date, so that one SED could be constructed for each

day from August 13–15 and 20–23. An additional bin was created for the X-ray and sparser

optical data taken on August 6 and 7. These SEDs are displayed in Figure 4.18. The radio

data, albeit sparse, show no significant change during these times. Hence, the average 14.5

GHz flux from 2004 August was used for the radio part of the spectrum. A total of 13 SEDs

were constructed using the method detailed in Chapter 3. An average frequency of 1.5×1018

Hz, corresponding to about 6 keV, was used for the RXTE data in these campaigns.

Following the flux ratio equations discussed in Chapter 3, the logarithmic ratios of the

X-ray, optical, and radio fluxes were calculated from each SED. The parabolic SED fits were

used to interpolate the fluxes at 2 keV, 2500 Å and 5 GHz. The fluxes were interpolated

at these particular wavelengths in order to follow the work done by Perlman et al. (1996),

where similar flux ratios are calculated for Mkn 421 and Mkn 501. This earlier work does

not utilize simultaneous data as does the present, but the resulting calculations still provide

a good basis for comparison with PG 1553+11 and PKS 2155–304.

In order to more quantitatively compare the previous PKS 2155–304 campaigns with the

new XBL campaigns, similar SED fits and flux ratios were calculated for the 1994 and 1991

campaigns. The archival Advanced Satellite for Cosmology and Astrophysics (ASCA), long-

wavelength IUE, optical, and radio data from 1994 used for these calculations are displayed

and referenced in Tables F.2, F.3, F.4, and F.5, respectively. The archival Roentgen Satellite

(ROSAT), optical, and radio data from 1991 are displayed and referenced in Tables F.6, F.7,

and F.8, respectively. In order to better compare the campaigns, only data from optical,

radio, and similar-waveband X-ray telescopes were used. For the 1994 analysis, IUE data
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were included to supplement sparse ground-based optical coverage. The optical monitor on

IUE was rendered unreliable due to solar contamination after a micrometeorite struck the

observatory in 1992 (Pian et al. 1997). The resulting SEDs are shown in Figures 4.19 and

4.20.

The general shape of each SED for PG 1553+11 is consistent with that of an XBL;

the emitted power is lowest at radio wavelengths and reaches a peak in the UV/soft X-ray

regime. The PG 1553+11 SEDs look very similar to a SED published by Giommi et al.

(1995) which was compiled from non-simultaneous archival data in similar wavebands. The

PKS 2155–304 SEDs are similar in shape, and compare well with previously published SEDs

from the 1994 campaign (Urry et al. 1997) (see Table 4.3 for all of the calculated parabolic

fits). The resulting peak powers νmaxF (νmax) for each SED, along with their corresponding

peak wavelengths λmax = c/νmax, are displayed in Table 4.4. This table also includes all flux

ratio calculations. Published, non-simultaneous values for Mkn 421 and Mkn 501 are also

displayed in Table 4.4 for comparison with PG 1553+11 and PKS 2155–304.

In each PKS 2155–304 campaign, the X-ray flares have higher amplitudes than those at

lower energies. As the difference in flare amplitude decreases, the changes in spectral shape

diminish. This trend is evident in the differing ranges of values of λmax, νmaxF (νmax), and

log(Fx/Fr); the ranges shrink as the time lags shrink. In all three campaigns, changes in

λmax are most strongly affected by changes in X-ray flux, while changes in νmaxF (νmax) are

similarly affected by changes in X-ray and optical fluxes.

Table 4.3 displays the peak frequency, power, and curvature value ranges for each object,

and each campaign, studied in the present investigation. Comparing the PKS 2155–304 peak

powers, it is again seen that this object was in a high flux state in 1991 and a low flux state in

2004, while the state in 1994 was intermediate. Peak values that indicate a relatively low flux

state for PKS 2155–304 match well with a medium state of PG 1553+11. Similar trends are

followed in each object as the X-ray and optical fluxes change. As the X-ray flux increases,
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Table 4.3: XBL Synchrotron SED Parabolic Fit Parameters

Object Period Peak Frequency a Peak Power b Curve c

PG 1553+11 2003 Apr 22− 29 15.28 ± 0.02 12.73 ± 0.02 0.1265

Apr 30 − May 3 15.30 ± 0.09 12.73 ± 0.08 0.1170

May 4− 6 15.48 ± 0.02 12.76 ± 0.02 0.1155

May 7− 9 15.57 ± 0.02 12.76 ± 0.02 0.1110

May 10− 14 15.60 ± 0.03 12.76 ± 0.02 0.1090

PKS 2155−304 2004 Aug 6− 7 15.68 ± 0.07 12.98 ± 0.04 0.1125

Aug 13 15.70 ± 0.04 13.03 ± 0.02 0.1130

Aug 14 15.59 ± 0.04 13.05 ± 0.02 0.1180

Aug 15 16.00 ± 0.03 13.11 ± 0.02 0.1040

Aug 20 15.46 ± 0.04 13.03 ± 0.03 0.1235

Aug 21 15.40 ± 0.04 13.09 ± 0.03 0.1285

Aug 22 15.34 ± 0.04 13.10 ± 0.03 0.1315

Aug 23 15.28 ± 0.04 13.10 ± 0.03 0.1350

1994 May 19.2 15.89 ± 0.04 13.28 ± 0.03 0.1030

May 19.4 16.10 ± 0.03 13.32 ± 0.03 0.0975

May 20.7 15.57 ± 0.04 13.28 ± 0.04 0.1140

1991 Nov 12 16.93 ± 0.01 13.68 ± 0.01 0.0875

Nov 13 16.89 ± 0.01 13.64 ± 0.01 0.0875

Nov 14 16.93 ± 0.01 13.62 ± 0.01 0.0860

Nov 15 16.99 ± 0.02 13.68 ± 0.01 0.0855

a Logarithm of the frequency, in Hz, at which the peak power occurs.
b Logarithm of peak power, in Jy*Hz.
c Curvature of the parabola.

the peak wavelength λmax decreases, regardless of how much the optical flux changes. The

same trend has been observed in Mkn 421 (Massaro et al. 2004a) and Mkn 501 (Massaro

et al. 2004b). The peak power νmaxF (νmax) reaches similar values at the optical and X-ray

flux peaks of each campaign. This general agreement between PG 1553+11’s behavior and

that of other XBLs is important because, while many multiwavelength campaigns have been
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performed on the other three XBLs, this is the first multiwavelength campaign focused on

PG 1553+11.

For PG 1553+11, the ratios between X-ray and radio flux log(Fx/Fr) (as defined in

Chapter 3) range from –4.63 to –4.28, increasing with the X-ray flux. These values establish

PG 1553+11 as an extreme XBL, where the cutoff between RBLs and XBLs is –5.5 and

extreme XBLs have a value of –4.5 or greater (Rector et al. 2003). This is the one of the

most important results from the SED analysis; PG 1553+11 is an exceptionally radio-weak

source for a blazar, yet its X-ray properties are strong enough to push the object from

ordinary to extreme XBL. Compared to flux ratios calculated for the previously discussed

XBLs, PG 1553+11 is significantly more extreme than Mkn 421 and Mkn 501, even in a low

X-ray state (Perlman et al. 1996).

An interesting trend emerges when examining correlations between the multiwavelength

flares versus the flux state. As discussed in Section 4.2.4, as the overall flux state of PKS

2155–304 increases, the flares across different wavebands become more clearly correlated and

the time lags across wavelengths decrease. The change in state is also reflected in the values

of log(Fx/Fr); as the flux state increases, so does log(Fx/Fr), and PKS 2155–304 becomes

a more extreme XBL, as defined by Rector et al. (2003). The same apparent relationship

between flux state and log(Fx/Fr) is present in PG 1553+11. As the X-ray flux increases,

the curvatures of both the PG 1553+11 and PKS 2155–304 spectra decrease, indicating that

the SEDs are becoming broader. The curvature decrease occurs because the power emitted

in the X-ray regime increases faster than does the optical power as the overall flux state

increases, as indicated by decreasing values of αox. These results lend support to the idea of

PG 1553+11 being very similar to PKS 2155–304.

All the examined XBLs exhibit changing spectral shapes with changes in flux state.

Specifically, the synchrotron spectra broaden as the overall flux increases. In the 2003 PG

1553+11 campaign, which contained RXTE spectral index data, the spectral index generally
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Table 4.4: XBL Synchrotron SED Fits and Flux Ratios

Object Period λmax νmaxF (νmax) a αox
b αro

b log(Fx/Fr)
b

(nm)

PG1553 2003 Apr 22− 29 157.1 5.43 1.28 0.27 −4.30

Apr 30−May 3 151.4 5.32 1.25 0.32 −4.63

May 4− 6 100.0 5.81 1.21 0.29 −4.30

May 7− 9 81.04 5.70 1.18 0.29 −4.28

May 10− 14 75.20 5.82 1.17 0.30 −4.29

PKS2155 2004 Aug 6− 7 63.29 9.65 1.16 0.26 −4.02

Aug 13 59.84 10.8 1.15 0.25 −3.96

Aug 14 77.56 11.2 1.19 0.25 −4.01

Aug 15 30.02 12.9 1.08 0.25 −3.75

Aug 20 104.8 10.7 1.23 0.24 −4.10

Aug 21 120.1 12.2 1.25 0.23 −4.08

Aug 22 136.2 12.5 1.27 0.22 −4.11

Aug 23 156.4 12.7 1.30 0.22 −4.15

1994 May 19.2 38.70 18.9 1.10 0.28 −3.98

May 19.4 23.98 20.8 1.06 0.28 −3.86

May 20.7 79.78 19.0 1.18 0.27 −4.02

1991 Nov 12 3.509 48.0 0.90 0.21 −2.97

Nov 13 3.866 43.3 0.91 0.21 −3.02

Nov 14 3.538 41.7 0.91 0.22 −3.05

Nov 15 3.086 47.4 0.90 0.21 −2.98

Mkn501 ... 0.01− 2.5 c 3.15− 60.0 c 1.15 d 0.48 d −5.16 d

Mkn421 ... 1.5− 4 e 10.7− 30.4 e 1.14 d 0.42 d −4.86 d

a In units of 10−11 erg cm−2 sec−1.
b Flux ratios defined in Chapter 3.
c Massaro et al. (2004b).
d Perlman et al. (1996).
e Massaro et al. (2004a).

decreased as the source brightened. In 1994, PKS 2155–304 exhibited the same behavior.

In 1991, the PKS 2155–304 RXTE spectral index did not significantly change during the

campaign, but the X-ray flux also did not change as much during this time as for the other
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campaigns. Mkn 421 has an X-ray spectral shape which hardens as the object brightens, or

put another way, the energy index decreases as the object brightens (Takahashi et al. 1999;

Horns 2003). Mkn 501 exhibited the same trends during its 1997 outburst (Krawczynski

et al. 2000). It appears that many XBL SEDs change shape similarly with changing flux.

4.5 Comparing XBL Results to Blazar Emission Models

In 2003, a distinct increase in brightness of about 0.1 magnitude was observed in PG 1553+11

at optical wavelengths a few days before the X-ray flare was observed. However, since

PG 1553+11 is an XBL, the X-ray emission is likely to be dominated by the high energy

synchrotron tail, so optical flares should follow corresponding X-ray flares. Thus, if the usual

hypothesis is correct, this small flare is most likely unrelated to the subsequent X-ray flare.

A larger increase in the R-band was observed in 2003 March before the RXTE campaign

began, but this occurred too far in advance of the X-ray flare for it to be likely that the

optical flare is related to any events observed during the RXTE campaign (Marscher et al.

2004).

According to the standard synchrotron jet emission model, the X-ray emission should

originate from a more compact region closer to the central engine than emission at longer

wavelengths (Urry & Padovani 1995). Thus, any flaring in the radio and optical flux should

follow a corresponding flare in the X-ray flux. The SSC model in which X-ray emission

is produced by the synchrotron process agrees with the observation that PG 1553+11 had

X-ray and optical flares that were observed less than two weeks apart in 2003 May (see

Figure 4.6). In this case, the X-ray and optical source regions are widely separated, and the

shock causing the flare is not moving very rapidly. According to this model, a radio flare

should have followed the optical flare within a few weeks (Marscher et al. 2004). However,

only a few radio observations are available during this time. The absence of significant

radio data prevents placing strong constraints on the models based on the 2003 PG 1553+11
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observations. This SSC model has been used to explain the behavior of other, more well-

studied blazars, such as PKS 2155–304 (Ciprini & Tosti 2003). PG 1553+11 is a relatively

high reshift XBL, and may be considered an extreme counterpart to low redshift XBLs.

PKS 2155–304 has exhibited a variety of multiwavelength behaviors. In 1991, the flares

at different wavelengths occurred within very short time lags of each other, but in 1994, the

flares appear to be correlated, but with time lags of a few days. Also, in the second campaign,

the amplitude and duration of the flares depends on the observed waveband (Urry 1996).

Possible explanations for the 1991 correlated flares include gravitational microlensing and a

tapered jet model (Edelson et al. 1995, and references therein). Possibilities for the 1994

correlated flares include an instantaneous injection of energetic particles in a homogenous

synchrotron source, and an inhomogenous jet model which incorporates particle acceleration

via shocks (Urry et al. 1997, and references therein). Either there were different emission

processes operating in each time, or the same model can explain both sets of observations,

but the model’s parameters drastically changed from one campaign to the next (Urry 1996).

All models discussed follow the general SSC framework. During the 2004 PKS 2155–304

campaign, several flares were observed at X-ray and optical wavelengths but, in stark contrast

to previous campaigns, the 2004 flares do not seem to be related. This lends more support

to the idea that different emission regions were more spatially separated during the 2004

campaign than in 1991 and 1994. Each epoch may have also featured different Doppler

factors.

Multiple high energy campaigns have been carried out on Mkn 421 and Mkn 501 through-

out the past couple of decades (e.g., Takahashi et al. 1999; Horns 2003; Krawczynski et al.

2000). SSC models have consistently been successful in fitting the resulting simultaneous

SEDs, albeit with different parameters. During a 1994 multiwavelength campaign on Mkn

421, a homogenous SSC model was successfully applied to the simultaneous multiwavelength

SED, with a sudden increase in the maximum energy of the jet electrons employed to explain
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rapid X-ray and TeV flaring activity (Mastichiadis & Kirk 1997). During 1997 X-ray and

TeV flares in Mkn 501, a modified homogenous, one-zone SSC model was also successfully

applied (Ghisellini 1998).

4.6 Conclusions

A major X-ray flare, spanning ∼2 weeks, was observed for PG 1553+11, during which the

X-ray flux more than tripled. Coordinated optical observations detected an optical flare

which followed the X-ray flare by 12 days and which may be related to it. However, due

to the termination of the X-ray monitoring, the case for this relationship, while plausible,

cannot be convincingly made. Radio observations covering this same time interval show little

variability. Optical intraday observations of PG 1553+11 display no significant evidence

of microvariability (Osterman et al. 2006). There were distinct optical and X-ray flares

present in the 2004 PKS 2155–304 campaign; however, there is no clear correlation between

the flaring activities in different wavebands. Consequently, no new constraints on emission

models can be established. It is exciting (and intriguing) that although three different

campaigns on the object each exhibit prominent flaring activity, its nature was different

each time.

Clear trends emerged in the behavior of the examined XBLs. Very little microvariabilty

is exhibited by these objects, with the exception of Mkn 501. These objects are all observed

as being bluer when brighter. In depth spectral analysis was done for the PG 1553+11 and

PKS 2155–304 campaigns. This analysis was compared to previous work on PKS 2155–304,

Mkn 421, and Mkn 501. The result is that XBLs seem to generally follow a SSC model,

even though the parameters of the model vary from object to object, and even from one flux

state to another for each object.

Exciting, albeit tentative, results emerged from examining only the PKS 2155–304 cam-

paigns. As the object’s flux state increases, the time lags between multiwavelength flares
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decrease, and the difference in flare amplitude decreases. During a high flux state, flaring

was consistent with a highly relativistic shock travelling a short distance through the jet

between X-ray and optical emission regions. During a low state, the flaring could be due

to something other than the jet, for example the accretion disk (Mangalam & Wiita 1993),

explaining the observed lack of clearly correlated multiwavelength activity in 2004. These

differences in correlated flaring activity could also come from a “swinging” jet which has a

constant Lorentz factor, but small changes over time in the angle between the jet and the

observer (Gopal-Krishna & Wiita 1992). All of the observed flaring activity was consistent

with the synchrotron process. Flares in the X-ray lead longer wavelength flares, and were

of larger amplitude. An interesting future prospect would be to conduct more simultaneous

multiwavelength campaigns on other XBLs to see if similar patterns emerge.
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– 5 –

The Radio Selected BL Lacs

In this chapter, the results from campaigns on three RBLs will be presented and discussed.

Recent campaigns on two objects are compared with a new analysis of simultaneous archival

data on a third object. All of the new campaign results are compared to the results from

previous campaigns on other RBLs in order to find significant common trends in the behavior

of RBLs as a group.

Historically, many of these objects were first identified as OVVs because of their strong

optical variability. However, since OVVs and RBLs have consistently been found to ex-

hibit similar variability and spectral properties, the objects from these two classes will be

considered as a single class.

5.1 Selected RBLs

The first simultaneous multiwavelength campaign performed on CTA 102 was initiated in

Spring, 2005. This object, also known as 2230+114, has a redshift of 1.037 (Schmidt 1965),

and was first identified as a radio source by the Caltech Radio Survey (Harris & Roberts

1960). Sandage & Wyndham (1965) confirmed that it was a quasar, and a blue stellar optical

counterpart was found soon after (Wyndham 1965). CTA 102’s optical polarization, observed

at nearly 11%, put it in the class of High Polarization Quasar (HPQ)s, objects which exhibit

optical light polarization of at least 3% (Moore & Stockman 1981). Its spectral properties

identify it as an OVV (Maraschi et al. 1986). Variability in CTA 102 was observed in the

radio (Hunstead 1972) and optical bands (e.g., Pica et al. 1988) for CTA 102 as early as the

late 1960’s (Barbieri et al. 1978). Snellen et al. (2002) measured a radio flux of almost 3.7 Jy
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Figure 5.1: Optical field of view of CTA 102.

at 4.85 GHz for this object. There are several gamma ray detections of this object reported

by the EGRET mission (Hartman et al. 1999).

PKS 1622–297 has not been well studied, probably, in large part, due to its faintness

and its location close to the galactic center. This object was detected in the Parkes Catalog

(Shimmins & Bolton 1974). Radio observations and spectral studies by Kuehr et al. (1981)

indicated that it was a blazar, whose optical counterpart was found by Torres & Wroblewski

(1984). Wright & Otrupcek (1990) report a redshift of 0.815. Its SED (e.g., Mattox &

Wagner 1996) identifies it as an RBL. It was observed several times with EGRET (Hartman

et al. 1999), which detected a large high energy flare in 1995 June (Mattox & Wagner 1996).

This flare was the largest EGRET flare observed for any blazar, with a photon flux of 21±7×

10−6 cm−2 sec−1 at E > 100 MeV (Mattox & Wagner 1996). Few multiwavelength campaigns

have been performed on PKS 1622–297, and none of them incorporate simultaneous X-ray,
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Figure 5.2: The long-term R-band light-curve of CTA 102. Data are listed in Tables C.1,
D.4, and F.9.

optical, and radio observations.

PKS 1156+295 has been the subject of radio and optical observations for several decades.

This object was first identified with the blue stellar object TON 599 by Iriarte & Chavira

(1957). Burbidge (1968) established a redshift of 0.729. It was first identified in the radio

regime as 4C 29.45 (Pilkington & Scott 1965). The optical counterpart of this source was

identified by Olsen (1970). Subsequent optical observations revealed PKS 1156+295 to be

an OVV (Stockman 1978) and an HPQ (de Francesco et al. 1999). This object is known

to exhibit large variations in its optical flux. Its magnitude has been observed to brighten

from 18.46 to 13.16 over about 300 days in the R-band (de Francesco et al. 1999). Optical

variations on timescales of a few hundredths of a day were observed in this object as early
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Figure 5.3: Optical field of view of PKS 1622–297, B-band check stars labeled.

as 1981 (Grauer 1984). More recent variability investigations were carried out by Nair et al.

(1997). PKS 1156+295 is one of the EGRET blazars, exhibiting several strong detections and

a particularly large gamma ray outburst in 1993 November (Hartman et al. 1999). Some

of the EGRET observations coincide with optical and radio observations, thus allowing

simultaneous multiwavelength analysis to be performed using only archival data.

An optical finder chart and long-term R-band light-curve for CTA 102 are in Figures 5.1

and 5.2, respectively. Similar pairs of charts and light-curves for PKS 1622–297 and PKS

1156+295 are given in Figures 5.3 and 5.4, and Figures 5.5 and 5.6, respectively.
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Figure 5.4: The long-term R-band light-curve of PKS 1622–297. Data from 1995 to 2002
were published in McFarland (2005). See Tables E.4 and F.10 for more recent data.

5.2 Optical Microvariability

RBLs as a class typically exhibit strong optical microvariability on time scales as short as

several minutes. The first RBL microvariability observations were of BL Lac, the prototype

of its class (Racine 1970; Miller et al. 1989). In more recent observations of BL Lac, Böttcher

& Reimer (2004) observed ∆R of ∼ 0.35 magnitudes (or ∆F/F of ∼ 0.4) over 1.5 hours,

Nikolashvili & Kurtanidze (2005) observed a change in R of 0.10 ± 0.01 magnitudes within 1

hour, and Beńıtez & Ramı́rez (2006) observed ∆R of 0.147± 0.020 magnitudes over 2.5 hours.

Observations from 1989 to 2002 of 3C 279 found several instances of R-band microvariability

during many different overall flux states (Balonek & Kartaltepe 2002a,b). In this object, the
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Figure 5.5: Optical field of view of PKS 1156+295.

optical polarization has also been found to exhibit microvariability (Andruchow et al. 2003).

Howard et al. (2004) observed R-band microvariability in 3C 345. They also note that there

was no apparent correlation between occurence of microvariability and overal flux state of

the object.

In this section, the R-band microvariability exhibited by the selected RBLs will be ex-

amined. The R-band is often used for optical microvariability studies because the quantum

efficiency of CCD detectors usually peak in this region and the contribution of the sky is

less than in the U-, B-, or V-bands. The measured brightness of the object with respect to

the background in the R-band allows for shorter exposure times to reach similar S/N levels.

Hence more exposures can be taken per night and variability can be examined on the short-

est time scales possible using the R-band. The characteristics of the microvariability will be
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Figure 5.6: The long-term R-band light-curve of PKS 1156+295. Data from 1995 late
April/early May (open squares) was published in Raiteri et al. (1998b). All of this data is
listed in Tables F.12 and F.13.

examined for patterns in the rates of increase and decrease of flux, dS/dt, and changes in how

rapidly the flux is changing, d2S/dt2 (see Chapter 3). The former will be referred to as the

speed of variability, the latter the acceleration. A positive variability speed means that the

flux is increasing over the measured time interval; a negative variability speed means that

the flux is decreasing. A positive acceleration indicates that the variability timescales are

decreasing and the object’s flux is undergoing more rapid variations. A negative acceleration

means that the variability timescales are increasing. Prominent rapid flares and dramatic

brightness changes will also be illustrated with differential magnitude light-curves. In this

format, small but significant changes can be verified against the stability of the two best
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Figure 5.7: Rapid R-band optical flux changes exhibited by CTA 102 during 2004 September.

check stars from a given night.

While blazars are usually also relatively bright in the I-band, the R-band is still most

frequently chosen for nightly observations and longterm blazar monitoring. By obtaining R-

band microvariability observations, direct comparisons can be made between the character

of the microvariability and the overall flux state of the object at the time.
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5.2.1 2004 Observations of CTA 102

During a 2004 September observing run on the Lowell Observatory Perkins telescope, a

routine observation of CTA 102 was made for longterm light-curve purposes. This object is

usually relatively dim and much fainter than optical check stars 1 and 2. We found CTA

102 to be in a flare state, appearing at least as bright as the two check stars. As a result

of this detection, we made this object the main focus of that observing run, and of the

subsequent Lowell Perkins time in October. The intensive R-band observations from those

periods are listed in Table C.1. The observed R-band fluxes are displayed in Figures 5.7 and

5.8. Selected differential magnitude light-curves are displayed in Figure 5.9.

During September, four consecutive nights provided good observing condtions. For the

first two nights and most of the third, the amplitude of the speed of the variability remains

low and very steady. As illustrated in Figure 5.7, the flux clearly changes with time, but no

particularly rapid variations take place. However, during the last part of the night of the

23rd, the amplitude of the variability speed more than doubles by the end of the night, and

more than triples again during the 24th. As the speed amplitudes increase, they become

positive more often than negative, indicating an overall increase in flux during the 24th.

The variability accelerations increase steadily from night to night, with the amplitude of

that parameter increasing by about two orders of magnitude from the 21st to the 24th. The

steady increases in acceleration mean that variability occurs over shorter timescales with

each night.

In October, all six nights of the observing run had good observing conditions. The

amplitude of the variability speed decreases steadily over the 6 nights. No patterns or trends

appear in the variability speeds, except on the 5th. The speeds are much more negative than

positive on this night, reflecting the overall flux decrease shown in Figure 5.8. The variability

acceleration amplitudes show an overall decrease over the 6 nights. They decrease by a factor
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of three from the 4th to the 5th, remain steady for the next few nights, and on the last night

decrease by a third. No nightly patterns emerge in the accelerations. Over the course of the

October observations, the accelerations decrease, meaning that the variability timescales are

becoming longer.

This campaign captured some extremely rapid optical flares and very dramatic changes

in brightness (see Figure 5.9). The observations from September 21 and October 4 display

some of the most well-defined, rapid flaring events ever observed. Early in the night of the

21st, CTA 102 brightens by about 0.06 magnitudes (3.5σ) in about 0.01 days, or less than

15 minutes. During the latter part of the observations on October 4, one observes a 0.07

magnitude increase (4.7σ) over 0.01 days followed by a symmetrical decrease. About half

an hour later, an increase of 0.04 magnitudes (2.7σ) over 0.01 days is immediately followed

by a decrease of 0.09 magnitudes (6.0σ) over the same amount of time. This flare is strange

because it is not symmetric, as is usually the case in blazars. However, the difference in

check star magnitudes becomes less stable during the decrease in brightness. Perhaps the

0.09 magnitude decrease did not happen as linearly as it appears in the plot.

The light-curves from October 5 and 7 stand out with steady increases or decreasses in

flux over most of each night. On October 7, an increase in brightness of 0.1 magnitudes

(6.3σ) over about 5.5 hours was observed. On October 5, an even more dramatic decrease

of over 0.3 magnitudes (∼ 19σ) over 6 hours was observed. Several small amplitude events,

changes in the brightness of CTA 102 of only about 0.02 magnitudes over several minutes,

are clearly present while the differences in check star magnitudes remain steady. However,

at less than 2σ in size, these small flares are not statistically significant.

Some comparisons can now be made between the behavior of CTA 102 on very short

time scales with its behavior over the course of several days to several years (see Figures 5.2

and 5.10). The most striking result is that CTA 102 was brighter on 2004 October 4 than

for any other observed time in the past decade, with R ∼ 14.5 at the peak. Over the next
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Figure 5.8: Rapid R-band optical flux changes exhibited by CTA 102 during 2004 October.
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Figure 5.9: Prominent R-band optical microvariability exhibited by CTA 102 during 2004.
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Figure 5.10: R-band light-curve of CTA 102 from 2004 September and October.

three days, the object plummeted in brightness by 1.2 magnitudes. Even in the lowest state

from the 2004 campaign, the object was still in a relatively bright state. The flux state

throughout the 2004 September observations remains steady in contrast, with brightnesses

hovering roughly between R 14.7 and 15.1.

There is an apparent correlation between the amplitude of the flux variability acceler-

ation amplitudes and the overall flux state of CTA 102. The accelerations reached their

largest amplitudes on 2004 September 23 and 24, and on October 4 when the object was

at its brightest observed state. The remaining amplitudes were all at least a factor of ten

smaller. Near the time of peak brightness, the acceleration amplitudes were the largest.

The amplitudes increased as the time of peak brightness approached, even though the flux



82

-12.00
-8.00
-4.00
0.00
4.00
8.00

12.00

0.50 0.55 0.60 0.65 0.70 0.75 0.80

d2 S/
dt

2

Julian Date (+2453899)

-0.030
-0.020
-0.010
0.000
0.010
0.020
0.030

dS
/d

t

0.0007

0.0008

0.0009

0.0010

S 
(J

y)

PKS1622-297, R-band flux variability, 2006 Jun 13

-6.00
-4.00
-2.00
0.00
2.00
4.00
6.00

0.55 0.60 0.65 0.70 0.75 0.80

d2 S/
dt

2

Julian Date (+2453921)

-0.025
-0.015
-0.005
0.005
0.015
0.025

dS
/d

t

0.0011
0.0012
0.0013
0.0014
0.0015

S 
(J

y)

PKS1622-297, R-band flux variability, 2006 Jul 5

Figure 5.11: Rapid R-band optical flux changes exhibited by PKS 1622–297 during 2006
June and July.

decreased from September 23 to 24. The amplitudes were already starting to decrease by

the time observations started in October, and it is possible that the object’s true maximum

brightness went unobserved. As CTA 102’s flux state increased, the rapidity of the optical

microvariability generally increased, as measured by the flux variability acceleration.

5.2.2 2006 Observations of PKS 1622–297

During the multiwavelength campaign on PKS 1622–297 in 2006, microvariability observa-

tions were obtained on June 13 and July 5. These data are listed in Tables E.5 (R-band) and

E.7 (I-band). The data from both of these nights were 4-point binned in order to reduce the

noise in the data. Since the flux data were binned, the variability speeds and accelerations

were each calculated from point to point. The observed R-band flux variability on these

nights is displayed in Figure 5.11. Although observations on the first night were significantly

more intensive than on the second, good comparisons can still be made. The flux varies at

low speeds on both nights. On July 5, the variability speeds are more often negative than

positive, reflecting a steady decrease in flux. No significant rapid changes in flux occur on

either night, but a small, broad flare is observed on June 13 and an overall flux decrease
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Figure 5.12: Very rapid R-band and correlated I-band optical microvariability exhibited by
PKS 1622–297 during 2006 June & July.

throughout the night is apparent on July 5.

The PKS 1622–297 data from both nights displays distinct microvariability, as displayed

in Figure 5.12. The June 13 data shows an increase of 0.1 magnitudes over 45 minutes in the

middle of the night. Near the end of the night, a sharper decrease of 0.1 magnitudes occurs

in about 15 minutes. Both of these events are clearly present in the differential magnitude

results shown in Figure 5.12, but are of only ∼ 1.5σ, so are not statistically significant. The

July 5 data are sparser than that from June 13, but correlated activity is observed in the

R- and I-bands. Both wavebands display a decrease in brightness of 0.18− 0.20 magnitudes
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Figure 5.13: Rapid R-band optical flux changes exhibited by PKS 1156+295 during 1994
January.

(4.0− 4.4σ) over the course of the night, about 7 hours.

The longterm lightcurve, displayed in Figure 5.4, indicates that during the year 2006, PKS

1622–297 reached the brightest observed state in about 9 years. The object was observed

at R ∼ 16.3 to 16.5 magnitudes on June 13, and 15.8 to 16.0 on July 5. The brightness on

these nights did not approach the 2006 maximum brightness of about 15.65, but they were

significantly brighter states than those observed in most previous years.
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5.2.3 1994 Observations of PKS 1156+295

In 1994 January, intensive optical observations were performed by John Noble on PKS

1156+295 from Lowell Observatory. These observations included three consecutive nights of

intensive R-band microvariability data, listed in Table F.13. The flux variability on these

nights is shown in Figure 5.13. The flux changes slowly but steadily on January 19, increasing

over the course of the night, as reflected in the nearly all positive variability speeds. The

amplitude of the variability speed remains low and steady through January 20, though with

more negative than positive speeds on the second night. The speed amplitude triples at the

beginning of January 21 as the object undergoes a well-defined optical flare. After the flare,

the speed amplitudes return to values resembling those found on the previous two nights

and the flux remains steady. The variability acceleration amplitudes double from January

19 to 20, and more than double again on January 21. The largest acceleration amplitudes,

coinciding with the flare, are observed on January 21.

The field of view of PKS 1156+295 (Figure 5.5) stands out because of the separation of

the object from the calibrated check stars. This can make observing the object and the check

stars in the same frame difficult for telescope/instrument combinations with small fields of

view, as was the case for the 1994 January observations. In order to observe short time scale

changes in object brightness, but still obtain closely temporally correlated observations of

the check stars, the best solution was to collect only a few check star observations each night

interspersed with the more numerous PKS 1156+295 frames. The photometry results from

each check star frames are then matched with the closest object images. The result is that

the check star differences do not change with every object observation (see Figure 5.14).

Large changes in magnitude indicated by changing differences between the object and both

check stars are still reliable. However, small changes cannot be confirmed due to the lack of

continuous monitoring of the check star differences.
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Figure 5.14: Very rapid R-band optical microvariability exhibited by PKS 1156+295 during
1994 January.

Each night in 1994 January displays large amplitude microvariability events. January

19 exhibits a gradual brightening of 0.15 magnitudes (15σ) over about 2.4 hours. The next

night shows many rapid increases and decreases in flux. In the first half of the night, PKS

1156+295 brightens by 0.12 magnitudes (12σ) in about 15 minutes, then decreases at the

same rate almost an hour later. Near the end of the night, the object brightens by 0.10

magnitudes (10σ) over about 7 minutes. The largest flare occurs on January 21. The object

brightens by 0.22 magnitudes (22σ) over about 21 minutes, then immediately decreases by

the same amount on a similar timescale. Several small scale events, changes of 0.02 or so
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Figure 5.15: R-band light-curve of PKS 1156+295 from 1994 January.

magnitudes, appear to occur throughout each night, but these cannot be reliably confirmed.

The longterm PKS 1156+295 light-curve (Figure 5.6) displays a range of almost 4 mag-

nitudes. During the 1994 January observations, displayed in Figure 5.15, the object is in a

very bright state, ranging from R 15.50 to 15.27. The only brighter observed state occurs the

next year, with R around 15.0 to 14.4 (Raiteri et al. 1998b). The object gradually brightens

during January 19−21, although the intranight variations cover most of the internight range.

During the same time, more rapid higher amplitude flux variations also occur. The vari-

ability acceleration amplitudes increase, and become more often positive than negative. It

appears that PKS 1156+295 undergoes more rapid high amplitude variations as the overall

flux state increases, though this suggestion is based on only three nights of data.



88

Table 5.1: Summary of 2005 CTA 102 Observations

Spectral Band Observatory Dates of Obs. # of Obs.

2− 10 keV RXTE 2005 Sep 25−Oct 15 35

2006 Feb 2− 8 3

B-band Lowell 2005 Oct 10− 11 9

SMARTS 2005 Sep 8−Nov 25 10

V-band Lowell 2005 Oct 10− 13 18

SMARTS 2005 Sep 8−Dec 12 10

R-band Lowell 2005 May 8− 11 7

2005 June 26− 28 6

2005 Sept 12− 14 9

2005 Oct 10− 13 161

2005 Dec 10− 13 6

Foggy Bottom 2005 May 5−Sep 12 19

SMARTS 2005 Sep 3−Dec 12 14

14.5 GHz UMRAO 2004 Jan 1−2006 Jan 30 88

8.0 GHz UMRAO 2004 Jan 2−2006 Jan 19 42

4.8 GHz UMRAO 2004 Apr 22−2006 Feb 1 29

5.3 Multiwavelength Observations

Over the past year, two new blazar multiwavelength campaigns were performed on two

objects. The chosen objects, PKS 1622–297 and CTA 102, had never before been studied in

multiple wavebands simultaneously. The campaigns were initiated as a result of an RXTE

ToO program. In this section, the results of these campaigns will be discussed in detail and

will be compared with results from previous multiwavelength campaigns on other RBLs.
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Figure 5.16: Simultaneous multiwavelength CTA 102 data taken in 2005. The error bars are
frequently smaller than the plotted points.

5.3.1 2005 Observations of CTA 102

Regular optical monitoring of CTA 102 began in 2005 May from Foggy Bottom Observatory

and Lowell Observatory. The magnitude required to trigger the RXTE observations, R of 16.0

or brighter, was reached in late September 2005. The RXTE campaign extended from 2005

September 24−October 16 and all the X-ray data obtained from this campaign are listed

in Table D.1. Throughout the RXTE campaign, regular optical observations were made

through the SMARTS program. In addition, intensive optical observations, particularly in

the R-band (see Table D.5), were made from Lowell Observatory in mid-October. These
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observations did not contain any well-defined microvariability like that observed in 2004.

CTA 102 had been regularly monitored in three radio frequencies from UMRAO since early

2004, and more intensive 14.5 GHz observations were made during the RXTE campaign.

These data, extending to early 2006, are listed in Table D.6. Following the conclusion of the

RXTE campaign, optical monitoring via SMARTS continued into December, supplemented

by one additional Lowell Observatory run in December. Tables D.2 (B-band), D.3 (V-band),

and D.4 (R-band) list all the optical monitoring data obtained on CTA 102 during the 2005

observing season. In early 2006, UMRAO monitoring detected a large increase in the object’s

14.5 GHz flux. No optical data could be obtained at this time because the object was too

close to the Sun. However, a few RXTE observations were obtained, and are included in

Table D.1. A summary of all data discussed in this section is given in Table 5.1.

The multiwavelength observations of CTA 102 throughout 2005 and early 2006 include

many interesting events. As displayed in Figure 5.16, prominent flares occurred in all three

observed regimes. The RXTE campaign observed the decline of a large flaring event in which

the X-ray flux changed by at least a factor of two (6−7σ). The optical observations captured

a few flares of 2 − 5σ increases in flux, with simultaneous, correlated behavior observed in

the B-, V-, and R-bands (see Figure 5.17). An optical flare starting in late September

declines at the same time as the observed X-ray flux decline, and appears to be simultaneous

within the time resolution of the observations. The multiband radio observations displayed in

Figure 5.18 include all data from 2004 to early 2006. The 14.5 GHz flare is readily apparent

and it is followed by an increase in the 8.0 GHz flux. Both of these events have a significance

of at least 4σ. The flux at 4.8 GHz remains flat throughout the observations. The X-ray

observations from 2006 February are sparse, but display a sharp increase in flux of about 9σ

occuring near the time of the 14.5 GHz flare. The X-ray flux at this time is lower than that

observed in September.

The early X-ray observations indicate that the RXTE campaign began near the peak of
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Figure 5.17: Multiwavelength optical data from the 2005 CTA 102 campaign.

the X-ray flare. Assuming the flare was symmetrical, which is usually the case in blazars,

this flare almost doubled the X-ray flux and lasted about 20 days. The optical flare was

not as intensively observed, but the activity is clearly correlated across all optical bands.

The optical flux doubles over the course of about 10 days, making this flare very similar

in structure and timescale to the X-ray flare. The observed strong increase in radio flux

begins simultaneously with the X-ray and optical events. The 14.5 GHz flare, beginning at

a flux around 3.5 Jy, does not double over the course of our observations. However, our

observations stop before the radio flux begins to decline, so it is not clear what was the true

peak flux value. What is clear is that the 14.5 GHz flare is much broader than the X-ray
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and optical flares, taking at least 140 days just to reach the observed peak.

While it is unclear whether the optical and radio behaviors of CTA 102 are correlated

during some intervals in 2005, there are times when there appear to be no correlations

present. Tornikoski et al. (1999) also observed a simultaneous radio/optical flare in this

object, in mid-1997. However, these flares were very similar in duration as well as amplitude,

exhibiting fluxes in both bands that increased by a factor of 2–2.5 and lasted about 70-75

days. Tornikoski et al. (1999) note that, in 1996, a rapid optical flare was observed without

any observed correlated radio activity. As discussed in Chapter 5.2.1, a huge R-band flare was

observed in 2004. However, the longterm radio behavior displayed in Figure 5.18 shows no
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Figure 5.19: Simultaneous multiwavelength PKS 1622–297 data taken in 2006. The error
bars are frequently smaller than the plotted points.

radio frequency flaring events around the time of the 2004 optical flare. These observations

strongly suggest that different emission mechanisms are dominant at different times in CTA

102.

5.3.2 2006 Observations of PKS 1622–297

The optical campaign for PKS 1622–297 began in late March using telescopes in the SMARTS

program. The optical brightness showed a steady increase throughout May, allowing the

RXTE ToO on this object to be triggered at R brighter than 16.5. Coordinated multifre-
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Table 5.2: Summary of 2006 PKS 1622–297 Observations

Observatory Spectral Band Dates of Obs. # of Obs.

RXTE 2− 10 keV 2006 May 31, Jun 27−Jul 23 43

PROMPT2 B-band 2006 Jun 29−Jul 15 4

PROMPT4 V-band 2006 Jun 29−Jul 21 12

R-band 34

I-band 32

SMARTS B-band 2006 Mar 31−Aug 10 43

V-band 44

R-band 45

CTIO 1.0m R-band 2006 Jun 13 61

UMRAO 14.5 GHz 2006 May 31−Aug 4 7

8.0 GHz 2006 May 29−Jul 13 6

4.8 GHz 2006 Jun 4−Jul 29 3

quency radio observations began at UMRAO near the same time. In mid-June, intensive

R-band observations were obtained using the 1.0m telescope at CTIO (see Table E.5). Radio

and optical observations of this object were obtained regularly throughout June, but near

the end of the month we learned that RXTE observations had only been taken on May 31.

Due to an error in communication, the RXTE staff did not implement the observations even

though the request had been submitted. The full RXTE campaign on PKS 1622–297 was

initiated at the end of June, lasting from June 27 to July 23. All 2006 X-ray observations

are listed in Table E.1. During this time, regular observations continued from UMRAO and

through SMARTS. Optical BVRI observations were also obtained from the PROMPT2 and

PROMPT4 telescopes at CTIO. These data include intensive R- and I-band observations on

July 5, listed in Tables E.5 and E.7, respectively. The faintness of the object, particularly

in the B- and V-bands, prohibited reliable, intensive observations on the remaining nights.

Consequently, only nightly averages were used for the majority of the PROMPT data. All
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Figure 5.20: Multiwavelength optical data from the 2006 PKS 1622–297 campaign.

SMARTS and nightly averaged PROMPT data are given in Tables E.2 (B-band), E.3 (V-

band), E.4 (R-band), and E.6 (I-band). All UMRAO data, lasting into early August, are

listed in Table E.8. A summary of all 2006 PKS 1622–297 observations is given in Table 5.2.

The multiwavelength observations of PKS 1622–297, shown in Figure 5.19, display in-

teresting flaring activities in the optical and X-ray regimes. The June and July RXTE

observations appear to capture the peak and decline of a flare several σ in size. The optical

data show two well-defined flaring events. The first occurs at the end of May, the second

in early July. A third, sparsely sampled, sharp increase in flux occurs in early August. All

of these events are present and correlated in the B-, V-, and R-bands, as displayed in Fig-
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ure 5.20. The flares occur simultaneously in these bands, down to the time resolution of the

observations. The sampling of the radio data is much sparser than that in the optical and

X-ray bands, but still yields interesting results. The 14.5 GHz data show a steady overall

increase in flux throughout the summer, and the 8.0 GHz data show a sharp increase in flux

of about 0.2 Jy, of 10σ significance, over 5 days in early June.

During the 2006 campaign, many optical and X-ray flaring events were observed. The X-

ray flare, assuming the peak was observed in late June and assuming the flare is symmetrical,

lasted about 40 days. The flux peaked around July 1 and changes by a factor of two from

peak to end. There were three prominent optical flaring events. The first event featured a

tripling of flux, the second a little more than a doubling, the third around a factor of 2.5

increase. The flux increase of the second flare matches best with that of the X-ray flare.

However, this flare was more rapid than the X-ray flare, lasting only about 10 days. The

earlier optical flare was the broadest, lasting about 20 days, but this timescale was still

shorter than that of the X-ray flare. The first optical flare peaked around May 31, leading

the X-ray flare peak by a month. The second optical flare peaked around July 6, following

the X-ray peak by only a few days. The later increase in optical flux appears to be too steep

and too rapid to be readily related to the X-ray flare. The 2006 X-ray and optical flaring

events observed in PKS 1622–297 do not appear to be correlated.

The radio observations are comparatively sparse during this time, but a radio-optical flux

correlation may still be present. The broad 14.5 GHz flux increase may be related to the

optical flare in early June. This radio flux increase appears to lag the optical flare by about

a month, but the lack of radio data around that time prohibits solidly determining when the

flux increase began.
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5.3.3 Observed Multiwavelength Behavior of RBLs

The recent campaigns on CTA 102 and PKS 1622–297 display different relationships in their

multiwavelength behavior. Multiwavelength observations of other RBLs also exhibit a small

variety of results.

BL Lac has frequently been the subject of multiwavelength campaigns. Recent obser-

vations of BL Lac by Böttcher et al. (2003) find a low-significance detection of a 15 day

lag between 22 GHz and 14.5 GHz radio light-curves, with the higher frequency leading

the lower. They also report a possible 4–5 hour lag between BeppoSAX X-ray and optical

R-band light-curves, with the X-ray leading the optical, but this correlation was not statis-

tically significant. Villata et al. (2004a) report well-correlated radio events in BL Lac, with

the higher frequencies leading the lower. Lags between contiguous radio wavebands last a

few weeks, while the lowest frequencies lag behind the highest by a few months (Villata et al.

2004a). They also report a correlation between harder, higher frequency radio events and

optical events, with the optical leading the radio by about 100 days.

Many studies have also been done on the bright RBL 3C 279. Hartman et al. (2001b)

report the results of two such campaigns, from 1999 and 2000. Though the data were

somewhat sparse, correlations in the high energy data were found in both campaigns. In

1999, the γ-rays lead the X-rays by several days. However, in 2000, events in the two

wavebands appear to be simultaneous (Hartman et al. 2001b). Also in 1999, similarities in

the γ-ray and optical light-curves were found, with γ-ray events leading the optical by 2–3

days. However, no correlation between the two wavebands was found in 2000 (Hartman et al.

2001b). Longterm 22 and 37 GHz monitoring by Teräsranta et al. (2005) displays several

correlated radio events, with the higher frequency leading the lower by six months or less.

An intensive multiwavelength campaign was performed on 3C 345 in 1991, the results

of which are published in Webb et al. (1994). In this campaign, the radio activity was
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monitored at several frequencies. Flux increases at 22 GHz lead those at 8 GHz by about

200 days, which lead those at 4.8 GHz by about another 200 days (Webb et al. 1994). The

high frequency radio flux increase occurred simultaneously with an optical flare. The radio

flare lasts for at least 400 days, while the optical flare only lasts for about 200 days (Webb

et al. 1994).

Some comparisons can be made between the campaigns in the present investigation and

the previous campaigns. The most obvious connection is the similarities in radio behavior.

CTA 102, BL Lac, 3C 279, and 3C 345 all exhibit correlated radio events in which the

higher frequencies lead the lower by a few weeks to a few months. Different radio and

optical correlations appear in different campaigns. CTA 102 and 3C 345 have both exhibited

simultaneous optical and high frequency radio events. However, BL Lac and possibly PKS

1622–297 have exhibited correlated but non-simultaneous optical and radio events in which

the optical leads the radio. Large optical flares in CTA 102 have occurred with no observed

radio counterpart.

Comparisons can also be made between optical and X-ray events in these objects. In

2005, CTA 102 exhibits near-simultaneous declines in X-ray and optical flux, indicating a

possible simultaneous flare. BL Lac has also exhibited possibly correlated optical and X-

ray activity, with the X-ray leading the optical by a few hours. The 2006 PKS 1622–297

campaign observed clear flaring events in both wavebands, but no clear relationship could

be established between the optical and X-ray activity. It appears that different mechanisms

or geometries may be present at different times in RBLs.

5.4 Surprise! Redder when Brighter

An exciting, new, result emerged from the recent multiwavelength observations when the

optical wavebands alone were closely examined. Figures 5.21 and 5.22 display only the

optical flux data from the 2005 CTA 102 and 2006 PKS 1622–297 campaigns, resectively.
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Figure 5.21: Multiwavelength optical CTA 102 data demonstrating redder-when-brighter
flux behavior.
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In each figure, the top graph shows the structural similarity of the flaring activity across

the optical wavebands. The bottom graph examines the amplitude of the flaring activity by

displaying the flux observed for each object on the same scale. For each object, the flare

amplitudes increased from shorter to longer wavelengths. This trend is particularly well-

defined in PKS 1622–297, where I-band, as well as B-, V-, and R-band, observations were

obtained. Contrary to what was expected from most previous observations of blazars, each

object became redder when brighter, not bluer.

This surprising find in both CTA 102 and PKS 1622–297 lends strong support to the

claims made on the few other occasions when this trend was observed. The first object

reported to exhibit this effect was 3C 446 (Miller 1981). More recently, Ryle et al. (in

preparation) found 3C 454.3 to be redder when brighter during its dramatic outburst in

2005. Gu et al. (2006) also observed 3C 454.3 to be redder when brighter, and also seemed

to see this behavior in PKS 0420-01 and 3C 345, although the effect was much stronger in

3C 454.3. Archival observations of 3C 345 also show redder when brighter behavior (see

Table 5.3). All of these objects are classified as FSRQs as well as OVVs.

Conversely, many RBLs feature bluer when brighter optical spectra. BL Lac exhibited

this trend during outbursts in 1997 (Nikolashvili & Kurtanidze 2005) and 2001 (Villata et al.

2004b; Stalin et al. 2006). Gu et al. (2006) also finds BL Lac to be bluer when brighter,

along with 3C 66A, PKS 0735+17, and OJ 287. These objects are classified as LBLs. Villata

et al. (2004b) observed BL Lac to become redder when in a fainter state, but observations

by Beńıtez & Ramı́rez (2006) found BL Lac to be neither bluer nor redder when fainter.

5.5 SED Analysis

The simultaneous multiwavelength data included in this study will now be examined to

investigate the changing spectral properties of the selected RBLs. For CTA 102, PKS 1622–

297, and PKS 1156, the radio through UV emission is believed to be due to the synchrotron
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Table 5.3: Archival 3C 345 Color Index Data a

UT Date B V B–V

1971 Jul 18 15.51 ± 0.18 15.12 ± 0.11 0.39

1971 Aug 27 15.50 ± 0.27 15.37 ± 0.07 0.13

1971 Sep 22 15.47 ± 0.10 15.06 ± 0.06 0.41

1971 Oct 09 15.42 ± 0.08 14.79 ± 0.13 0.63

1971 Oct 11 15.33 ± 0.09 14.74 ± 0.17 0.59

1971 Oct 12 15.34 ± 0.04 14.92 ± 0.03 0.42

1972 May 21 15.98 ± 0.05 15.74 ± 0.08 0.24

1972 Jun 03 16.26 ± 0.04 15.98 ± 0.09 0.28

1972 Jun 04 16.15 ± 0.02 15.98 ± 0.14 0.17

1972 Jun 09 16.58 ± 0.15 16.05 ± 0.06 0.53

1972 Jun 12 16.20 ± 0.14 16.01 ± 0.11 0.19

1972 Jun 14 16.23 ± 0.09 16.13 ± 0.19 0.10

1972 Jul 03 16.43 ± 0.11 15.67 ± 0.14 0.76

1972 Jul 09 15.93 ± 0.13 15.71 ± 0.09 0.22

1973 Jul 24 16.72 ± 0.12 17.22 ± 0.05 –0.50

1973 Jul 26 16.83 ± 0.17 17.11 ± 0.11 –0.28

a All data published in Webb et al. (1988).

process. Any γ-ray emission is believed to be due to the IC process. In these objects, the

X-ray emission could be due to either process. In order to properly fit the SEDs of CTA

102 and PKS 1622, the optical regime spectral shape and corresponding X-ray regime power

were used as an indication of whether the synchrotron spectrum extended into the RXTE

regime or not. The archival campaigns on PKS 1156+295 only contained radio, optical, and

EGRET data, so clearly only the optical and radio data could be used to fit the synchrotron

spectra.

To examine how the spectral shape changed over time, the campaigns on CTA 102 and

PKS 1622–297 were each first split into four bins of one to a few days in size. For each
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campaign the bins were defined based on times separating increases or decreases in the X-

ray and optical flux. Figures 5.23 and 5.24 display the RXTE data from each campaign

with the bins, X1–X4, marked. Each figure also displays the simultaneous optical data,

again with bins X1–X4 labeled in time. In both campaigns, the sampling of the radio data

was not always dense enough at all three frequencies (4.8, 8.0, and 14.5 GHz) to provide

simultaneous data for each time bin. However, the flux changes at slow enough rates at

these frequencies so that nearly simultaneous and/or averages of the few data taken during

the RXTE campaign still accurately reflect the radio flux of each bin.

The resulting SEDs for CTA 102 and PKS 1622–297 are plotted in Figures 5.25, 5.26,

5.27, and 5.28, as the log of power in Jansky-Hertz versus the log of frequency in Hertz. The

observed optical and radio spectra of each object indicate that the synchrotron SED peak

occurs somewhere between these two regimes. The corresponding X-ray points have powers

too high to follow the optical and radio trends, and are most likely due to IC emission. A

parabola was again chosen to fit the synchrotron SEDs, following Landau et al. (1986), as

described in Chapter 3. The best fit parabolas for each SED are plotted along with the data,

with tick marks indicating the peak of each parabola. Also included on each plot are the

corresponding X-ray points, with a mean energy of 6 keV chosen to represent the RXTE

regime.

The archival data used to analyze the spectral properties of PKS 1156+295 required

a somewhat different approach than that used for the recent campaigns. The time periods

chosen were based on when 100–1000 MeV EGRET data (Hartman et al. 1999), radio data in

at least two frequencies from UMRAO (Aller & Aller, private communication), and optical

or IR data were all available. Again, the high energy energy observing periods largely

defined the start and end of each interval. The EGRET data used are listed in Table F.11.

Since simultaneous optical and radio data were not always available, the time periods were

sometimes extended to accomodate available data. These data are listed in Tables F.12 (R-
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Figure 5.23: The X-ray behavior during various times of the 2005 RXTE observations of
CTA 102, with time bins X1−X4 labeled on simultaneous X-ray and optical data.
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Figure 5.24: The X-ray behavior during various times of the 2006 RXTE observations of
PKS 1622–297, with time bins X1−X4 labeled on simultaneous X-ray and optical data.
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Figure 5.25: Simultaneous multiwavelength SEDs from the 2005 CTA 102 campaign.

band), F.13 (intensive R-band), F.14 (B- and V-bands), F.15 (IR J-, H-, and K-bands), and

F.16 (UMRAO). The nearly simultaneous SEDs resulting from the archival PKS 1156+295

are displayed in Figure 5.29.
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The best fit parameters of each SED are given in Table 5.4. For each object, the ratios

of optical to X-ray (αox), radio to optical (αro), and X-ray to radio (log(Fx/Fr)) fluxes are

calculated following Chapter 3. The results are giving in Table 5.5. These calculations allow

quantitative comparisons to be made between each RBL, and later between RBLs and XBLs

in general. To better compare each object’s trends over time, Figure 5.31 displays the SED

peak powers νmaxF (νmax), the wavelengths λmax at which the peak powers occur, and the

temporally corresponding high energy fluxes plotted against time.

The new, simultaneous SEDs will now be discussed in terms of trends over time and

comparisons between objects. In CTA 102, the spectral shape generally does not change

much over each time period. The X2 interval is a bit of an anomaly, because only R-

band data were available for the optical regime. In the remaining intervals, the curvature

remains essentially constant. As the X-ray and optical fluxes increase, λmax decreases and

νmaxF (νmax) increases. However, these changes are not large.

The flux ratios calculated for CTA 102 remain steady, with log(Fx/Fr) less than –5.5, as

expected for RBLs (Rector et al. 2003). The ratio αro increases slightly from X1 to X4 as

the 14.5 GHz flux increases and the optical flux decreases.

The SEDs of PKS 1622–297 exhibit interesting trends as well. For this campaign, the

period X1 stands out because it is separated from the other periods by a few weeks. Also,

no I-band data were available at this time. In the remaining periods, the curvature increases

(i.e., the SED becomes narrower) as the optical flux and peak power increases. As the optical

flux increases, λmax increases and the peak power increases. These trends reflect the redder

when brighter flux behavior discussed in Section 5.4 and displayed in Figure 5.22. No clear

trends emerge between the X-ray flux and the SED peak values. This result agrees with

the lack of correlated X-ray and radio/optical behavior observed during the multiwavelength

campaign, but only a few data points are available.
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Figure 5.26: Simultaneous multiwavelength SEDs from the 2005 CTA 102 campaign.

Increases in ratio αox appear to correlate well with increases in the B- and V-band fluxes

observed in PKS 1622–297. The ratio αro increases as the R- and I-band fluxes decrease. This

trend makes sense if the radio and optical emission are both due to synchrotron emission,

as the optical flux should increase prior to a corresponding increase in radio flux; this trend
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Figure 5.27: Simultaneous multiwavelength SEDs from the 2006 PKS 1622–297 campaign.

is seen in the 14.5 GHz flux in Figure 5.19. However, it should be noted that only a few

data points are available. The ratio log(Fx/Fr) hovers around the RBL/XBL dividing line,

and is less than –5.5 for only the last observing period. It appears that flaring in the X-rays

coupled with low radio states makes this object a weak RBL. Long-term radio data from
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Figure 5.28: Simultaneous multiwavelength SEDs from the 2006 PKS 1622–297 campaign.

UMRAO indeed shows that this object was in a lower than average flux state during the

2006 campaign (Hugh Aller & Margo Aller, private communication).

The spectral trends of CTA 102 generally differ from those of PKS 1622–297. In both

objects, as the optical flux increases, the peak power increases. However, in CTA 102, λmax
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Figure 5.29: Near-simultaneous multiwavelength SEDs from the archival PKS 1156+295
campaigns.

decreases as the optical flux increases, while the opposite is observed in PKS 1622–297. In

CTA 102, λmax becomes longer as the RXTE flux decreases, while in PKS 1622–297 there

are no correlations between λmax and the X-ray activity. These differences are not surprising

given the differences observed in the multiwavelength campaigns on each object, but it should
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Figure 5.30: Near-simultaneous multiwavelength SEDs from the archival PKS 1156+295
campaigns.

be noted that only a few data points are available for comparison.

The time bins used for PKS 1156+295 are much longer than those used for CTA 102

and PKS 1622–297, about three to six weeks in length instead of only a few days. However,

the spectral behavior still clearly changes from era to era, so important comparisons can
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still be made across time and with the other two objects. Again, the synchrotron part of

each spectrum was fitted with a parabola, with the best fit parabola and its peak plotted

on each SED. The corresponding EGRET points also appear on each plot, with a mean

energy of 400 MeV representing the EGRET regime as suggested by Hartman et al. (1999).

For EGRET detections involving only an upper limit, a downward pointing arrow is plotted

instead of a point.

The SEDs for PKS 1156+295 are harder to compare because of the large separations

between each SED, but some trends still emerge. For the 1993–1995 campaigns, λmax be-

comes longer as the EGRET flux increases. Of the four eras, the longest λmax occurs at

the highest EGRET flux. A possible positive correlation exists between the curvatures and

the EGRET flux, although 1991 and 1993 don’t quite follow this correlation. These conclu-

sions are derived from only a few data points, and should be tested further against future

observations.

The 1991 multiwavelength campaign on 3C 345 included intensive spectral analysis of

the simultaneous radio, IR, and optical data collected (Webb et al. 1994). The spectral

fit used in this campaign includes a turnover point in the IR regime. Spectral indices on

both sides of this turnover were calculated. The SED fits generated for each 1991 bin of

simultaneous data all have nearly identical turnover frequencies (average log(ν) = 10.79 Hz)

and fluxes at the turnover (average log(νF(ν)) = 11.99 JyHz). The spectral indices also

remain essentially constant. Additional SEDs were also generated for simultaneous 1981

and 1983 data. The results from these fits were significantly different from each other and

from the 1991 results. Over the three years observed, as the turnover frequency increased,

the peak power increased, the radio spectra broadened, and the IR-optical spectra steepens

(Webb et al. 1994).

The behavior of 3C 345 observed in 1991 is similar to that of the presented multiwave-

length campaigns. In 1991, a radio flux increase occurred simultaneously with an optical
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Table 5.4: RBL Synchrotron SED Parabolic Fit Parameters

Object Period Peak Frequency a Peak Power b Curve c

CTA 102 2005 Sep 24− 29 13.45 ± 0.02 12.10 ± 0.02 0.1235

Sep 30 − Oct 2 13.52 ± 0.01 11.97 ± 0.01 0.1095

Oct 3− 9 13.39 ± 0.02 12.05 ± 0.02 0.1245

Oct 9− 16 13.32 ± 0.01 11.99 ± 0.01 0.1235

PKS 1622−297 2006 May 31 13.67 ± 0.05 11.77 ± 0.03 0.1160

Jun 27 − Jul 3 13.04 ± 0.03 11.96 ± 0.03 0.1835

Jul 4− 7 13.00 ± 0.04 12.30 ± 0.04 0.2245

Jul 14− 22 13.17 ± 0.01 11.49 ± 0.01 0.1245

PKS 1156+295 1991 May 15 − Jun 28 13.65 ± 0.02 11.54 ± 0.01 0.1080

1993 Oct 19 − Dec 1 14.34 ± 0.02 12.25 ± 0.01 0.1130

1993 Dec 26 − 1994 Jan 23 13.71 ± 0.02 12.09 ± 0.01 0.1420

1995 Apr 25 − May 17 13.57 ± 0.01 12.39 ± 0.01 0.1625

a Logarithm of the frequency, in Hz, at which the peak power occurs.
b Logarithm of peak power, in Jy*Hz.
c Curvature of the parabola.

flare. Spectral fits throughout that year changed very little in shape. CTA 102 exhibited

very similar multiwavelength and spectral behavior in 2005. Spectra of 3C 345 taken from

simultaneous data separated by a few years follow different fit parameters. PKS 1156+295

also requires differing spectral fits on data from widely separated times.

5.6 Comparing SED Results to Blazar Emission Models

The simultaneous fitted synchrotron spectra and corresponding high energy data obtained

for the selected RBLs can now be compared with the results of previous campaigns on other

objects. The goal of these comparisons is to discern which models best fit the selected RBLs.

Bloom & Marscher (1996) present a theoretical model for objects such as CTA 102, PKS

1622–297, and PKS 1156+295 based on the SSC framework. In this model, the radio to UV

emission is due to the synchrotron process. High energy emission could be due to first or
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Table 5.5: RBL Synchrotron SED Fits and Flux Ratios

Object Period λmax νmaxF (νmax) a αox
b αro

b log(Fx/Fr)
b

(µm)

CTA102 2005 Sep 24− 29 10.61 1.25 0.84 0.74 −5.75

Sep 30 − Oct 2 9.120 0.935 0.84 0.75 −5.83

Oct 3− 9 12.33 1.13 0.88 0.75 −5.93

Oct 9− 16 14.48 0.966 0.85 0.77 −5.94

PKS1622 2006 May 31 6.463 0.594 0.79 0.70 −5.43

Jun 27 − Jul 3 27.39 0.907 0.60 0.76 −5.25

Jul 4− 7 30.30 2.00 0.69 0.73 −5.31

Jul 14− 22 20.42 0.310 0.62 0.81 −5.54

PKS1156 1991 May 15 − Jun 28 6.735 0.344 ... 0.73 ...

1993 Oct 19 − Dec 1 1.382 1.78 ... 0.56 ...

1993 Dec 26 − 1994 Jan 23 5.851 1.23 ... 0.63 ...

1995 Apr 25 − May 17 7.982 2.47 ... 0.62 ...

a In units of 10−11 erg cm−2 sec−1.
b Flux ratios defined in Chapter 3.

second order SSC emission. The first order SSC emission flux follows F 1C
ν ∝ N2

0R
4 and the

second order SSC emission follows F 2C
ν ∝ N3

0R
5, where N0 equals the electron density and R

is the radius of the synchrotron source. X-ray emission is found to be most likely due to first

order SSC emission. The source of the γ-ray emission can be found, within the framework

of this model, from the relationship between emitted power in the X-ray regime and that in

the radio-IR regime. If the X-ray power is less than the radio power, then the γ-ray power is

directly proportional to the square of the X-ray power and inversely proportional to the radio

power. In this scenario, the γ-ray emission is due to second order SSC emission. However,

if the X-ray and radio powers are comparable to each other, then the above relationship

doesn’t hold and there is not an easy way to predict the γ-ray power from the X-ray and

radio–IR regime powers. In this case, the γ-ray emission in not due to second order SSC
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emission. It could be due to first order SSC emission, or ERC emission (Bloom & Marscher

1996).

Simultaneous radio, optical, and X-ray data were obtained in the recent campaigns on

CTA 102 and PKS 1622–297. The radio-IR synchrotron power, which was fitted and dis-

cussed in Chapter 5.5, appears to be comparable to the corresponding X-ray power. Hence,

following Bloom & Marscher (1996), the γ-ray power cannot be readily estimated, and is due

to something other than second order SSC emission. The 2005 campaign on CTA 102 ob-

served a radio flux increase nearly simultaneous with an optical flare. Tornikoski et al. (1999)
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observed a previous simultaneous radio and optical flare in CTA 102. These observations sup-

port the SSC shock-in-jet model for this blazar. However, no simultaneous multiwaveband

flares were observed in PKS 1622–297 during the 2006 campaign, or in CTA 102 during the

2004 campaign. It is quite possible that different emission mechanisms operate at different

times in these objects.

An examination of several simultaneous and near-simultaneous campaigns on 3C 279 is

presented by Hartman et al. (2001a). For each campaign, an SED is generated from the

available radio–γ-ray regime data. A general trend appears in the optical spectra of each

campaign. As the optical flux brightens, the optical spectrum broadens. The opposite was

observed in the 2006 campaign on PKS 1622–297. In the SEDs generated for 3C 279, the

X-ray power is comparable to or less than the radio-IR regime power (Hartman et al. 2001a).

The result is that the γ-ray emission from this object cannot be due to second order SSC

emission, at least in simple one-zone models (Bloom & Marscher 1996). This result was also

found for the recent campaigns on CTA 102 and PKS 1622–297. The spectral change from

synchrotron to IC emission in 3C 279 appears to occur consistently at ν ∼ 1016−17 Hz. This

range puts the RXTE regime emission in the IC part of each spectrum, a result consistent

with that found for CTA 102 and PKS 1622–297.

The simultaneous 3C 279 SEDs have been fit to a variety of possible models based

on possible emission mechanisms (Hartman et al. 2001a). Synchrotron emission invariably

provides a good fit to the radio-UV spectra. SSC emission from jet photons almost always

provides the best fit to the X-ray regime. The one exception is a campaign during which the

EGRET regime flux was in a particularly large flaring state. During this time, the simulated

spectral fits indicate that the X-rays are more likely due to ERC emission from the BLR. The

lower-energy γ-ray emission from 3C 279 is usually best fit by ERC emission from accretion

disk photons, the higher-energy emission by ERC emission from BLR photons. First order

SSC emission usually does not fit the γ-ray regime nearly as well as it does the X-ray regime,
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but again, the era featuring a very large EGRET flux flare is the exception (Hartman et al.

2001a).

In the 1991 campaign on 3C 345, an SSC model was again used to fit the multiwavelength

spectra (Webb et al. 1994). The data from this campaign were primarily taken in radio-UV

wavebands, but X-ray regime data were also available for some periods. The model also

included an accretion disk supplying thermal emission in the UV regime, where a “blue

bump” was observed in many of the spectra (Webb et al. 1994). The best model used for

this campaign featured SSC emission from jet photons with a changing upper cutoff to the

electron distribution, coupled with an accretion disk whose accretion rate varies over time

(Webb et al. 1994). In this work, SSC emission is responsible for all higher energy emission,

but no observations in the γ-ray regime were obtained, so emission in that regime could not

be tested.

A recent campaign on BL Lac discussed in Böttcher & Reimer (2004) found different

spectral trends compared to those previously discussed. While the object was in a low X-

ray and optical state, the upper energy limit of the synchrotron SED was below the X-ray

region, as observed in the other studied RBLs. However, when BL Lac was in a high state, the

synchrotron cutoff rose to at least 10 keV (Böttcher et al. 2003; Böttcher & Reimer 2004).

Under these conditions, any RXTE emission would be part of the synchrotron spectrum.

The spectrum in both states was fitted with two SSC models; one featuring a leptonic jet,

and one featuring a hadronic jet (i.e. a jet that includes both protons and electrons). Both

models provided acceptable fits to BL Lac in both flux states (Böttcher & Reimer 2004).

The new results from CTA 102 and PKS 1622–297 appear to bear some resemblences to

the campaigns on 3C 279 and 3C 345. For these objects, it appears that the X-ray emission

is primarily due to the first order SSC process in all observed flux states. No X-ray data

were available during the archival PKS 1156+295 campaigns, but the synchrotron spectra

are very similar to those of CTA 102 and PKS 1622–297. It is thus probable that the X-ray
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emission of this object is also due to SSC emission. In Hartman et al. (2001a), the IC SEDs

of 3C 279 were modeled to take into account SSC emission and Comptonization of the BLR

and the accretion disk. From comparisons of the spectral fits to the 3C 279 observations, the

best candidate for γ-ray emission is ERC emission, both from the accretion disk and from

the BLR, while SSC emission best explains the X-ray emission. In the campaigns performed

in this dissertation, no UV data were obtained. From the results of 3C 279 and 3C 345, UV

emission in the selected RBLs may include a bump in the SED due to thermal accretion

disk emission. However, synchrotron emission still dominates the UV emission in blazars.

As observed in CTA 102 and 3C 279, different models can operate at different times in these

objects, but the different models discussed still all fit within an SSC framework.

5.7 Conclusions

Interesting trends emerged from the campaigns and objects studied in this chapter. All of

the examined RBLs have been observed exhibiting optical microvariability. The overall flux

state of the object at the time doesn’t seem to correlate with whether or not microvariability

is observed, as seen in longterm 3C 345 and 3C 279 data. However, close examinations of the

results for CTA 102 and PKS 1156+295 indicate that the characteristics of the microvari-

ability do change with optical flux state. As the flux state increased, the microvariability

increased in amplitude and became more rapid.

The multiwavelength campaigns presented on CTA 102 and PKS 1622–297 are the first

simultaneous radio, optical, and X-ray campaigns ever performed on these objects. Sig-

nificantly different results emerged from each campaign, indicating that different emission

models are required to explain the behavior of these objects at different times. Spectral

analyses performed on these campaigns and on PKS 1156+295 indicate that the X-rays in

these objects are part of the IC spectrum of each object, independent of the overall flux state

at the time. Comparisons to existing models and previous campaigns on other objects show
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that the X-ray emission almost certainly is dominated by the SSC process. Further multi-

wavelength campaigns including simultaneous observations in the γ-ray regime are needed

to determine conclusively the origin of the γ-rays. Such studies could also examine possi-

ble correlations between X-ray–γ-ray emission and lower energy emission. Such correlations

have been suggested (e.g. in 3C 279 by Hartman et al. 2001b).

The most exciting result of this chapter is the discovery that CTA 102 and PKS 1622–297

become redder when in brighter optical flux states. Miller (1981) was the first to observe

such behavior, in 3C 446. However, it was not until very recently that further examples were

found of blazars which became redder, instead of bluer, when brighter.
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Conclusions

In this chapter, the major findings of the previous chapters will be summarized. The results

from the selected RBLs and XBLs will be used to compare and contrast the two blazar

classes. Also, future research motivated by the results of this work will be discussed.

6.1 Color Behavior vs. Flux

One of the most exciting results from these campaigns came from examining the optical

spectra of the selected blazars. The BL Lac objects studied, both LBLs and HBLs, appeared

bluer when they were brighter. The studied FSRQs all appeared redder when brighter. What

might be the cause for this? This may be simply an effect of how far the synchrotron spectrum

extends and where the peak of the synchrotron emission is located.

In FSRQs, the X-ray emission is thought to be dominated by the IC process. The peak of

the synchrotron spectrum is located in the IR, with the spectrum sloping downward through

the UV. If the synchrotron SED becomes steeper as the optical flux increases, then the I-

and R-band fluxes will increase faster than the B-band fluxes. The curvature factor c (see

Equation 3.6) will increase as the optical flux increases, and the optical spectrum will appear

redder when brighter. As displayed in Figure 6.1, this scenario was observed in the FSRQ

PKS 1622–297 during the 2006 campaign. This implies that one can discriminate between

FSRQs and LBLs based on their color variations.

In HBLs, the X-ray emission is thought to be dominated by the synchrotron process.

The synchrotron SED peaks at UV/X-ray frequencies, with the spectrum sloping upward as

it moves from IR to UV frequencies. If the synchrotron SED becomes steeper as the optical
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Figure 6.1: Observed B-, R-, and I-band fluxes of PKS 1622–297 compared to the curvature
of the synchrotron SED.

flux increases, then the B-band flux will increase faster than the R-band flux. The curvature

c will increase as the optical flux increases, and the optical spectrum will become bluer when

brighter. As displayed in Figure 6.2, this scenario was observed in the HBL PKS 2155–304

during the 2004 campaign.

The remaining case to address is the LBLs. This class of BL Lac objects exhibits X-

ray emission due to the IC process, so should behave as FSRQs do. However, BL Lac

and other LBLs have repeatedly been observed to be bluer when brighter (Villata et al.

2004b; Nikolashvili & Kurtanidze 2005; Stalin et al. 2006; Gu et al. 2006). The key to the

LBL behavior may lie in the results for BL Lac discussed in Böttcher et al. (2003) and

Böttcher & Reimer (2004). In a low X-ray and optical state, the synchrotron cutoff of the

SED was located at lower than X-ray energies, so the synchrotron spectrum would slope
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downward moving from IR to UV frequencies. However, when BL Lac was in a high state,

the synchrotron cutoff rose to 10 keV and higher. In the high state, the synchrtron spectrum

broadened, and the B-band power increased faster than that of the R-band. This would

explain why BL Lac exhibits bluer when brighter behavior.

Future campaigns on other LBLs should be performed to see if the synchrotron SED

consistently changes as was observed for BL Lac. More HBL and FSRQ campaigns are also

needed to examine if the bluer or redder when brighter behavior seen in this work is always

exhibited.

Gu et al. (2006) propose that relative contributions of thermal vs. non-thermal radia-

tion could be responsible. FSRQs have been observed to contain a thermal “blue bump”

component in their spectra, such as that observed for 3C 345 (Webb et al. 1994), due to
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the accretion disk. In the scenario proposed by Gu et al. (2006), as a FSRQ brightens, the

blue bump disappears and the optical spectrum becomes redder. However, the blue bump

component is usually small compared to the non-thermal synchrotron component even in

low FSRQ states (e.g., Webb et al. 1994). It is not likely that such a weak component can

cause strong redder when brighter behavior.

6.2 Optical Microvariability

Prominent optical microvariability was observed for all three RBLs studied. Only modest

optical microvariability was observed during the XBL campaigns. This pattern is consistent

with previously published findings (e.g., Ulrich et al. 1997). Observations of both blazar

classes show that variability in the synchrotron emission is most rapid and of the largest

amplitude at frequencies close to and higher than the frequency of the peak of the synchrotron

emission (Ulrich et al. 1997). The XBL synchrotron peak occurs at UV/X-ray frequencies,

so less variability occurs at the lower optical frequencies.

Quantitative analysis of the optical microvariability was performed on the RBLs. In the

1994 campaign for PKS 1156+295 and the 2004 campaign for CTA 102, the character of the

microvariability appeared to correlate with the flux state of the object. As the object’s flux

increased, the flares increased in amplitude and decreased in timescale. In the 2005 campaign

for CTA 102, a lower flux state was observed, and no prominent variability resembling that

observed in 2004 was exhibited.

These results provide motivation for collecting more optical microvariability observations

for more objects over a variety of overall flux states. Analyses of variability speed and

acceleration, such as those done in this work, for a much larger ensemble of situations

could conclusively determine whether a correlation exists between variability amplitude and

rapidity with flux state.

Future campaigns should use a more sophisticated method of microvariability analysis.
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Such analysis could start by normalizing the observed fluxes to the average observed flux

from each night, smoothing the normalized fluxes by calculating the binomially weighted

moving averages of the normalized fluxes, and calculating the corresponding binomially

weighted moving averaged times. To calculate the variability speeds and accelerations at

each time, one could use a function such as the IDL function DERIV which performs numerical

differentiation using Lagrangian 3-point interpolation. This new method was applied to the

2004 CTA 102 and 1994 PKS 1156+295 data presented in this work. As was found using

the method described in Chapter 3, the variability of each object became more rapid with

increasing flux state.

6.3 Simultaneous Multiwavelength Behavior

All of the campaigns presented in this work observed different correlations between radio,

optical, and X-ray flux behavior. In 2003, PG 1553+11 exhibited X-ray and optical flares

which may be correlated. The X-ray flare lead the optical by about 10 days, and each

flare took about 10 days to reach maximum brightness. These correlations make sense if the

synchrotron process is responsible for the emission in both regions, which is believed to be the

case in PG 1553+11. Three campaigns performed for PKS 2155–304 each observed different

variability behavior. In a high flux state, the X-ray behavior was strongly correlated with the

optical behavior. In a low state, the X-ray and optical behaviors were not correlated. In an

intermediate state, the X-ray behavior exhibited some correlation with the optical behavior.

This is one of the most exciting results from this work.

In PKS 2155–304, flares in different wavebands appeared to have smaller time lags and

similar structure as the overall flux state increased. The decrease in time lags suggests that

the X-ray and optical emission regions are becoming more closely spatially related or that the

shock Lorentz factor is larger. The similarity in multiwavelength flare structure observed in

the high flux state implies that the X-ray and optical flares are caused by a shock propagating



126

down the jet, stimulating longer wavelengths of synchrotron radiation as the shock moves

from the central engine outward. During a high flux state, the shocks are highly relativistic

and quickly propagate down a short path between X-ray and optical emission regions in the

jet. In an intermediate state, the X-ray and optical emitting regions are spaced further apart

and/or the shock moves more slowly. The optical flares lag behind the X-ray flares and there

are differences in multiwavelength flare structure and amplitude. In a low state, the X-ray

and optical emitting regions are still further apart (or the shock is moving slower yet), the

flaring activity is not necessarily due to jet emission, and the multiwavelength flares may

not exhibit any correlations. Other factors that could affect the variability behavior include

changes in the Doppler factor and/or viewing angle of the jet.

CTA 102 also exhibited different flaring activity at two different times. The 2005 cam-

paign on CTA 102 detected X-ray, optical, and radio wavelength flares. The optical and radio

flux variations are of different duration and observed amplitude, but the flux increases begin

approximately simultaneously. The beginning of the X-ray flare was not observed, but the

X-ray flux declines on similar timescales with the optical flux decline, so it is possible that

these two flares are also approximately simultaneous. A 1997 CTA 102 campaign discussed

in Tornikoski et al. (1999) observed simultaneous optical and radio flares of very similar

duration and amplitude. In 1996 (Tornikoski et al. 1999) and 2004, large rapid optical flares

were observed with no correlated radio flares.

The 2006 campaign on PKS 1622–297 observed significant flaring in all three wavebands.

However, there appear to be no correlations between any of the multiwaveband flares. This

was the first simultaneous multiwavelength campaign ever performed on this object, so no

other multiwavelength correlation results are available for comparison.

More simultaneous multiwavelength campaigns on both XBLs and RBLs are needed. The

results could determine if the changes in correlated X-ray and optical activity found for PKS

2155–304 apply to other objects. Future campaigns should be of longer duration, particularly
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Figure 6.3: Calculated flux ratios log(Fx/Fr) vs. αox for the observed XBLs (crosses) and
RBLs (circles). The lines indicate linear fits to the XBL and RBL values.

at X-ray wavelengths. The campaigns presented here provided RXTE observations over

periods of three weeks. In PG 1553+11, CTA 102, and PKS 1622–297, this was long enough

to determine the presence of an X-ray flare, but not long enough to observe the entire flare

nor to uniquely determine if the suspected correlations were real.

6.4 Broadband Spectral and IC Behavior

The selected RBLs and XBLs exhibited different ratios of X-ray versus radio and optical

fluxes (see Figure 6.3). The results of the selected blazars exhibit a border between XBLs

and RBLs at log(Fx/Fr) = –5.0, with RBLs having larger negative values. Rector et al.

(2003) observed a similar border between XBLs and RBLs at log(Fx/Fr) of –5.5. For the
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selected XBLs, this border corresponds to states of particularly low X-ray flux. For the

RBLs, the border corresponds to states of particularly low radio flux. There also appears

to be a borderline value of αox between the two classes. Blazars with αox > 0.9 are XBLs,

blazars with αox < 0.9 are RBLs. In both classes, there is generally an anticorrelation

between log(Fx/Fr) and αox, as indicated by the linear fits in Figure 6.3.

In RBLs, the X-rays are primarily produced by the IC process. Synchrotron self-Compton

models frequently provided good fits for the broadband spectra of previously examined ob-

jects. However, the specifics of the model change with time in each object. Future campaigns

would benefit greatly from longer temporal coverage and broader spectral coverage, partic-

ularly at high energies.

6.5 Additional Synchrotron Peak Estimates

The work discussed here used parabolic fits to estimate the frequency of the peak synchrotron

emission of each blazar. Another way to estimate the peak of a blazar’s synchrotron emission,

νsp, incorporates the jet’s magnetic field, B, and the Lorentz factor of the jet electrons, γ

(Sparke & Gallagher 2000):

νsp = 4.2× γ2 B

1 G
MHz. (6.1)

This equation is derived from the shape of a real synchrotron spectrum, with νsp correspond-

ing to the frequency at which the most light is emitted (Sparke & Gallagher 2000). In this

section, the estimated results for νsp will be compared with the synchrotron peak frequencies

measured from parabolic fits, νpp. This frequency is simply the speed of light divided by the

λmax values given in Tables 4.4 and 5.5.

To estimates appropriate XBL B and γ values for Equation 6.1, results from a previously

published campaign on PKS 2155–304 by Edelson et al. (1995) were examined. Model results

for the 1991 observations of PKS 2155–304 featured B ≈ 3000 G and γ ≈ 5000, corresponding
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to νsp ≈ 3×1011 MHz. The average νpp calculated for PG 1553+11 in 2003 and PKS 2155–

304 in 2004 is ≈ 3×109 MHz, a factor of 100 smaller than νsp. This difference could be

due to a B as low as 30 G, a γ as low as 500, or a combination of B and γ values different

than those found in 1991 by Edelson et al. (1995). Since PKS 2155–304 was observed in a

high state in 1991 and both PKS 2155–304 and PG 1553+11 were observed in relatively low

states during the recent campaigns, it is feasible that lower B and/or γ values would apply

to the recent campaigns.

To estimates appropriate RBL B and γ values, results from previously published cam-

paigns on 3C 279 by Hartman et al. (2001a) were examined. The model results used on 3C

279 featured a fixed B of 1.5 G and a range of γ from 350 to 1×105. These factors corre-

spond to a νsp ranging from ∼ 7.7×105 to 6.3×1010 MHz. The average νpp values calculated

for CTA 102 in 2005 (2.6×107 MHz), PKS 1622–297 in 2006 (1.4×107 MHz), and for PKS

1156+295 from archival data (5.4×107) all fall near the middle of this range.

The parabolic SED fits used in this work could be replaced with synchrotron models in

future campaigns. However, in the case of these observations, where only three wavebands

are represented, the parabolic fits still provide good peak estimates for the data.
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Miller, H. R., & Noble, J. C. 1996, in ASP Conf. Ser. 110, Blazar Continuum Variability, ed.

H. R. Miller, J. R. Webb, & J. C. Noble (San Francisco: ASP), 17



134

Monet, D. et al. 1998, in USNO-A2.0 Catalogue (Washington DC: US Naval Obs.)

Monet, D. G. et al. 2003, AJ, 125, 984

Moore, R. L., & Stockman, H. S. 1981, ApJ, 243, 60

Nair, A. D., Miller, H. R., & Noble, J. C. 1997, BAAS, 29, 830

Nikolashvili, M. G., & Kurtanidze, O. M. 2005, Memorie della Societa Astronomica Italiana,

76, 55

Olsen, E. T. 1970, AJ, 75, 764

Osterman, M. A. et al. 2006, AJ, 132, 873

Perlman, E. S. et al. 2005, ApJ, 625, 727

——. 1996, ApJS, 104, 251

Pesce, J. E., Sambruna, R. M., Tavecchio, F., Maraschi, L., Cheung, C. C., Urry, C. M., &

Scarpa, R. 2001, ApJ, 556, L79

Pesce, J. E. et al. 1997, ApJ, 486, 770

Peterson, B. M. 1997, An Introduction to Active Galactic Nuclei (Cambridge: Cambridge

University Press)

Pian, E. et al. 1997, ApJ, 486, 784

Pica, A. J., Smith, A. G., Webb, J. R., Leacock, R. J., Clements, S., & Gombola, P. P. 1988,

AJ, 96, 1215

Pilkington, J. D. H., & Scott, J. F. 1965, MmRAS, 69, 183

Piron, F. et al. 2001, A&A, 374, 895

Racine, R. 1970, ApJ, 159, L99

Raiteri, C. M., Villata, M., Lanteri, L., Cavallone, M., & Sobrito, G. 1998a, A&AS, 130, 495

Raiteri, C. M., Villata, M., Sobrito, G., Cavallone, M., de Francesco, G., & Lanteri, L.

1998b, in Multifrequency Monitoring of Blazars, Proceedings of the OJ-94 Annual Meeting

1997, ed. G. Tosti & L. Takalo, Vol. 3 (Perugia: Pubblicazioni Osservatorio Astronomico
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2003 PG 1553+11 Campaign Data

Table A.1: 2003 PG 1553+11 RXTE Light-Curve and Spec-

tral Slope Data

UT Date RJD a 2−10 keV Flux b Count Rate Spectral Slope

(counts s−1)

2003 Apr 22 2751.64 5.56 ± 0.21 1.080 ± 0.040 2.255 ± 0.334

2752.17 4.62 ± 0.19 0.960 ± 0.039 2.281 ± 0.285

2003 Apr 23 2752.83 4.12 ± 0.23 0.880 ± 0.048 2.745 ±0.775

2753.09 4.87 ± 0.18 1.048 ± 0.039 2.021 ± 0.387

2003 Apr 24 2753.55 4.95 ± 0.21 0.940 ± 0.039 2.569 ± 0.301

2754.28 4.84 ± 0.21 0.924 ± 0.040 2.712 ± 0.479

2003 Apr 25 2754.74 5.31 ± 0.20 1.088 ± 0.042 2.506 ± 0.402

2755.26 5.15 ± 0.28 0.844 ± 0.046 2.756 ± 0.505

2003 Apr 26 2755.59 4.87 ± 0.19 0.972 ± 0.038 2.517 ± 0.440

2756.11 4.21 ± 0.24 1.052 ± 0.061 2.091 ± 0.655

2756.17 3.12 ± 0.26 0.920 ± 0.076 3.191 ± 1.688

2003 Apr 27 2756.64 5.18 ± 0.20 1.030 ± 0.039 2.673 ± 0.410

2757.10 5.14 ± 0.25 1.042 ± 0.051 2.495 ± 0.522

2757.16 5.30 ± 0.74 0.896 ± 0.125 3.677 ± 1.337

2003 Apr 28 2757.56 5.03 ± 0.23 0.894 ± 0.041 2.434 ± 0.419

2758.16 5.56 ± 0.26 1.018 ± 0.047 2.739 ± 0.453

2003 Apr 29 2758.68 5.53 ± 0.19 1.132 ± 0.038 2.379 ± 0.366

2759.14 4.90 ± 0.21 1.014 ± 0.043 2.396 ± 0.475

2003 Apr 30 2759.60 4.33 ± 0.18 1.022 ± 0.043 2.125 ± 0.326

2760.19 4.72 ± 0.26 1.132 ± 0.063 2.236 ± 0.714

2760.26 5.55 ± 0.31 1.136 ± 0.063 1.979 ± 0.431

2003 May 01 2760.65 6.09 ± 0.19 1.204 ± 0.037 2.352 ± 0.291

2761.12 6.06 ± 0.21 1.202 ± 0.041 2.092 ± 0.242

2003 May 02 2761.51 6.01 ± 0.20 1.238 ± 0.041 2.314 ± 0.356

Continued on next page ...
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Table A.1: Continued from previous page ...

UT Date RJD a 2−10 keV Flux b Count Rate Spectral Slope

(counts s−1)

2762.04 6.40 ± 0.21 1.246 ± 0.041 2.030 ± 0.283

2003 May 03 2762.56 6.26 ± 0.21 1.244 ± 0.041 2.447 ± 0.339

2763.02 5.83 ± 0.18 1.292 ± 0.039 2.158 ± 0.264

2763.48 5.86 ± 0.18 1.396 ± 0.044 2.156 ± 0.291

2003 May 04 2764.01 6.90 ± 0.21 1.342 ± 0.040 2.266 ± 0.253

2003 May 05 2764.53 7.71 ± 0.24 1.572 ± 0.048 2.383 ± 0.280

2764.99 7.94 ± 0.25 1.582 ± 0.049 2.054 ± 0.285

2765.05 7.65 ± 0.37 1.432 ± 0.070 2.276 ± 0.345

2003 May 06 2765.52 8.22 ± 0.22 1.638 ± 0.043 2.359 ± 0.216

2765.97 8.68 ± 0.27 1.782 ± 0.055 2.275 ± 0.301

2766.03 9.56 ± 0.42 1.656 ± 0.073 2.445 ± 0.381

2003 May 07 2766.50 9.09 ± 0.21 2.004 ± 0.046 2.273 ± 0.273

2766.97 10.3 ± 0.22 1.928 ± 0.041 2.310 ± 0.215

2767.49 10.3 ± 0.25 1.932 ± 0.048 2.284 ± 0.136

2003 May 08 2767.97 11.0 ± 0.20 2.090 ± 0.038 2.323 ± 0.187

2768.48 9.59 ± 0.25 1.926 ± 0.051 2.131 ± 0.182

2003 May 09 2768.94 10.6 ± 0.23 1.974 ± 0.043 2.308 ± 0.195

2003 May 10 2769.94 12.0 ± 0.22 2.306 ± 0.043 2.259 ± 0.172

2003 May 11 2770.52 12.0 ± 0.22 2.422 ± 0.044 2.190 ± 0.169

2770.93 12.0 ± 0.24 2.182 ± 0.044 2.460 ± 0.182

2771.43 11.0 ± 0.23 2.168 ± 0.045 2.194 ± 0.142

2003 May 12 2771.90 9.76 ± 0.20 1.926 ± 0.040 2.130 ± 0.163

a Equal to JD−2,450,000.
b In units of 10−12 erg cm−2 sec−1.
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Table A.2: 2003 PG 1553+11 B-band Light-Curve Data

UT Date JD−2,450,000 Apparent Mag Observatory a

2003 Apr 24 2753.972 14.409 ± 0.097 LO

2003 Apr 24 2753.974 14.412 ± 0.098 LO

2003 Apr 28 2758.417 14.430 ± 0.079 AB

2003 Apr 29 2759.390 14.400 ± 0.080 AB

2003 May 02 2761.892 14.392 ± 0.080 AB

2003 May 03 2762.923 14.392 ± 0.081 AB

2003 May 04 2764.174 14.463 ± 0.080 AB

2003 May 05 2765.449 14.442 ± 0.080 AB

2003 May 07 2767.418 14.476 ± 0.078 AB

2003 May 08 2768.350 14.487 ± 0.079 AB

2003 May 09 2769.400 14.499 ± 0.080 AB

2003 May 10 2769.886 14.524 ± 0.080 AB

2003 May 11 2771.146 14.440 ± 0.081 AB

2003 May 12 2772.334 14.483 ± 0.084 AB

2003 May 13 2773.037 14.472 ± 0.076 AB

2003 May 17 2777.282 14.442 ± 0.083 AB

2003 May 18 2777.822 14.446 ± 0.084 AB

2003 May 18 2778.355 14.398 ± 0.118 AB

2003 May 20 2780.436 14.357 ± 0.093 AB

a AB = Abastumani Observatory, LO = Lowell Observatory. All Abastumani Observatory data have
been 4-point binned.
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Table A.3: 2003 PG 1553+11 R-band Light-Curve Data

UT Date JD−2,450,000 Apparent Mag Observatory a

2003 Mar 06 2704.986 13.289 ± 0.106 LO

2003 Mar 06 2704.987 13.288 ± 0.107 LO

2003 Mar 06 2705.002 13.290 ± 0.107 LO

2003 Mar 06 2705.003 13.291 ± 0.106 LO

2003 Mar 07 2706.000 13.261 ± 0.107 LO

2003 Mar 07 2706.002 13.263 ± 0.107 LO

2003 Mar 07 2706.003 13.261 ± 0.107 LO

2003 Mar 07 2706.017 13.263 ± 0.107 LO

2003 Mar 07 2706.018 13.263 ± 0.107 LO

2003 Mar 07 2706.020 13.262 ± 0.107 LO

2003 Apr 24 2753.750 13.481 ± 0.106 LO

2003 Apr 24 2753.752 13.479 ± 0.107 LO

2003 Apr 24 2753.754 13.479 ± 0.107 LO

2003 Apr 24 2753.880 13.483 ± 0.107 LO

2003 Apr 24 2753.882 13.483 ± 0.107 LO

2003 Apr 24 2753.884 13.483 ± 0.107 LO

2003 Apr 25 2754.723 13.467 ± 0.106 LO

2003 Apr 25 2754.725 13.466 ± 0.107 LO

2003 Apr 25 2754.728 13.470 ± 0.106 LO

2003 Apr 25 2754.840 13.469 ± 0.106 LO

2003 Apr 25 2754.842 13.467 ± 0.107 LO

2003 Apr 25 2754.844 13.468 ± 0.106 LO

2003 Apr 25 2754.954 13.472 ± 0.106 LO

2003 Apr 25 2754.957 13.472 ± 0.107 LO

2003 Apr 25 2754.959 13.472 ± 0.106 LO

2003 Apr 26 2755.714 13.490 ± 0.106 LO

2003 Apr 26 2755.716 13.492 ± 0.106 LO

2003 Apr 26 2755.718 13.491 ± 0.106 LO

2003 Apr 26 2755.836 13.491 ± 0.107 LO

2003 Apr 26 2755.838 13.495 ± 0.107 LO

2003 Apr 26 2755.840 13.490 ± 0.107 LO

2003 Apr 26 2755.968 13.493 ± 0.105 LO

Continued on next page ...
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Table A.3: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag Observatory a

2003 Apr 26 2755.970 13.489 ± 0.105 LO

2003 Apr 26 2755.972 13.491 ± 0.105 LO

2003 Apr 27 2756.711 13.475 ± 0.109 LO

2003 Apr 27 2756.713 13.475 ± 0.105 LO

2003 Apr 27 2756.715 13.476 ± 0.107 LO

2003 Apr 27 2756.833 13.477 ± 0.106 LO

2003 Apr 27 2756.835 13.479 ± 0.107 LO

2003 Apr 27 2756.837 13.477 ± 0.108 LO

2003 Apr 27 2756.942 13.473 ± 0.106 LO

2003 Apr 27 2756.944 13.475 ± 0.106 LO

2003 Apr 27 2756.947 13.474 ± 0.106 LO

2003 Apr 28 2758.293 13.451 ± 0.075 AB

2003 Apr 29 2758.917 13.441 ± 0.075 AB

2003 Apr 30 2760.385 13.399 ± 0.075 AB

2003 May 02 2761.885 13.407 ± 0.076 AB

2003 May 03 2762.897 13.426 ± 0.076 AB

2003 May 04 2763.895 13.461 ± 0.076 AB

2003 May 05 2764.930 13.494 ± 0.076 AB

2003 May 07 2766.406 13.463 ± 0.075 AB

2003 Jul 08 2767.885 13.472 ± 0.075 AB

2003 May 09 2769.096 13.511 ± 0.076 AB

2003 May 09 2769.333 13.507 ± 0.076 AB

2003 May 09 2769.345 13.506 ± 0.076 AB

2003 May 09 2769.390 13.508 ± 0.077 AB

2003 May 10 2769.864 13.494 ± 0.076 AB

2003 May 11 2770.876 13.472 ± 0.076 AB

2003 May 12 2771.854 13.515 ± 0.077 AB

2003 May 12 2772.318 13.481 ± 0.077 AB

2003 May 12 2772.404 13.488 ± 0.077 AB

2003 May 13 2772.895 13.503 ± 0.078 AB

2003 May 13 2773.309 13.486 ± 0.078 AB

2003 May 13 2773.381 13.491 ± 0.078 AB

Continued on next page ...
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Table A.3: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag Observatory a

2003 May 13 2773.412 13.495 ± 0.078 AB

2003 May 13 2773.422 13.499 ± 0.070 AB

2003 May 17 2777.289 13.466 ± 0.089 AB

2003 May 17 2777.374 13.486 ± 0.078 AB

2003 May 17 2777.450 13.459 ± 0.078 AB

2003 May 18 2777.855 13.470 ± 0.078 AB

2003 May 18 2778.298 13.439 ± 0.077 AB

2003 May 18 2778.342 13.435 ± 0.108 AB

2003 May 20 2779.772 13.432 ± 0.107 LO

2003 May 20 2779.773 13.422 ± 0.107 LO

2003 May 20 2779.776 13.420 ± 0.107 LO

2003 May 20 2780.303 13.436 ± 0.067 AB

2003 May 21 2780.505 13.393 ± 0.088 AB

2003 May 21 2780.813 13.377 ± 0.106 LO

2003 May 21 2780.814 13.376 ± 0.106 LO

2003 May 21 2780.814 13.380 ± 0.108 LO

2003 May 22 2781.670 13.376 ± 0.106 LO

2003 May 22 2781.671 13.369 ± 0.108 LO

2003 May 22 2781.673 13.383 ± 0.107 LO

2003 May 22 2781.674 13.380 ± 0.106 LO

2003 May 22 2781.676 13.379 ± 0.106 LO

2003 May 22 2781.679 13.374 ± 0.106 LO

2003 May 23 2782.670 13.396 ± 0.106 LO

2003 May 23 2782.686 13.405 ± 0.105 LO

2003 May 23 2782.733 13.409 ± 0.106 LO

2003 May 24 2783.672 13.439 ± 0.106 LO

2003 May 24 2783.673 13.440 ± 0.106 LO

2003 May 24 2783.676 13.439 ± 0.106 LO

2003 May 24 2783.679 13.441 ± 0.106 LO

2003 Jul 24 2844.722 13.254 ± 0.105 LO

2003 Jul 24 2844.725 13.255 ± 0.106 LO

2003 Jul 24 2844.727 13.254 ± 0.107 LO

Continued on next page ...
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Table A.3: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag Observatory a

2003 Jul 26 2846.681 13.277 ± 0.106 LO

2003 Jul 26 2846.685 13.275 ± 0.106 LO

a AB = Abastumani Observatory, LO = Lowell Observatory. All Abastumani Observatory data have
been 4-point binned.
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Table A.4: 2003 PG 1553+11 R-band Microvariability Data

from Braeside Observatory

2003 Apr 26 2003 Apr 28

RJD a Mag b RJD a Mag b

2755.728 13.625 ± 0.005 2757.673 13.620 ± 0.005

2755.732 13.633 ± 0.005 2757.679 13.613 ± 0.006

2755.737 13.639 ± 0.004 2757.685 13.621 ± 0.005

2755.741 13.635 ± 0.005 2757.691 13.616 ± 0.005

2755.746 13.636 ± 0.004 2757.697 13.626 ± 0.004

2755.750 13.635 ± 0.003 2757.703 13.618 ± 0.005

2755.755 13.642 ± 0.003 2757.709 13.612 ± 0.003

2755.759 13.640 ± 0.003 2757.715 13.614 ± 0.003

2755.764 13.640 ± 0.003 2757.721 13.618 ± 0.003

2755.768 13.636 ± 0.004 2757.727 13.617 ± 0.003

2755.773 13.634 ± 0.004 2757.734 13.615 ± 0.003

2755.777 13.639 ± 0.003 2757.740 13.614 ± 0.003

2755.782 13.639 ± 0.003 2757.746 13.615 ± 0.003

2755.786 13.643 ± 0.003 2757.752 13.616 ± 0.003

2755.791 13.637 ± 0.003 2757.760 13.613 ± 0.003

2755.795 13.639 ± 0.004 2757.767 13.612 ± 0.003

2755.800 13.644 ± 0.003 2757.773 13.611 ± 0.003

2755.804 13.635 ± 0.004 2757.779 13.617 ± 0.003

2755.809 13.632 ± 0.003 2757.785 13.607 ± 0.003

2755.813 13.637 ± 0.003 2757.791 13.612 ± 0.003

2755.818 13.639 ± 0.003 2757.797 13.610 ± 0.002

2755.822 13.634 ± 0.003 2757.803 13.610 ± 0.002

2755.827 13.642 ± 0.003 2757.809 13.610 ± 0.003

2755.831 13.639 ± 0.004 2757.814 13.609 ± 0.003

2755.836 13.638 ± 0.004 2757.820 13.614 ± 0.003

2755.841 13.640 ± 0.003 2757.826 13.609 ± 0.002

2755.845 13.634 ± 0.003 2757.832 13.607 ± 0.003

2755.850 13.638 ± 0.003 2757.838 13.615 ± 0.002

2755.854 13.633 ± 0.003 2757.844 13.607 ± 0.003

Continued on next page ...
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Table A.4: Continued from previous page ...

2003 Apr 26 2003 Apr 28

RJD a Mag b RJD a Mag b

2755.859 13.634 ± 0.003 2757.850 13.605 ± 0.003

2755.863 13.632 ± 0.003 2757.857 13.612 ± 0.004

2755.868 13.625 ± 0.003 2757.863 13.614 ± 0.002

2755.872 13.630 ± 0.003 2757.869 13.615 ± 0.003

2755.878 13.639 ± 0.003 2757.875 13.610 ± 0.003

2755.882 13.636 ± 0.003 2757.881 13.614 ± 0.003

2755.887 13.631 ± 0.003 2757.887 13.614 ± 0.003

2755.891 13.634 ± 0.003 2757.893 13.615 ± 0.002

2755.896 13.633 ± 0.003 2757.899 13.613 ± 0.003

2755.900 13.633 ± 0.003 2757.905 13.611 ± 0.003

2755.905 13.632 ± 0.003 2757.911 13.614 ± 0.003

2755.909 13.643 ± 0.003 2757.917 13.617 ± 0.003

2755.914 13.631 ± 0.003 2757.923 13.610 ± 0.003

2755.919 13.633 ± 0.003 2757.929 13.613 ± 0.003

2755.924 13.636 ± 0.003 2757.935 13.610 ± 0.003

2755.928 13.630 ± 0.004 2757.941 13.609 ± 0.003

2755.933 13.627 ± 0.003 2757.947 13.622 ± 0.003

2755.937 13.627 ± 0.003 2757.952 13.611 ± 0.003

2755.942 13.633 ± 0.003 2757.957 13.611 ± 0.006

2755.947 13.634 ± 0.004

2755.952 13.622 ± 0.003

2755.956 13.631 ± 0.003

2755.961 13.632 ± 0.003

2755.965 13.629 ± 0.003

2755.970 13.624 ± 0.007

2755.975 13.621 ± 0.007

2755.978 13.630 ± 0.006

a Equal to JD−2,450,000.
b Apparent magnitudes based on observed differential magnitudes and the known magnitude of check 1.

Data has been averaged into 5 & 4 point bins on Apr 26 & 28, respectively.
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Table A.5: 2003 PG 1553+11 Radio Light-Curve Data

UT Date RJD a Flux

(Jy)

37.0 GHz, Metsähovi Radio Observatory

2003 Apr 25 2754.510 0.18 ± 0.04

2755.441 0.19 ± 0.04

2003 Apr 26 2755.503 0.26 ± 0.04

2003 May 01 2760.542 0.35 ± 0.05

2003 May 03 2762.538 0.29 ± 0.04

2003 May 04 2764.403 0.23 ± 0.04

2764.462 0.14 ± 0.03

2003 May 05 2764.622 0.38 ± 0.07

2003 May 07 2767.406 0.27 ± 0.05

2767.465 0.23 ± 0.04

2003 May 21 2780.507 0.27 ± 0.06

2003 Jun 27 2818.326 0.20 ± 0.04

2003 Jul 23 2844.309 0.38 ± 0.06

14.5 GHz, UMRAO

2003 Apr 27 2756.787 0.26 ± 0.05

2003 Apr 28 2757.858 0.15 ± 0.06

2003 Apr 29 2758.849 0.23 ± 0.02

2003 Apr 30 2759.813 0.15 ± 0.05

2003 May 04 2763.822 0.23 ± 0.01

2003 May 05 2764.778 0.22 ± 0.04

2003 May 06 2765.796 0.22 ± 0.01

2003 May 07 2766.809 0.21 ± 0.01

2003 May 08 2767.854 0.25 ± 0.03

2003 May 09 2768.775 0.24 ± 0.02

2003 May 10 2769.829 0.22 ± 0.01

2003 May 11 2770.834 0.25 ± 0.03

2003 May 13 2772.806 0.24 ± 0.04

2003 May 14 2773.826 0.25 ± 0.01

2003 Jun 11 2801.661 0.22 ± 0.05

2003 Jun 22 2812.600 0.27 ± 0.03

Continued on next page ...
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Table A.5: Continued from previous page ...

UT Date RJD a Flux

(Jy)

2003 Jul 03 2823.587 0.18 ± 0.06

2003 Jul 15 2835.554 0.21 ± 0.02

2003 Jul 23 2843.531 0.29 ± 0.01

2003 Aug 10 2862.495 0.25 ± 0.02

2003 Aug 21 2873.453 0.23 ± 0.01

2003 Aug 22 2874.435 0.23 ± 0.02

2003 Aug 24 2876.450 0.23 ± 0.01

2003 Sep 04 2887.397 0.22 ± 0.03

4.8 GHz, UMRAO

2003 May 02 2761.740 0.37 ± 0.02

2003 May 25 2784.708 0.34 ± 0.06

2003 May 29 2788.646 0.40 ± 0.03

2003 Jun 16 2806.597 0.31 ± 0.06

2003 Jun 28 2818.610 0.27 ± 0.03

2003 Jun 29 2819.593 0.30 ± 0.04

2003 Jul 10 2830.544 0.31 ± 0.02

2003 Jul 11 2831.529 0.37 ± 0.02

2003 Jul 12 2832.544 0.34 ± 0.02

2003 Jul 20 2840.525 0.41 ± 0.04

2003 Aug 08 2860.449 0.38 ± 0.05

2003 Aug 17 2869.411 0.33 ± 0.02

2003 Sep 08 2891.345 0.37 ± 0.02

a Equal to JD−2,450,000.



150

– B –

2004 PKS 2155–304 Campaign Data

Table B.1: 2004 PKS 2155–304 RXTE Light-Curve Data

UT Date RJD a Count Rate b 2−10 keV Flux c

(counts s−1)

2004 Aug 05 3222.794 2.208 ± 0.023 2.165 ± 0.023

2004 Aug 06 3223.850 1.880 ± 0.040 1.843 ± 0.039

2004 Aug 06 3223.918 1.883 ± 0.040 1.846 ± 0.039

2004 Aug 07 3224.830 1.782 ± 0.047 1.747 ± 0.046

2004 Aug 07 3224.898 1.992 ± 0.075 1.953 ± 0.074

2004 Aug 07 3224.966 2.187 ± 0.061 2.144 ± 0.060

2004 Aug 08 3225.818 2.105 ± 0.038 2.064 ± 0.037

2004 Aug 08 3225.885 1.864 ± 0.040 1.827 ± 0.039

2004 Aug 08 3225.952 1.807 ± 0.051 1.772 ± 0.050

2004 Aug 09 3226.802 2.071 ± 0.040 2.030 ± 0.039

2004 Aug 09 3226.869 1.994 ± 0.040 1.955 ± 0.039

2004 Aug 09 3226.936 1.940 ± 0.039 1.902 ± 0.038

2004 Aug 09 3227.003 2.223 ± 0.059 2.179 ± 0.058

2004 Aug 10 3227.785 1.677 ± 0.035 1.644 ± 0.034

2004 Aug 10 3227.852 1.746 ± 0.039 1.712 ± 0.038

2004 Aug 10 3227.920 1.697 ± 0.045 1.664 ± 0.044

2004 Aug 10 3227.987 1.659 ± 0.055 1.626 ± 0.054

2004 Aug 10 3228.054 1.332 ± 0.072 1.306 ± 0.071

2004 Aug 11 3228.769 2.175 ± 0.036 2.132 ± 0.035

2004 Aug 11 3228.836 2.446 ± 0.038 2.398 ± 0.037

2004 Aug 11 3228.904 2.378 ± 0.045 2.331 ± 0.044

2004 Aug 11 3228.971 2.450 ± 0.056 2.402 ± 0.055

2004 Aug 12 3229.820 3.195 ± 0.036 3.132 ± 0.035

2004 Aug 12 3229.887 3.906 ± 0.045 3.829 ± 0.044

2004 Aug 12 3229.955 4.196 ± 0.054 4.114 ± 0.053

Continued on next page ...
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UT Date RJD a Count Rate b 2−10 keV Flux c

(counts s−1)

2004 Aug 12 3230.022 4.423 ± 0.069 4.336 ± 0.068

2004 Aug 12 3230.124 3.365 ± 0.055 3.299 ± 0.054

2004 Aug 13 3230.804 2.784 ± 0.038 2.729 ± 0.037

2004 Aug 13 3230.871 2.624 ± 0.041 2.573 ± 0.040

2004 Aug 13 3230.938 2.116 ± 0.040 2.075 ± 0.039

2004 Aug 13 3231.006 2.258 ± 0.061 2.214 ± 0.060

2004 Aug 13 3231.073 1.823 ± 0.067 1.787 ± 0.066

2004 Aug 13 3231.175 1.845 ± 0.049 1.809 ± 0.048

2004 Aug 14 3231.787 1.588 ± 0.037 1.557 ± 0.036

2004 Aug 14 3231.855 1.589 ± 0.034 1.558 ± 0.033

2004 Aug 14 3231.922 1.957 ± 0.050 1.919 ± 0.049

2004 Aug 14 3231.989 2.252 ± 0.059 2.208 ± 0.058

2004 Aug 14 3232.057 2.007 ± 0.087 1.968 ± 0.085

2004 Aug 14 3232.159 1.839 ± 0.049 1.803 ± 0.048

2004 Aug 15 3232.838 3.816 ± 0.041 3.741 ± 0.040

2004 Aug 15 3232.906 3.399 ± 0.048 3.332 ± 0.047

2004 Aug 15 3232.973 4.275 ± 0.059 4.191 ± 0.058

2004 Aug 15 3233.040 4.822 ± 0.089 4.727 ± 0.087

2004 Aug 15 3233.143 4.890 ± 0.062 4.794 ± 0.061

2004 Aug 16 3233.822 4.644 ± 0.045 4.553 ± 0.044

2004 Aug 16 3233.889 4.282 ± 0.052 4.198 ± 0.051

2004 Aug 16 3233.957 3.894 ± 0.057 3.818 ± 0.056

2004 Aug 16 3234.024 3.876 ± 0.085 3.800 ± 0.083

2004 Aug 16 3234.091 3.875 ± 0.107 3.799 ± 0.105

2004 Aug 16 3234.127 3.672 ± 0.070 3.600 ± 0.069

2004 Aug 17 3234.806 1.911 ± 0.038 1.874 ± 0.037

2004 Aug 17 3234.873 1.664 ± 0.043 1.631 ± 0.042

2004 Aug 17 3234.940 1.695 ± 0.048 1.662 ± 0.047

2004 Aug 17 3235.008 1.417 ± 0.044 1.389 ± 0.043

2004 Aug 17 3235.075 1.384 ± 0.053 1.357 ± 0.052

2004 Aug 17 3235.110 1.637 ± 0.065 1.605 ± 0.064

Continued on next page ...
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Table B.1: Continued from previous page ...

UT Date RJD a Count Rate b 2−10 keV Flux c

(counts s−1)

2004 Aug 18 3235.857 1.136 ± 0.036 1.114 ± 0.035

2004 Aug 18 3235.924 1.216 ± 0.043 1.192 ± 0.042

2004 Aug 18 3235.991 1.379 ± 0.051 1.352 ± 0.050

2004 Aug 18 3236.059 1.204 ± 0.064 1.180 ± 0.063

2004 Aug 18 3236.126 1.023 ± 0.264 1.003 ± 0.259

2004 Aug 18 3236.162 1.292 ± 0.048 1.267 ± 0.047

2004 Aug 19 3236.841 1.422 ± 0.039 1.394 ± 0.038

2004 Aug 19 3236.908 1.521 ± 0.050 1.491 ± 0.049

2004 Aug 19 3236.975 1.756 ± 0.042 1.722 ± 0.041

2004 Aug 19 3237.043 1.570 ± 0.060 1.539 ± 0.059

2004 Aug 19 3237.175 1.331 ± 0.065 1.305 ± 0.064

2004 Aug 20 3237.959 1.376 ± 0.046 1.349 ± 0.045

2004 Aug 20 3238.094 1.124 ± 0.121 1.102 ± 0.119

2004 Aug 20 3238.159 1.244 ± 0.110 1.220 ± 0.108

2004 Aug 20 3238.026 1.615 ± 0.043 1.583 ± 0.042

2004 Aug 21 3238.943 1.212 ± 0.044 1.188 ± 0.043

2004 Aug 21 3239.143 1.339 ± 0.051 1.313 ± 0.050

2004 Aug 22 3239.994 1.112 ± 0.044 1.090 ± 0.043

2004 Aug 22 3240.061 1.079 ± 0.064 1.058 ± 0.063

2004 Aug 22 3240.127 1.170 ± 0.049 1.147 ± 0.048

2004 Aug 23 3241.045 0.940 ± 0.053 0.922 ± 0.052

2004 Aug 23 3241.102 0.999 ± 0.051 0.979 ± 0.050

2004 Aug 24 3242.086 0.959 ± 0.061 0.940 ± 0.060

2004 Aug 24 3242.145 1.130 ± 0.022 1.108 ± 0.022

2004 Aug 25 3243.130 1.024 ± 0.022 1.004 ± 0.022

2004 Sep 07 3256.010 2.014 ± 0.054 1.975 ± 0.053

2004 Sep 07 3256.078 2.259 ± 0.048 2.215 ± 0.047

2004 Sep 07 3256.118 2.562 ± 0.037 2.512 ± 0.036

2004 Sep 08 3257.102 2.091 ± 0.017 2.050 ± 0.017

2004 Sep 08 3257.167 1.887 ± 0.040 1.850 ± 0.039

2004 Sep 09 3257.898 1.551 ± 0.024 1.521 ± 0.024

Continued on next page ...
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UT Date RJD a Count Rate b 2−10 keV Flux c

(counts s−1)

2004 Sep 09 3257.964 1.366 ± 0.027 1.339 ± 0.026

2004 Sep 09 3258.045 1.308 ± 0.028 1.282 ± 0.027

2004 Sep 09 3258.086 1.179 ± 0.043 1.156 ± 0.042

2004 Sep 10 3258.833 1.239 ± 0.027 1.215 ± 0.026

2004 Sep 10 3258.882 1.281 ± 0.021 1.256 ± 0.021

2004 Sep 10 3259.028 1.201 ± 0.030 1.177 ± 0.029

2004 Sep 11 3259.817 2.138 ± 0.024 2.096 ± 0.024

2004 Sep 11 3259.867 2.444 ± 0.026 2.396 ± 0.025

2004 Sep 11 3259.932 2.363 ± 0.028 2.317 ± 0.027

2004 Sep 12 3260.801 3.985 ± 0.031 3.907 ± 0.030

2004 Sep 12 3260.851 4.403 ± 0.029 4.317 ± 0.028

2004 Sep 12 3260.916 4.827 ± 0.031 4.732 ± 0.030

2004 Sep 15 3263.868 5.132 ± 0.022 5.031 ± 0.022

2004 Sep 16 3264.852 2.535 ± 0.027 2.485 ± 0.026

a Equal to JD−2,450,000.
b Taken from the public NASA High Energy Astrophysics Science Archive Research Center (HEASARC)

for RXTE.
c In units of 10−11 erg cm−2 sec−1.
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Table B.2: 2004 PKS 2155–304 B-band Light-Curve Data

UT Date JD−2,450,000 Apparent Mag Observatory a

2004 Aug 06 3223.813 13.610 ± 0.297 SM

2004 Aug 07 3224.820 13.551 ± 0.294 SM

2004 Aug 13 3230.567 13.633 ± 0.012 CT

3230.665 13.625 ± 0.012 CT

2004 Aug 14 3231.541 13.568 ± 0.010 CT

3231.632 13.551 ± 0.013 CT

3231.753 13.541 ± 0.013 CT

3231.842 13.556 ± 0.011 CT

3231.893 13.568 ± 0.010 CT

2004 Aug 15 3232.568 13.589 ± 0.011 CT

3232.663 13.591 ± 0.014 CT

3232.716 13.595 ± 0.011 CT

3232.791 13.603 ± 0.008 CT

3232.877 13.624 ± 0.009 CT

2004 Aug 20 3237.516 13.585 ± 0.009 CT

3237.580 13.560 ± 0.009 CT

3237.648 13.547 ± 0.011 CT

3237.733 13.544 ± 0.009 CT

3237.786 13.531 ± 0.011 CT

3237.852 13.508 ± 0.009 CT

3237.885 13.505 ± 0.009 CT

2004 Aug 21 3238.521 13.391 ± 0.008 CT

3238.585 13.383 ± 0.007 CT

3238.671 13.358 ± 0.010 CT

3238.741 13.355 ± 0.011 CT

3238.807 13.362 ± 0.011 CT

3238.884 13.370 ± 0.007 CT

2004 Aug 22 3239.512 13.342 ± 0.007 CT

3239.577 13.326 ± 0.006 CT

3239.659 13.327 ± 0.011 CT

3239.745 13.333 ± 0.010 CT

3239.822 13.329 ± 0.010 CT

Continued on next page ...
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UT Date JD−2,450,000 Apparent Mag Observatory a

2004 Aug 23 3240.512 13.307 ± 0.009 CT

3240.580 13.288 ± 0.009 CT

3240.648 13.292 ± 0.009 CT

3240.751 13.280 ± 0.007 CT

3240.856 13.284 ± 0.006 CT

3240.883 13.286 ± 0.006 CT

a SM = SMARTS data, CT = CTIO data.
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Table B.3: 2004 PKS 2155–304 V-band Light-Curve Data

UT Date JD−2,450,000 Apparent Mag Observatory a

2004 Aug 06 3223.816 13.685 ± 0.071 SM

2004 Aug 07 3224.823 13.635 ± 0.074 SM

2004 Aug 13 3230.579 13.462 ± 0.047 CT

3230.670 13.463 ± 0.048 CT

3230.869 13.447 ± 0.046 CT

3230.872 13.446 ± 0.044 CT

2004 Aug 14 3231.637 13.384 ± 0.045 CT

3231.746 13.375 ± 0.045 CT

3231.846 13.377 ± 0.045 CT

3231.848 13.383 ± 0.048 CT

3231.897 13.379 ± 0.045 CT

2004 Aug 15 3232.574 13.403 ± 0.048 CT

3232.659 13.419 ± 0.043 CT

3232.705 13.421 ± 0.047 CT

3232.796 13.429 ± 0.044 CT

3232.883 13.432 ± 0.045 CT

2004 Aug 20 3237.512 13.383 ± 0.044 CT

3237.584 13.371 ± 0.043 CT

3237.652 13.359 ± 0.043 CT

3237.728 13.357 ± 0.042 CT

3237.790 13.349 ± 0.052 CT

3237.856 13.316 ± 0.043 CT

3237.888 13.299 ± 0.045 CT

2004 Aug 21 3238.517 13.205 ± 0.044 CT

3238.592 13.196 ± 0.045 CT

3238.667 13.182 ± 0.044 CT

3238.729 13.173 ± 0.044 CT

3238.811 13.176 ± 0.043 CT

3238.880 13.173 ± 0.043 CT

2004 Aug 22 3239.506 13.141 ± 0.043 CT

3239.572 13.138 ± 0.042 CT

3239.650 13.145 ± 0.042 CT

Continued on next page ...
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Table B.3: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag Observatory a

3239.739 13.148 ± 0.044 CT

3239.818 13.137 ± 0.045 CT

3239.877 13.128 ± 0.044 CT

2004 Aug 23 3240.507 13.104 ± 0.046 CT

3240.576 13.100 ± 0.045 CT

3240.651 13.103 ± 0.043 CT

3240.740 13.097 ± 0.046 CT

3240.744 13.099 ± 0.045 CT

3240.747 13.097 ± 0.045 CT

3240.853 13.085 ± 0.043 CT

3240.886 13.091 ± 0.046 CT

a SM = SMARTS data, CT = CTIO data.
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Table B.4: 2004 PKS 2155–304 R-band Light-Curve Data

UT Date JD−2,450,000 Apparent Mag Observatory a

2004 Aug 06 3223.818 13.318 ± 0.027 SM

2004 Aug 07 3224.825 13.251 ± 0.034 SM

2004 Aug 31 3248.725 12.743 ± 0.048 SM

2004 Sep 02 3250.727 12.704 ± 0.075 SM

2004 Sep 06 3254.804 12.524 ± 0.025 SM

2004 Sep 09 3257.825 12.500 ± 0.028 SM

2004 Sep 14 3262.707 12.623 ± 0.065 SM

2004 Sep 22 3270.732 12.682 ± 0.027 LO

3270.733 12.684 ± 0.025 LO

2004 Sep 23 3271.739 12.758 ± 0.022 LO

3271.739 12.766 ± 0.021 LO

2004 Oct 01 3279.660 12.818 ± 0.042 SM

2004 Oct 05 3283.629 12.822 ± 0.062 SM

a SM = SMARTS data, LO = Lowell Observatory data.
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Table B.5: 2004 PKS 2155–304 CTIO R-band Microvariabil-

ity Data

UT Date JD−2,450,000 Apparent Mag

2004 Aug 13 3230.5963 13.117 ± 0.007

2004 Aug 13 3230.5975 13.120 ± 0.008

2004 Aug 13 3230.5988 13.121 ± 0.007

2004 Aug 13 3230.6000 13.119 ± 0.007

2004 Aug 13 3230.6012 13.121 ± 0.008

2004 Aug 13 3230.6025 13.116 ± 0.007

2004 Aug 13 3230.6037 13.117 ± 0.007

2004 Aug 13 3230.6053 13.115 ± 0.007

2004 Aug 13 3230.6065 13.120 ± 0.007

2004 Aug 13 3230.6077 13.121 ± 0.008

2004 Aug 13 3230.6089 13.122 ± 0.007

2004 Aug 13 3230.6100 13.118 ± 0.008

2004 Aug 13 3230.6112 13.115 ± 0.009

2004 Aug 13 3230.6124 13.120 ± 0.008

2004 Aug 13 3230.6136 13.121 ± 0.008

2004 Aug 13 3230.6148 13.120 ± 0.007

2004 Aug 13 3230.6160 13.119 ± 0.007

2004 Aug 13 3230.6171 13.117 ± 0.008

2004 Aug 13 3230.6183 13.120 ± 0.008

2004 Aug 13 3230.6195 13.119 ± 0.008

2004 Aug 13 3230.6207 13.120 ± 0.008

2004 Aug 13 3230.6219 13.121 ± 0.008

2004 Aug 13 3230.6231 13.120 ± 0.008

2004 Aug 13 3230.6242 13.117 ± 0.007

2004 Aug 13 3230.6255 13.118 ± 0.008

2004 Aug 13 3230.6266 13.121 ± 0.008

2004 Aug 13 3230.6278 13.117 ± 0.007

2004 Aug 13 3230.6310 13.118 ± 0.008

2004 Aug 13 3230.6320 13.120 ± 0.007

2004 Aug 13 3230.6330 13.118 ± 0.008
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Table B.5: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag

2004 Aug 13 3230.6340 13.114 ± 0.009

2004 Aug 13 3230.6350 13.119 ± 0.008

2004 Aug 13 3230.6360 13.122 ± 0.009

2004 Aug 13 3230.6370 13.119 ± 0.008

2004 Aug 13 3230.6380 13.121 ± 0.008

2004 Aug 13 3230.6390 13.119 ± 0.008

2004 Aug 13 3230.6401 13.120 ± 0.007

2004 Aug 13 3230.6411 13.121 ± 0.007

2004 Aug 13 3230.6421 13.120 ± 0.008

2004 Aug 13 3230.6431 13.122 ± 0.008

2004 Aug 13 3230.6441 13.119 ± 0.009

2004 Aug 13 3230.6451 13.122 ± 0.008

2004 Aug 13 3230.6461 13.116 ± 0.007

2004 Aug 13 3230.6471 13.121 ± 0.009

2004 Aug 13 3230.6481 13.121 ± 0.007

2004 Aug 13 3230.6492 13.117 ± 0.008

2004 Aug 13 3230.6502 13.120 ± 0.008

2004 Aug 13 3230.6522 13.121 ± 0.008

2004 Aug 13 3230.6532 13.100 ± 0.020

2004 Aug 13 3230.6542 13.116 ± 0.007

2004 Aug 13 3230.6552 13.120 ± 0.008

2004 Aug 13 3230.6562 13.120 ± 0.009

2004 Aug 13 3230.6572 13.117 ± 0.008

2004 Aug 13 3230.6582 13.118 ± 0.009

2004 Aug 13 3230.6593 13.117 ± 0.007

2004 Aug 13 3230.6603 13.119 ± 0.008

2004 Aug 13 3230.6613 13.117 ± 0.008

2004 Aug 13 3230.6844 13.116 ± 0.009

2004 Aug 13 3230.6851 13.120 ± 0.008

2004 Aug 13 3230.6859 13.118 ± 0.008

2004 Aug 13 3230.6867 13.119 ± 0.009

2004 Aug 13 3230.6875 13.117 ± 0.008
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Table B.5: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag

2004 Aug 13 3230.6883 13.117 ± 0.007

2004 Aug 13 3230.6890 13.115 ± 0.008

2004 Aug 13 3230.6898 13.112 ± 0.007

2004 Aug 13 3230.6906 13.119 ± 0.008

2004 Aug 13 3230.6914 13.116 ± 0.007

2004 Aug 13 3230.6922 13.114 ± 0.007

2004 Aug 13 3230.6929 13.117 ± 0.007

2004 Aug 13 3230.6937 13.117 ± 0.009

2004 Aug 13 3230.6945 13.116 ± 0.008

2004 Aug 13 3230.6953 13.117 ± 0.007

2004 Aug 13 3230.6960 13.116 ± 0.008

2004 Aug 13 3230.6968 13.116 ± 0.007

2004 Aug 13 3230.7008 13.116 ± 0.009

2004 Aug 13 3230.7016 13.120 ± 0.008

2004 Aug 13 3230.7024 13.117 ± 0.008

2004 Aug 13 3230.7032 13.120 ± 0.007

2004 Aug 13 3230.7040 13.114 ± 0.007

2004 Aug 13 3230.7047 13.116 ± 0.008

2004 Aug 13 3230.7055 13.113 ± 0.009

2004 Aug 13 3230.7063 13.122 ± 0.010

2004 Aug 13 3230.7071 13.123 ± 0.008

2004 Aug 13 3230.7078 13.112 ± 0.008

2004 Aug 13 3230.7086 13.122 ± 0.008

2004 Aug 13 3230.7094 13.114 ± 0.007

2004 Aug 13 3230.7102 13.116 ± 0.008

2004 Aug 13 3230.7110 13.116 ± 0.008

2004 Aug 13 3230.7117 13.115 ± 0.008

2004 Aug 13 3230.7125 13.116 ± 0.008

2004 Aug 13 3230.7133 13.125 ± 0.009

2004 Aug 13 3230.7141 13.119 ± 0.008

2004 Aug 13 3230.7149 13.118 ± 0.007

2004 Aug 13 3230.7156 13.116 ± 0.007
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Table B.5: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag

2004 Aug 13 3230.8848 13.099 ± 0.008

2004 Aug 13 3230.8858 13.106 ± 0.009

2004 Aug 13 3230.8868 13.102 ± 0.008

2004 Aug 13 3230.8878 13.101 ± 0.008

2004 Aug 13 3230.8888 13.104 ± 0.007

2004 Aug 13 3230.8899 13.104 ± 0.010

2004 Aug 13 3230.8909 13.101 ± 0.007

2004 Aug 13 3230.8919 13.095 ± 0.007

2004 Aug 13 3230.8929 13.100 ± 0.008

2004 Aug 13 3230.8939 13.105 ± 0.009

2004 Aug 14 3231.5500 13.045 ± 0.007

2004 Aug 14 3231.5510 13.049 ± 0.008

2004 Aug 14 3231.5520 13.044 ± 0.008

2004 Aug 14 3231.5530 13.048 ± 0.009

2004 Aug 14 3231.5541 13.046 ± 0.007

2004 Aug 14 3231.5551 13.049 ± 0.008

2004 Aug 14 3231.5639 13.049 ± 0.008

2004 Aug 14 3231.5650 13.050 ± 0.008

2004 Aug 14 3231.5661 13.047 ± 0.007

2004 Aug 14 3231.5672 13.055 ± 0.009

2004 Aug 14 3231.5684 13.048 ± 0.009

2004 Aug 14 3231.5695 13.050 ± 0.007

2004 Aug 14 3231.5706 13.050 ± 0.009

2004 Aug 14 3231.5718 13.049 ± 0.007

2004 Aug 14 3231.5729 13.051 ± 0.008

2004 Aug 14 3231.5740 13.048 ± 0.008

2004 Aug 14 3231.5770 13.048 ± 0.008

2004 Aug 14 3231.5781 13.050 ± 0.008

2004 Aug 14 3231.5793 13.054 ± 0.008

2004 Aug 14 3231.5804 13.049 ± 0.008

2004 Aug 14 3231.5815 13.047 ± 0.008

2004 Aug 14 3231.5826 13.050 ± 0.008

Continued on next page ...



163

Table B.5: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag

2004 Aug 14 3231.5838 13.047 ± 0.008

2004 Aug 14 3231.5849 13.051 ± 0.009

2004 Aug 14 3231.5860 13.049 ± 0.009

2004 Aug 14 3231.5872 13.047 ± 0.008

2004 Aug 14 3231.5883 13.052 ± 0.009

2004 Aug 14 3231.5894 13.047 ± 0.007

2004 Aug 14 3231.5905 13.054 ± 0.009

2004 Aug 14 3231.5917 13.048 ± 0.007

2004 Aug 14 3231.5928 13.047 ± 0.007

2004 Aug 14 3231.5939 13.043 ± 0.007

2004 Aug 14 3231.5950 13.048 ± 0.008

2004 Aug 14 3231.5962 13.049 ± 0.007

2004 Aug 14 3231.5973 13.049 ± 0.008

2004 Aug 14 3231.5984 13.047 ± 0.007

2004 Aug 14 3231.6018 13.046 ± 0.009

2004 Aug 14 3231.6029 13.048 ± 0.008

2004 Aug 14 3231.6040 13.049 ± 0.009

2004 Aug 14 3231.6051 13.043 ± 0.008

2004 Aug 14 3231.6063 13.047 ± 0.007

2004 Aug 14 3231.6074 13.048 ± 0.008

2004 Aug 14 3231.6085 13.049 ± 0.009

2004 Aug 14 3231.6096 13.045 ± 0.008

2004 Aug 14 3231.6108 13.042 ± 0.007

2004 Aug 14 3231.6119 13.045 ± 0.008

2004 Aug 14 3231.6130 13.047 ± 0.008

2004 Aug 14 3231.6141 13.046 ± 0.007

2004 Aug 14 3231.6153 13.045 ± 0.007

2004 Aug 14 3231.6164 13.045 ± 0.009

2004 Aug 14 3231.6175 13.046 ± 0.009

2004 Aug 14 3231.6187 13.056 ± 0.008

2004 Aug 14 3231.6198 13.044 ± 0.008

2004 Aug 14 3231.6209 13.044 ± 0.009
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Table B.5: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag

2004 Aug 14 3231.6220 13.045 ± 0.008

2004 Aug 14 3231.6232 13.046 ± 0.008

2004 Aug 14 3231.6495 13.043 ± 0.009

2004 Aug 14 3231.6506 13.043 ± 0.008

2004 Aug 14 3231.6517 13.046 ± 0.008

2004 Aug 14 3231.6529 13.047 ± 0.008

2004 Aug 14 3231.6540 13.045 ± 0.007

2004 Aug 14 3231.6551 13.041 ± 0.008

2004 Aug 14 3231.6562 13.046 ± 0.008

2004 Aug 14 3231.6574 13.047 ± 0.008

2004 Aug 14 3231.6585 13.047 ± 0.007

2004 Aug 14 3231.6596 13.043 ± 0.009

2004 Aug 14 3231.6607 13.043 ± 0.007

2004 Aug 14 3231.6619 13.046 ± 0.008

2004 Aug 14 3231.6630 13.044 ± 0.007

2004 Aug 14 3231.6641 13.045 ± 0.007

2004 Aug 14 3231.6653 13.042 ± 0.009

2004 Aug 14 3231.6664 13.058 ± 0.008

2004 Aug 14 3231.6705 13.040 ± 0.007

2004 Aug 14 3231.6717 13.048 ± 0.009

2004 Aug 14 3231.6728 13.050 ± 0.010

2004 Aug 14 3231.6739 13.040 ± 0.007

2004 Aug 14 3231.6751 13.043 ± 0.008

2004 Aug 14 3231.6762 13.047 ± 0.009

2004 Aug 14 3231.6773 13.040 ± 0.007

2004 Aug 14 3231.6784 13.043 ± 0.009

2004 Aug 14 3231.6796 13.043 ± 0.009

2004 Aug 14 3231.6807 13.044 ± 0.009

2004 Aug 14 3231.6818 13.039 ± 0.008

2004 Aug 14 3231.6829 13.047 ± 0.009

2004 Aug 14 3231.6841 13.038 ± 0.007

2004 Aug 14 3231.6852 13.041 ± 0.008
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Table B.5: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag

2004 Aug 14 3231.6863 13.044 ± 0.009

2004 Aug 14 3231.6875 13.044 ± 0.008

2004 Aug 14 3231.6886 13.040 ± 0.007

2004 Aug 14 3231.6897 13.049 ± 0.008

2004 Aug 14 3231.6908 13.048 ± 0.009

2004 Aug 14 3231.6920 13.044 ± 0.008

2004 Aug 14 3231.6941 13.045 ± 0.009

2004 Aug 14 3231.6954 13.036 ± 0.008

2004 Aug 14 3231.6968 13.043 ± 0.008

2004 Aug 14 3231.6982 13.040 ± 0.011

2004 Aug 14 3231.6995 13.045 ± 0.008

2004 Aug 14 3231.7009 13.042 ± 0.008

2004 Aug 14 3231.7022 13.042 ± 0.008

2004 Aug 14 3231.7036 13.051 ± 0.008

2004 Aug 14 3231.7049 13.043 ± 0.007

2004 Aug 14 3231.7063 13.045 ± 0.009

2004 Aug 14 3231.7613 13.038 ± 0.008

2004 Aug 14 3231.7630 13.042 ± 0.009

2004 Aug 14 3231.7647 13.038 ± 0.007

2004 Aug 14 3231.7665 13.040 ± 0.008

2004 Aug 14 3231.7682 13.028 ± 0.007

2004 Aug 14 3231.7699 13.038 ± 0.008

2004 Aug 14 3231.7741 13.034 ± 0.008

2004 Aug 14 3231.7756 13.040 ± 0.007

2004 Aug 14 3231.7771 13.038 ± 0.007

2004 Aug 14 3231.7785 13.038 ± 0.007

2004 Aug 14 3231.7800 13.037 ± 0.008

2004 Aug 14 3231.7815 13.037 ± 0.008

2004 Aug 14 3231.7829 13.040 ± 0.008

2004 Aug 14 3231.7844 13.036 ± 0.007

2004 Aug 14 3231.7859 13.036 ± 0.008

2004 Aug 14 3231.7874 13.036 ± 0.008
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Table B.5: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag

2004 Aug 14 3231.7888 13.036 ± 0.008

2004 Aug 14 3231.7903 13.039 ± 0.007

2004 Aug 14 3231.7918 13.034 ± 0.008

2004 Aug 14 3231.7933 13.040 ± 0.007

2004 Aug 14 3231.7947 13.037 ± 0.007

2004 Aug 14 3231.7962 13.039 ± 0.008

2004 Aug 14 3231.7977 13.037 ± 0.008

2004 Aug 14 3231.7991 13.035 ± 0.007

2004 Aug 14 3231.8006 13.039 ± 0.008

2004 Aug 14 3231.8021 13.037 ± 0.007

2004 Aug 14 3231.8065 13.039 ± 0.008

2004 Aug 14 3231.8080 13.040 ± 0.008

2004 Aug 14 3231.8095 13.039 ± 0.008

2004 Aug 14 3231.8110 13.038 ± 0.007

2004 Aug 14 3231.8124 13.040 ± 0.008

2004 Aug 14 3231.8139 13.039 ± 0.007

2004 Aug 14 3231.8154 13.040 ± 0.008

2004 Aug 14 3231.8169 13.038 ± 0.007

2004 Aug 14 3231.8183 13.039 ± 0.007

2004 Aug 14 3231.8198 13.042 ± 0.007

2004 Aug 14 3231.8213 13.040 ± 0.008

2004 Aug 14 3231.8227 13.035 ± 0.007

2004 Aug 14 3231.8242 13.040 ± 0.007

2004 Aug 14 3231.8257 13.037 ± 0.008

2004 Aug 14 3231.8272 13.039 ± 0.007

2004 Aug 14 3231.8287 13.039 ± 0.007

2004 Aug 14 3231.8301 13.039 ± 0.007

2004 Aug 14 3231.8316 13.041 ± 0.007

2004 Aug 14 3231.8331 13.039 ± 0.007

2004 Aug 14 3231.8345 13.043 ± 0.008

2004 Aug 14 3231.8607 13.040 ± 0.007

2004 Aug 14 3231.8616 13.038 ± 0.007
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UT Date JD−2,450,000 Apparent Mag

2004 Aug 14 3231.8625 13.034 ± 0.007

2004 Aug 14 3231.8634 13.039 ± 0.009

2004 Aug 14 3231.8643 13.036 ± 0.007

2004 Aug 14 3231.8651 13.034 ± 0.007

2004 Aug 14 3231.8660 13.037 ± 0.009

2004 Aug 14 3231.8669 13.034 ± 0.007

2004 Aug 14 3231.8678 13.040 ± 0.007

2004 Aug 14 3231.8687 13.040 ± 0.007

2004 Aug 14 3231.8696 13.035 ± 0.007

2004 Aug 14 3231.8705 13.042 ± 0.008

2004 Aug 14 3231.8724 13.039 ± 0.008

2004 Aug 14 3231.8733 13.035 ± 0.007

2004 Aug 14 3231.8742 13.033 ± 0.008

2004 Aug 14 3231.8789 13.037 ± 0.008

2004 Aug 14 3231.8797 13.038 ± 0.009

2004 Aug 14 3231.8804 13.036 ± 0.007

2004 Aug 14 3231.8812 13.040 ± 0.009

2004 Aug 14 3231.8820 13.038 ± 0.007

2004 Aug 14 3231.8828 13.041 ± 0.007

2004 Aug 14 3231.8837 13.039 ± 0.007

2004 Aug 14 3231.8844 13.044 ± 0.008

2004 Aug 14 3231.8852 13.040 ± 0.008

2004 Aug 14 3231.8860 13.035 ± 0.008

2004 Aug 14 3231.8868 13.036 ± 0.007

2004 Aug 14 3231.8876 13.040 ± 0.008

2004 Aug 14 3231.8883 13.043 ± 0.008

2004 Aug 14 3231.8891 13.040 ± 0.008

2004 Aug 14 3231.8899 13.040 ± 0.009

2004 Aug 14 3231.9026 13.040 ± 0.008

2004 Aug 14 3231.9033 13.040 ± 0.008

2004 Aug 14 3231.9041 13.037 ± 0.007

2004 Aug 14 3231.9049 13.040 ± 0.007
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UT Date JD−2,450,000 Apparent Mag

2004 Aug 14 3231.9057 13.040 ± 0.008

2004 Aug 15 3232.5784 13.058 ± 0.007

2004 Aug 15 3232.5792 13.060 ± 0.009

2004 Aug 15 3232.5800 13.054 ± 0.009

2004 Aug 15 3232.5807 13.053 ± 0.007

2004 Aug 15 3232.5815 13.061 ± 0.009

2004 Aug 15 3232.5823 13.057 ± 0.007

2004 Aug 15 3232.5831 13.059 ± 0.011

2004 Aug 15 3232.5838 13.056 ± 0.007

2004 Aug 15 3232.5846 13.054 ± 0.007

2004 Aug 15 3232.5854 13.052 ± 0.007

2004 Aug 15 3232.5862 13.059 ± 0.008

2004 Aug 15 3232.5870 13.053 ± 0.008

2004 Aug 15 3232.5877 13.060 ± 0.008

2004 Aug 15 3232.5885 13.056 ± 0.007

2004 Aug 15 3232.5893 13.061 ± 0.008

2004 Aug 15 3232.5901 13.060 ± 0.007

2004 Aug 15 3232.5909 13.057 ± 0.007

2004 Aug 15 3232.5929 13.058 ± 0.008

2004 Aug 15 3232.5940 13.059 ± 0.007

2004 Aug 15 3232.5960 13.054 ± 0.007

2004 Aug 15 3232.5980 13.057 ± 0.008

2004 Aug 15 3232.6000 13.057 ± 0.007

2004 Aug 15 3232.6010 13.061 ± 0.008

2004 Aug 15 3232.6020 13.060 ± 0.008

2004 Aug 15 3232.6030 13.058 ± 0.007

2004 Aug 15 3232.6041 13.059 ± 0.008

2004 Aug 15 3232.6051 13.059 ± 0.008

2004 Aug 15 3232.6061 13.059 ± 0.008

2004 Aug 15 3232.6071 13.057 ± 0.007

2004 Aug 15 3232.6081 13.061 ± 0.009

2004 Aug 15 3232.6091 13.061 ± 0.007

Continued on next page ...



169
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UT Date JD−2,450,000 Apparent Mag

2004 Aug 15 3232.6101 13.059 ± 0.007

2004 Aug 15 3232.6111 13.060 ± 0.007

2004 Aug 15 3232.6121 13.064 ± 0.008

2004 Aug 15 3232.6153 13.059 ± 0.007

2004 Aug 15 3232.6163 13.056 ± 0.008

2004 Aug 15 3232.6173 13.065 ± 0.007

2004 Aug 15 3232.6183 13.068 ± 0.009

2004 Aug 15 3232.6193 13.066 ± 0.011

2004 Aug 15 3232.6204 13.062 ± 0.007

2004 Aug 15 3232.6214 13.059 ± 0.007

2004 Aug 15 3232.6224 13.060 ± 0.008

2004 Aug 15 3232.6235 13.057 ± 0.009

2004 Aug 15 3232.6245 13.065 ± 0.008

2004 Aug 15 3232.6255 13.060 ± 0.007

2004 Aug 15 3232.6265 13.060 ± 0.008

2004 Aug 15 3232.6275 13.064 ± 0.007

2004 Aug 15 3232.6285 13.061 ± 0.007

2004 Aug 15 3232.6295 13.064 ± 0.007

2004 Aug 15 3232.6306 13.062 ± 0.007

2004 Aug 15 3232.6316 13.060 ± 0.007

2004 Aug 15 3232.6393 13.070 ± 0.007

2004 Aug 15 3232.6407 13.060 ± 0.009

2004 Aug 15 3232.6421 13.065 ± 0.009

2004 Aug 15 3232.6434 13.062 ± 0.008

2004 Aug 15 3232.6448 13.067 ± 0.008

2004 Aug 15 3232.6461 13.069 ± 0.007

2004 Aug 15 3232.6475 13.068 ± 0.007

2004 Aug 15 3232.6488 13.074 ± 0.007

2004 Aug 15 3232.6502 13.068 ± 0.007

2004 Aug 15 3232.6516 13.074 ± 0.007

2004 Aug 15 3232.6529 13.065 ± 0.007

2004 Aug 15 3232.6543 13.064 ± 0.007
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UT Date JD−2,450,000 Apparent Mag

2004 Aug 15 3232.6556 13.065 ± 0.007

2004 Aug 15 3232.6752 13.072 ± 0.008

2004 Aug 15 3232.6766 13.067 ± 0.008

2004 Aug 15 3232.6780 13.062 ± 0.009

2004 Aug 15 3232.6793 13.065 ± 0.007

2004 Aug 15 3232.6807 13.066 ± 0.008

2004 Aug 15 3232.6820 13.069 ± 0.008

2004 Aug 15 3232.6834 13.067 ± 0.009

2004 Aug 15 3232.6848 13.069 ± 0.008

2004 Aug 15 3232.6861 13.076 ± 0.008

2004 Aug 15 3232.6875 13.064 ± 0.008

2004 Aug 15 3232.6888 13.069 ± 0.008

2004 Aug 15 3232.6902 13.070 ± 0.008

2004 Aug 15 3232.6916 13.061 ± 0.008

2004 Aug 15 3232.6929 13.059 ± 0.009

2004 Aug 15 3232.6943 13.065 ± 0.007

2004 Aug 15 3232.6956 13.070 ± 0.008

2004 Aug 15 3232.6970 13.071 ± 0.009

2004 Aug 15 3232.7313 13.070 ± 0.008

2004 Aug 15 3232.7322 13.069 ± 0.007

2004 Aug 15 3232.7331 13.071 ± 0.009

2004 Aug 15 3232.7340 13.069 ± 0.007

2004 Aug 15 3232.7349 13.068 ± 0.007

2004 Aug 15 3232.7358 13.072 ± 0.008

2004 Aug 15 3232.7384 13.078 ± 0.008

2004 Aug 15 3232.7393 13.069 ± 0.007

2004 Aug 15 3232.7402 13.071 ± 0.009

2004 Aug 15 3232.7411 13.073 ± 0.007

2004 Aug 15 3232.7420 13.075 ± 0.009

2004 Aug 15 3232.7429 13.071 ± 0.007

2004 Aug 15 3232.7438 13.067 ± 0.007

2004 Aug 15 3232.7447 13.068 ± 0.007
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UT Date JD−2,450,000 Apparent Mag

2004 Aug 15 3232.7456 13.077 ± 0.008

2004 Aug 15 3232.7465 13.065 ± 0.007

2004 Aug 15 3232.7474 13.076 ± 0.007

2004 Aug 15 3232.7483 13.076 ± 0.009

2004 Aug 15 3232.7492 13.072 ± 0.007

2004 Aug 15 3232.7501 13.078 ± 0.007

2004 Aug 15 3232.7510 13.078 ± 0.007

2004 Aug 15 3232.7519 13.078 ± 0.008

2004 Aug 15 3232.7527 13.075 ± 0.007

2004 Aug 15 3232.7536 13.063 ± 0.007

2004 Aug 15 3232.7545 13.070 ± 0.007

2004 Aug 15 3232.7554 13.079 ± 0.007

2004 Aug 15 3232.7586 13.074 ± 0.007

2004 Aug 15 3232.7599 13.079 ± 0.008

2004 Aug 15 3232.7613 13.084 ± 0.009

2004 Aug 15 3232.7627 13.075 ± 0.009

2004 Aug 15 3232.7640 13.081 ± 0.009

2004 Aug 15 3232.7654 13.079 ± 0.008

2004 Aug 15 3232.7667 13.077 ± 0.008

2004 Aug 15 3232.7681 13.078 ± 0.007

2004 Aug 15 3232.7695 13.079 ± 0.007

2004 Aug 15 3232.7708 13.079 ± 0.007

2004 Aug 15 3232.7742 13.078 ± 0.008

2004 Aug 15 3232.7756 13.080 ± 0.007

2004 Aug 15 3232.7783 13.084 ± 0.009

2004 Aug 15 3232.7796 13.079 ± 0.007

2004 Aug 15 3232.7810 13.083 ± 0.008

2004 Aug 15 3232.7824 13.081 ± 0.008

2004 Aug 15 3232.7837 13.080 ± 0.007

2004 Aug 15 3232.7851 13.082 ± 0.008

2004 Aug 15 3232.7865 13.078 ± 0.008

2004 Aug 15 3232.8042 13.085 ± 0.007
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UT Date JD−2,450,000 Apparent Mag

2004 Aug 15 3232.8056 13.082 ± 0.008

2004 Aug 15 3232.8069 13.086 ± 0.007

2004 Aug 15 3232.8083 13.085 ± 0.009

2004 Aug 15 3232.8096 13.083 ± 0.008

2004 Aug 15 3232.8110 13.081 ± 0.007

2004 Aug 15 3232.8124 13.081 ± 0.008

2004 Aug 15 3232.8156 13.081 ± 0.008

2004 Aug 15 3232.8169 13.084 ± 0.008

2004 Aug 15 3232.8183 13.084 ± 0.007

2004 Aug 15 3232.8197 13.078 ± 0.007

2004 Aug 15 3232.8210 13.082 ± 0.007

2004 Aug 15 3232.8224 13.080 ± 0.008

2004 Aug 15 3232.8237 13.083 ± 0.007

2004 Aug 15 3232.8251 13.083 ± 0.008

2004 Aug 15 3232.8265 13.082 ± 0.009

2004 Aug 15 3232.8278 13.079 ± 0.007

2004 Aug 15 3232.8292 13.080 ± 0.007

2004 Aug 15 3232.8305 13.082 ± 0.007

2004 Aug 15 3232.8319 13.083 ± 0.007

2004 Aug 15 3232.8332 13.080 ± 0.007

2004 Aug 15 3232.8346 13.082 ± 0.009

2004 Aug 15 3232.8360 13.083 ± 0.008

2004 Aug 15 3232.8373 13.089 ± 0.014

2004 Aug 15 3232.8387 13.083 ± 0.008

2004 Aug 15 3232.8400 13.082 ± 0.008

2004 Aug 15 3232.8414 13.080 ± 0.008

2004 Aug 15 3232.8444 13.082 ± 0.007

2004 Aug 15 3232.8458 13.082 ± 0.007

2004 Aug 15 3232.8472 13.087 ± 0.008

2004 Aug 15 3232.8485 13.079 ± 0.008

2004 Aug 15 3232.8499 13.084 ± 0.008

2004 Aug 15 3232.8512 13.081 ± 0.007
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UT Date JD−2,450,000 Apparent Mag

2004 Aug 15 3232.8526 13.081 ± 0.008

2004 Aug 15 3232.8540 13.090 ± 0.007

2004 Aug 15 3232.8553 13.081 ± 0.007

2004 Aug 15 3232.8567 13.084 ± 0.008

2004 Aug 15 3232.8580 13.082 ± 0.007

2004 Aug 15 3232.8594 13.088 ± 0.007

2004 Aug 15 3232.8607 13.083 ± 0.007

2004 Aug 15 3232.8621 13.084 ± 0.008

2004 Aug 15 3232.8635 13.081 ± 0.007

2004 Aug 15 3232.8648 13.080 ± 0.007

2004 Aug 15 3232.8662 13.081 ± 0.008

2004 Aug 15 3232.8675 13.085 ± 0.007

2004 Aug 15 3232.8689 13.087 ± 0.008

2004 Aug 15 3232.8702 13.085 ± 0.008

2004 Aug 20 3237.5287 13.091 ± 0.021

2004 Aug 20 3237.5297 13.088 ± 0.021

2004 Aug 20 3237.5307 13.087 ± 0.021

2004 Aug 20 3237.5318 13.090 ± 0.019

2004 Aug 20 3237.5328 13.089 ± 0.019

2004 Aug 20 3237.5338 13.087 ± 0.021

2004 Aug 20 3237.5348 13.091 ± 0.020

2004 Aug 20 3237.5369 13.089 ± 0.022

2004 Aug 20 3237.5378 13.086 ± 0.019

2004 Aug 20 3237.5387 13.088 ± 0.020

2004 Aug 20 3237.5396 13.086 ± 0.019

2004 Aug 20 3237.5405 13.085 ± 0.019

2004 Aug 20 3237.5414 13.089 ± 0.020

2004 Aug 20 3237.5423 13.089 ± 0.018

2004 Aug 20 3237.5432 13.090 ± 0.021

2004 Aug 20 3237.5441 13.089 ± 0.019

2004 Aug 20 3237.5450 13.089 ± 0.021

2004 Aug 20 3237.5471 13.090 ± 0.019
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UT Date JD−2,450,000 Apparent Mag

2004 Aug 20 3237.5480 13.088 ± 0.019

2004 Aug 20 3237.5489 13.087 ± 0.018

2004 Aug 20 3237.5498 13.082 ± 0.021

2004 Aug 20 3237.5516 13.085 ± 0.022

2004 Aug 20 3237.5525 13.085 ± 0.020

2004 Aug 20 3237.5534 13.086 ± 0.023

2004 Aug 20 3237.5543 13.083 ± 0.022

2004 Aug 20 3237.5552 13.084 ± 0.020

2004 Aug 20 3237.5561 13.086 ± 0.020

2004 Aug 20 3237.5570 13.086 ± 0.020

2004 Aug 20 3237.5579 13.088 ± 0.019

2004 Aug 20 3237.5587 13.088 ± 0.021

2004 Aug 20 3237.5596 13.084 ± 0.020

2004 Aug 20 3237.5605 13.086 ± 0.021

2004 Aug 20 3237.5614 13.085 ± 0.020

2004 Aug 20 3237.5623 13.089 ± 0.018

2004 Aug 20 3237.5632 13.084 ± 0.020

2004 Aug 20 3237.5641 13.085 ± 0.021

2004 Aug 20 3237.5669 13.086 ± 0.021

2004 Aug 20 3237.5679 13.084 ± 0.020

2004 Aug 20 3237.5689 13.087 ± 0.019

2004 Aug 20 3237.5699 13.084 ± 0.020

2004 Aug 20 3237.5709 13.082 ± 0.021

2004 Aug 20 3237.5719 13.086 ± 0.021

2004 Aug 20 3237.5729 13.083 ± 0.021

2004 Aug 20 3237.5739 13.085 ± 0.020

2004 Aug 20 3237.5760 13.085 ± 0.021

2004 Aug 20 3237.5955 13.077 ± 0.020

2004 Aug 20 3237.5965 13.076 ± 0.021

2004 Aug 20 3237.5975 13.077 ± 0.020

2004 Aug 20 3237.5985 13.077 ± 0.019

2004 Aug 20 3237.5995 13.074 ± 0.017
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UT Date JD−2,450,000 Apparent Mag

2004 Aug 20 3237.6005 13.077 ± 0.017

2004 Aug 20 3237.6028 13.075 ± 0.019

2004 Aug 20 3237.6038 13.074 ± 0.018

2004 Aug 20 3237.6048 13.075 ± 0.018

2004 Aug 20 3237.6058 13.075 ± 0.020

2004 Aug 20 3237.6068 13.072 ± 0.018

2004 Aug 20 3237.6078 13.076 ± 0.019

2004 Aug 20 3237.6088 13.075 ± 0.020

2004 Aug 20 3237.6098 13.073 ± 0.020

2004 Aug 20 3237.6108 13.075 ± 0.018

2004 Aug 20 3237.6118 13.073 ± 0.019

2004 Aug 20 3237.6129 13.076 ± 0.019

2004 Aug 20 3237.6138 13.077 ± 0.018

2004 Aug 20 3237.6149 13.075 ± 0.019

2004 Aug 20 3237.6159 13.076 ± 0.019

2004 Aug 20 3237.6169 13.073 ± 0.018

2004 Aug 20 3237.6179 13.071 ± 0.020

2004 Aug 20 3237.6189 13.079 ± 0.016

2004 Aug 20 3237.6199 13.074 ± 0.018

2004 Aug 20 3237.6209 13.075 ± 0.018

2004 Aug 20 3237.6219 13.073 ± 0.019

2004 Aug 20 3237.6246 13.074 ± 0.020

2004 Aug 20 3237.6256 13.070 ± 0.017

2004 Aug 20 3237.6266 13.074 ± 0.019

2004 Aug 20 3237.6276 13.068 ± 0.020

2004 Aug 20 3237.6286 13.073 ± 0.020

2004 Aug 20 3237.6296 13.072 ± 0.020

2004 Aug 20 3237.6307 13.068 ± 0.021

2004 Aug 20 3237.6317 13.072 ± 0.020

2004 Aug 20 3237.6327 13.071 ± 0.017

2004 Aug 20 3237.6337 13.068 ± 0.021

2004 Aug 20 3237.6347 13.072 ± 0.018
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UT Date JD−2,450,000 Apparent Mag

2004 Aug 20 3237.6357 13.074 ± 0.019

2004 Aug 20 3237.6377 13.073 ± 0.018

2004 Aug 20 3237.6387 13.074 ± 0.017

2004 Aug 20 3237.6397 13.074 ± 0.019

2004 Aug 20 3237.6407 13.067 ± 0.019

2004 Aug 20 3237.6418 13.069 ± 0.018

2004 Aug 20 3237.6428 13.071 ± 0.020

2004 Aug 20 3237.6438 13.070 ± 0.020

2004 Aug 20 3237.6634 13.068 ± 0.018

2004 Aug 20 3237.6645 13.067 ± 0.020

2004 Aug 20 3237.6655 13.069 ± 0.017

2004 Aug 20 3237.6665 13.070 ± 0.019

2004 Aug 20 3237.6675 13.068 ± 0.020

2004 Aug 20 3237.6685 13.069 ± 0.020

2004 Aug 20 3237.6695 13.066 ± 0.019

2004 Aug 20 3237.6717 13.070 ± 0.016

2004 Aug 20 3237.6727 13.068 ± 0.021

2004 Aug 20 3237.6737 13.066 ± 0.019

2004 Aug 20 3237.6747 13.068 ± 0.018

2004 Aug 20 3237.6757 13.065 ± 0.019

2004 Aug 20 3237.6768 13.067 ± 0.019

2004 Aug 20 3237.6778 13.068 ± 0.020

2004 Aug 20 3237.6788 13.072 ± 0.017

2004 Aug 20 3237.6798 13.069 ± 0.018

2004 Aug 20 3237.6808 13.063 ± 0.019

2004 Aug 20 3237.6818 13.071 ± 0.019

2004 Aug 20 3237.6828 13.066 ± 0.019

2004 Aug 20 3237.6838 13.069 ± 0.018

2004 Aug 20 3237.6848 13.068 ± 0.018

2004 Aug 20 3237.6858 13.069 ± 0.019

2004 Aug 20 3237.6869 13.067 ± 0.018

2004 Aug 20 3237.6879 13.063 ± 0.019
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UT Date JD−2,450,000 Apparent Mag

2004 Aug 20 3237.6889 13.069 ± 0.018

2004 Aug 20 3237.6899 13.071 ± 0.018

2004 Aug 20 3237.6909 13.066 ± 0.019

2004 Aug 20 3237.6923 13.064 ± 0.021

2004 Aug 20 3237.6933 13.070 ± 0.019

2004 Aug 20 3237.6943 13.070 ± 0.019

2004 Aug 20 3237.6954 13.067 ± 0.021

2004 Aug 20 3237.6964 13.071 ± 0.018

2004 Aug 20 3237.6974 13.073 ± 0.018

2004 Aug 20 3237.6984 13.069 ± 0.019

2004 Aug 20 3237.6994 13.069 ± 0.018

2004 Aug 20 3237.7004 13.067 ± 0.021

2004 Aug 20 3237.7014 13.069 ± 0.019

2004 Aug 20 3237.7364 13.068 ± 0.018

2004 Aug 20 3237.7374 13.067 ± 0.018

2004 Aug 20 3237.7384 13.069 ± 0.018

2004 Aug 20 3237.7394 13.069 ± 0.017

2004 Aug 20 3237.7404 13.067 ± 0.018

2004 Aug 20 3237.7419 13.067 ± 0.019

2004 Aug 20 3237.7429 13.065 ± 0.017

2004 Aug 20 3237.7439 13.064 ± 0.018

2004 Aug 20 3237.7449 13.065 ± 0.018

2004 Aug 20 3237.7459 13.065 ± 0.018

2004 Aug 20 3237.7469 13.066 ± 0.018

2004 Aug 20 3237.7480 13.067 ± 0.019

2004 Aug 20 3237.7490 13.066 ± 0.017

2004 Aug 20 3237.7500 13.065 ± 0.018

2004 Aug 20 3237.7510 13.067 ± 0.019

2004 Aug 20 3237.7520 13.063 ± 0.019

2004 Aug 20 3237.7530 13.061 ± 0.020

2004 Aug 20 3237.7540 13.058 ± 0.019

2004 Aug 20 3237.7550 13.063 ± 0.018
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UT Date JD−2,450,000 Apparent Mag

2004 Aug 20 3237.7560 13.062 ± 0.017

2004 Aug 20 3237.7570 13.063 ± 0.018

2004 Aug 20 3237.7580 13.061 ± 0.019

2004 Aug 20 3237.7590 13.063 ± 0.018

2004 Aug 20 3237.7601 13.064 ± 0.019

2004 Aug 20 3237.7611 13.059 ± 0.019

2004 Aug 20 3237.7640 13.061 ± 0.017

2004 Aug 20 3237.7650 13.058 ± 0.017

2004 Aug 20 3237.7660 13.058 ± 0.018

2004 Aug 20 3237.7670 13.060 ± 0.019

2004 Aug 20 3237.7680 13.056 ± 0.020

2004 Aug 20 3237.7690 13.059 ± 0.017

2004 Aug 20 3237.7700 13.059 ± 0.017

2004 Aug 20 3237.7711 13.067 ± 0.018

2004 Aug 20 3237.7721 13.058 ± 0.018

2004 Aug 20 3237.7731 13.056 ± 0.019

2004 Aug 20 3237.7741 13.053 ± 0.018

2004 Aug 20 3237.7751 13.056 ± 0.019

2004 Aug 20 3237.7761 13.056 ± 0.017

2004 Aug 20 3237.7771 13.056 ± 0.019

2004 Aug 20 3237.7781 13.057 ± 0.018

2004 Aug 20 3237.7791 13.058 ± 0.018

2004 Aug 20 3237.7802 13.060 ± 0.017

2004 Aug 20 3237.7812 13.060 ± 0.017

2004 Aug 20 3237.7822 13.060 ± 0.015

2004 Aug 20 3237.7832 13.059 ± 0.019

2004 Aug 20 3237.7986 13.046 ± 0.020

2004 Aug 20 3237.7996 13.050 ± 0.018

2004 Aug 20 3237.8007 13.048 ± 0.018

2004 Aug 20 3237.8017 13.050 ± 0.018

2004 Aug 20 3237.8027 13.050 ± 0.018

2004 Aug 20 3237.8037 13.044 ± 0.020
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UT Date JD−2,450,000 Apparent Mag

2004 Aug 20 3237.8047 13.046 ± 0.019

2004 Aug 20 3237.8071 13.046 ± 0.019

2004 Aug 20 3237.8081 13.046 ± 0.018

2004 Aug 20 3237.8091 13.046 ± 0.018

2004 Aug 20 3237.8101 13.049 ± 0.017

2004 Aug 20 3237.8111 13.045 ± 0.017

2004 Aug 20 3237.8121 13.043 ± 0.019

2004 Aug 20 3237.8131 13.046 ± 0.016

2004 Aug 20 3237.8142 13.042 ± 0.016

2004 Aug 20 3237.8152 13.050 ± 0.016

2004 Aug 20 3237.8162 13.042 ± 0.017

2004 Aug 20 3237.8172 13.045 ± 0.017

2004 Aug 20 3237.8182 13.043 ± 0.015

2004 Aug 20 3237.8192 13.044 ± 0.019

2004 Aug 20 3237.8202 13.040 ± 0.017

2004 Aug 20 3237.8212 13.036 ± 0.019

2004 Aug 20 3237.8223 13.044 ± 0.019

2004 Aug 20 3237.8232 13.041 ± 0.017

2004 Aug 20 3237.8243 13.040 ± 0.019

2004 Aug 20 3237.8253 13.037 ± 0.017

2004 Aug 20 3237.8263 13.039 ± 0.020

2004 Aug 20 3237.8295 13.040 ± 0.017

2004 Aug 20 3237.8305 13.039 ± 0.018

2004 Aug 20 3237.8315 13.041 ± 0.016

2004 Aug 20 3237.8325 13.041 ± 0.016

2004 Aug 20 3237.8335 13.037 ± 0.018

2004 Aug 20 3237.8345 13.039 ± 0.017

2004 Aug 20 3237.8355 13.038 ± 0.018

2004 Aug 20 3237.8366 13.039 ± 0.016

2004 Aug 20 3237.8376 13.037 ± 0.018

2004 Aug 20 3237.8386 13.036 ± 0.018

2004 Aug 20 3237.8396 13.034 ± 0.018
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UT Date JD−2,450,000 Apparent Mag

2004 Aug 20 3237.8406 13.034 ± 0.019

2004 Aug 20 3237.8416 13.036 ± 0.016

2004 Aug 20 3237.8426 13.036 ± 0.018

2004 Aug 20 3237.8436 13.034 ± 0.017

2004 Aug 20 3237.8446 13.033 ± 0.019

2004 Aug 20 3237.8457 13.033 ± 0.020

2004 Aug 20 3237.8467 13.032 ± 0.018

2004 Aug 20 3237.8477 13.030 ± 0.018

2004 Aug 20 3237.8487 13.030 ± 0.018

2004 Aug 20 3237.8661 13.028 ± 0.017

2004 Aug 20 3237.8671 13.020 ± 0.020

2004 Aug 20 3237.8681 13.026 ± 0.016

2004 Aug 20 3237.8691 13.026 ± 0.019

2004 Aug 20 3237.8701 13.026 ± 0.019

2004 Aug 20 3237.8712 13.021 ± 0.019

2004 Aug 20 3237.8732 13.017 ± 0.018

2004 Aug 20 3237.8742 13.019 ± 0.018

2004 Aug 20 3237.8752 13.022 ± 0.018

2004 Aug 20 3237.8762 13.019 ± 0.017

2004 Aug 20 3237.8772 13.023 ± 0.016

2004 Aug 20 3237.8782 13.021 ± 0.018

2004 Aug 20 3237.8792 13.020 ± 0.019

2004 Aug 20 3237.8813 13.022 ± 0.018

2004 Aug 21 3238.5246 12.911 ± 0.018

2004 Aug 21 3238.5256 12.912 ± 0.020

2004 Aug 21 3238.5266 12.911 ± 0.021

2004 Aug 21 3238.5276 12.914 ± 0.023

2004 Aug 21 3238.5286 12.906 ± 0.019

2004 Aug 21 3238.5296 12.914 ± 0.019

2004 Aug 21 3238.5338 12.918 ± 0.023

2004 Aug 21 3238.5351 12.914 ± 0.019

2004 Aug 21 3238.5365 12.914 ± 0.022
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UT Date JD−2,450,000 Apparent Mag

2004 Aug 21 3238.5378 12.918 ± 0.024

2004 Aug 21 3238.5392 12.915 ± 0.019

2004 Aug 21 3238.5406 12.911 ± 0.020

2004 Aug 21 3238.5419 12.914 ± 0.022

2004 Aug 21 3238.5433 12.922 ± 0.021

2004 Aug 21 3238.5446 12.910 ± 0.022

2004 Aug 21 3238.5460 12.924 ± 0.020

2004 Aug 21 3238.5478 12.919 ± 0.021

2004 Aug 21 3238.5492 12.915 ± 0.023

2004 Aug 21 3238.5506 12.908 ± 0.018

2004 Aug 21 3238.5519 12.913 ± 0.018

2004 Aug 21 3238.5533 12.914 ± 0.020

2004 Aug 21 3238.5546 12.910 ± 0.022

2004 Aug 21 3238.5560 12.919 ± 0.022

2004 Aug 21 3238.5573 12.916 ± 0.019

2004 Aug 21 3238.5587 12.907 ± 0.022

2004 Aug 21 3238.5601 12.921 ± 0.020

2004 Aug 21 3238.5614 12.918 ± 0.021

2004 Aug 21 3238.5628 12.921 ± 0.025

2004 Aug 21 3238.5641 12.909 ± 0.021

2004 Aug 21 3238.5655 12.924 ± 0.022

2004 Aug 21 3238.5669 12.917 ± 0.023

2004 Aug 21 3238.5682 12.905 ± 0.022

2004 Aug 21 3238.5696 12.906 ± 0.021

2004 Aug 21 3238.5709 12.917 ± 0.021

2004 Aug 21 3238.5723 12.922 ± 0.020

2004 Aug 21 3238.5736 12.916 ± 0.019

2004 Aug 21 3238.5766 12.907 ± 0.021

2004 Aug 21 3238.5780 12.908 ± 0.023

2004 Aug 21 3238.5793 12.912 ± 0.021

2004 Aug 21 3238.5807 12.908 ± 0.021

2004 Aug 21 3238.5821 12.907 ± 0.019
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2004 Aug 21 3238.6029 12.904 ± 0.021

2004 Aug 21 3238.6043 12.900 ± 0.022

2004 Aug 21 3238.6056 12.903 ± 0.020

2004 Aug 21 3238.6070 12.902 ± 0.022

2004 Aug 21 3238.6083 12.910 ± 0.021

2004 Aug 21 3238.6097 12.904 ± 0.020

2004 Aug 21 3238.6110 12.905 ± 0.019

2004 Aug 21 3238.6124 12.906 ± 0.020

2004 Aug 21 3238.6138 12.904 ± 0.023

2004 Aug 21 3238.6151 12.901 ± 0.021

2004 Aug 21 3238.6165 12.899 ± 0.021

2004 Aug 21 3238.6179 12.901 ± 0.021

2004 Aug 21 3238.6227 12.901 ± 0.021

2004 Aug 21 3238.6241 12.902 ± 0.019

2004 Aug 21 3238.6254 12.905 ± 0.021

2004 Aug 21 3238.6268 12.899 ± 0.021

2004 Aug 21 3238.6282 12.899 ± 0.024

2004 Aug 21 3238.6295 12.897 ± 0.020

2004 Aug 21 3238.6309 12.902 ± 0.021

2004 Aug 21 3238.6322 12.901 ± 0.019

2004 Aug 21 3238.6336 12.904 ± 0.019

2004 Aug 21 3238.6349 12.896 ± 0.020

2004 Aug 21 3238.6363 12.901 ± 0.020

2004 Aug 21 3238.6376 12.897 ± 0.021

2004 Aug 21 3238.6390 12.899 ± 0.018

2004 Aug 21 3238.6404 12.903 ± 0.018

2004 Aug 21 3238.6417 12.902 ± 0.020

2004 Aug 21 3238.6431 12.896 ± 0.020

2004 Aug 21 3238.6444 12.892 ± 0.021

2004 Aug 21 3238.6458 12.897 ± 0.019

2004 Aug 21 3238.6472 12.894 ± 0.021

2004 Aug 21 3238.6485 12.896 ± 0.019
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UT Date JD−2,450,000 Apparent Mag

2004 Aug 21 3238.6521 12.895 ± 0.022

2004 Aug 21 3238.6535 12.897 ± 0.020

2004 Aug 21 3238.6549 12.895 ± 0.020

2004 Aug 21 3238.6562 12.896 ± 0.020

2004 Aug 21 3238.6576 12.895 ± 0.020

2004 Aug 21 3238.6589 12.894 ± 0.019

2004 Aug 21 3238.6603 12.894 ± 0.021

2004 Aug 21 3238.6616 12.893 ± 0.021

2004 Aug 21 3238.6630 12.893 ± 0.019

2004 Aug 21 3238.6644 12.890 ± 0.021

2004 Aug 21 3238.6823 12.887 ± 0.020

2004 Aug 21 3238.6833 12.886 ± 0.019

2004 Aug 21 3238.6844 12.887 ± 0.019

2004 Aug 21 3238.6854 12.889 ± 0.018

2004 Aug 21 3238.6864 12.885 ± 0.021

2004 Aug 21 3238.6874 12.888 ± 0.020

2004 Aug 21 3238.6884 12.887 ± 0.018

2004 Aug 21 3238.6913 12.886 ± 0.020

2004 Aug 21 3238.6923 12.884 ± 0.021

2004 Aug 21 3238.6933 12.887 ± 0.018

2004 Aug 21 3238.6944 12.882 ± 0.020

2004 Aug 21 3238.6954 12.885 ± 0.019

2004 Aug 21 3238.6964 12.889 ± 0.020

2004 Aug 21 3238.6974 12.887 ± 0.020

2004 Aug 21 3238.6984 12.884 ± 0.023

2004 Aug 21 3238.6994 12.888 ± 0.020

2004 Aug 21 3238.7004 12.888 ± 0.020

2004 Aug 21 3238.7014 12.887 ± 0.019

2004 Aug 21 3238.7024 12.887 ± 0.019

2004 Aug 21 3238.7034 12.887 ± 0.021

2004 Aug 21 3238.7045 12.886 ± 0.021

2004 Aug 21 3238.7055 12.886 ± 0.020
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UT Date JD−2,450,000 Apparent Mag

2004 Aug 21 3238.7065 12.885 ± 0.019

2004 Aug 21 3238.7076 12.884 ± 0.019

2004 Aug 21 3238.7086 12.884 ± 0.019

2004 Aug 21 3238.7096 12.887 ± 0.020

2004 Aug 21 3238.7106 12.885 ± 0.019

2004 Aug 21 3238.7444 12.892 ± 0.017

2004 Aug 21 3238.7454 12.887 ± 0.015

2004 Aug 21 3238.7464 12.889 ± 0.016

2004 Aug 21 3238.7475 12.888 ± 0.016

2004 Aug 21 3238.7485 12.886 ± 0.019

2004 Aug 21 3238.7495 12.886 ± 0.017

2004 Aug 21 3238.7517 12.887 ± 0.017

2004 Aug 21 3238.7523 12.889 ± 0.017

2004 Aug 21 3238.7528 12.887 ± 0.018

2004 Aug 21 3238.7534 12.892 ± 0.014

2004 Aug 21 3238.7539 12.888 ± 0.015

2004 Aug 21 3238.7545 12.890 ± 0.013

2004 Aug 21 3238.7568 12.884 ± 0.016

2004 Aug 21 3238.7579 12.880 ± 0.018

2004 Aug 21 3238.7589 12.885 ± 0.018

2004 Aug 21 3238.7599 12.884 ± 0.018

2004 Aug 21 3238.7609 12.883 ± 0.016

2004 Aug 21 3238.7619 12.883 ± 0.020

2004 Aug 21 3238.7629 12.883 ± 0.018

2004 Aug 21 3238.7639 12.887 ± 0.016

2004 Aug 21 3238.7649 12.885 ± 0.016

2004 Aug 21 3238.7659 12.888 ± 0.017

2004 Aug 21 3238.7669 12.883 ± 0.018

2004 Aug 21 3238.7679 12.886 ± 0.016

2004 Aug 21 3238.7690 12.888 ± 0.015

2004 Aug 21 3238.7700 12.886 ± 0.016

2004 Aug 21 3238.7722 12.884 ± 0.016
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UT Date JD−2,450,000 Apparent Mag

2004 Aug 21 3238.7732 12.885 ± 0.018

2004 Aug 21 3238.7742 12.888 ± 0.015

2004 Aug 21 3238.7752 12.887 ± 0.017

2004 Aug 21 3238.7762 12.884 ± 0.018

2004 Aug 21 3238.7773 12.887 ± 0.016

2004 Aug 21 3238.7783 12.887 ± 0.018

2004 Aug 21 3238.7793 12.887 ± 0.016

2004 Aug 21 3238.7803 12.884 ± 0.019

2004 Aug 21 3238.7813 12.883 ± 0.017

2004 Aug 21 3238.7823 12.886 ± 0.015

2004 Aug 21 3238.7833 12.887 ± 0.020

2004 Aug 21 3238.7843 12.889 ± 0.016

2004 Aug 21 3238.7853 12.888 ± 0.016

2004 Aug 21 3238.7863 12.888 ± 0.016

2004 Aug 21 3238.7874 12.889 ± 0.015

2004 Aug 21 3238.7884 12.886 ± 0.017

2004 Aug 21 3238.7894 12.887 ± 0.016

2004 Aug 21 3238.7904 12.884 ± 0.017

2004 Aug 21 3238.7914 12.884 ± 0.018

2004 Aug 21 3238.7939 12.889 ± 0.016

2004 Aug 21 3238.7949 12.887 ± 0.017

2004 Aug 21 3238.7959 12.888 ± 0.016

2004 Aug 21 3238.7969 12.888 ± 0.019

2004 Aug 21 3238.7979 12.885 ± 0.017

2004 Aug 21 3238.7990 12.887 ± 0.017

2004 Aug 21 3238.8000 12.890 ± 0.016

2004 Aug 21 3238.8010 12.889 ± 0.017

2004 Aug 21 3238.8020 12.887 ± 0.015

2004 Aug 21 3238.8030 12.885 ± 0.015

2004 Aug 21 3238.8188 12.887 ± 0.016

2004 Aug 21 3238.8198 12.889 ± 0.016

2004 Aug 21 3238.8208 12.889 ± 0.018
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UT Date JD−2,450,000 Apparent Mag

2004 Aug 21 3238.8218 12.882 ± 0.017

2004 Aug 21 3238.8229 12.887 ± 0.017

2004 Aug 21 3238.8238 12.887 ± 0.016

2004 Aug 21 3238.8249 12.889 ± 0.016

2004 Aug 21 3238.8274 12.889 ± 0.016

2004 Aug 21 3238.8285 12.889 ± 0.016

2004 Aug 21 3238.8295 12.887 ± 0.015

2004 Aug 21 3238.8305 12.889 ± 0.016

2004 Aug 21 3238.8315 12.889 ± 0.016

2004 Aug 21 3238.8325 12.890 ± 0.016

2004 Aug 21 3238.8335 12.890 ± 0.017

2004 Aug 21 3238.8345 12.888 ± 0.017

2004 Aug 21 3238.8355 12.888 ± 0.015

2004 Aug 21 3238.8365 12.889 ± 0.015

2004 Aug 21 3238.8375 12.888 ± 0.018

2004 Aug 21 3238.8385 12.887 ± 0.017

2004 Aug 21 3238.8396 12.888 ± 0.018

2004 Aug 21 3238.8406 12.887 ± 0.016

2004 Aug 21 3238.8416 12.887 ± 0.015

2004 Aug 21 3238.8426 12.883 ± 0.018

2004 Aug 21 3238.8436 12.887 ± 0.017

2004 Aug 21 3238.8446 12.884 ± 0.018

2004 Aug 21 3238.8456 12.887 ± 0.018

2004 Aug 21 3238.8466 12.887 ± 0.018

2004 Aug 21 3238.8507 12.886 ± 0.017

2004 Aug 21 3238.8517 12.893 ± 0.016

2004 Aug 21 3238.8527 12.891 ± 0.017

2004 Aug 21 3238.8537 12.890 ± 0.018

2004 Aug 21 3238.8547 12.892 ± 0.017

2004 Aug 21 3238.8557 12.889 ± 0.016

2004 Aug 21 3238.8567 12.885 ± 0.018

2004 Aug 21 3238.8577 12.886 ± 0.017
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UT Date JD−2,450,000 Apparent Mag

2004 Aug 21 3238.8588 12.888 ± 0.018

2004 Aug 21 3238.8598 12.888 ± 0.018

2004 Aug 21 3238.8608 12.888 ± 0.017

2004 Aug 21 3238.8618 12.884 ± 0.018

2004 Aug 21 3238.8628 12.888 ± 0.017

2004 Aug 21 3238.8648 12.888 ± 0.018

2004 Aug 21 3238.8658 12.886 ± 0.016

2004 Aug 21 3238.8668 12.888 ± 0.016

2004 Aug 21 3238.8678 12.891 ± 0.015

2004 Aug 21 3238.8689 12.886 ± 0.016

2004 Aug 21 3238.8699 12.890 ± 0.018

2004 Aug 21 3238.8737 12.883 ± 0.018

2004 Aug 21 3238.8747 12.890 ± 0.021

2004 Aug 21 3238.8757 12.889 ± 0.018

2004 Aug 21 3238.8767 12.886 ± 0.018

2004 Aug 21 3238.8777 12.884 ± 0.017

2004 Aug 21 3238.8870 12.890 ± 0.016

2004 Aug 22 3239.5177 12.850 ± 0.021

2004 Aug 22 3239.5191 12.841 ± 0.018

2004 Aug 22 3239.5204 12.848 ± 0.017

2004 Aug 22 3239.5218 12.851 ± 0.019

2004 Aug 22 3239.5231 12.850 ± 0.019

2004 Aug 22 3239.5245 12.852 ± 0.019

2004 Aug 22 3239.5259 12.848 ± 0.018

2004 Aug 22 3239.5293 12.854 ± 0.018

2004 Aug 22 3239.5307 12.858 ± 0.018

2004 Aug 22 3239.5320 12.851 ± 0.019

2004 Aug 22 3239.5334 12.846 ± 0.018

2004 Aug 22 3239.5348 12.851 ± 0.019

2004 Aug 22 3239.5361 12.849 ± 0.019

2004 Aug 22 3239.5375 12.847 ± 0.019

2004 Aug 22 3239.5388 12.849 ± 0.020
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UT Date JD−2,450,000 Apparent Mag

2004 Aug 22 3239.5402 12.852 ± 0.019

2004 Aug 22 3239.5416 12.851 ± 0.019

2004 Aug 22 3239.5439 12.846 ± 0.017

2004 Aug 22 3239.5453 12.853 ± 0.018

2004 Aug 22 3239.5466 12.849 ± 0.018

2004 Aug 22 3239.5480 12.850 ± 0.017

2004 Aug 22 3239.5493 12.855 ± 0.018

2004 Aug 22 3239.5507 12.851 ± 0.019

2004 Aug 22 3239.5521 12.850 ± 0.019

2004 Aug 22 3239.5534 12.851 ± 0.018

2004 Aug 22 3239.5548 12.851 ± 0.018

2004 Aug 22 3239.5561 12.847 ± 0.021

2004 Aug 22 3239.5575 12.845 ± 0.019

2004 Aug 22 3239.5589 12.853 ± 0.017

2004 Aug 22 3239.5602 12.849 ± 0.021

2004 Aug 22 3239.5616 12.852 ± 0.018

2004 Aug 22 3239.5629 12.848 ± 0.020

2004 Aug 22 3239.5643 12.849 ± 0.018

2004 Aug 22 3239.5656 12.847 ± 0.020

2004 Aug 22 3239.5670 12.850 ± 0.019

2004 Aug 22 3239.5697 12.847 ± 0.019

2004 Aug 22 3239.5874 12.850 ± 0.023

2004 Aug 22 3239.5891 12.853 ± 0.020

2004 Aug 22 3239.5908 12.856 ± 0.017

2004 Aug 22 3239.5925 12.848 ± 0.019

2004 Aug 22 3239.5942 12.857 ± 0.021

2004 Aug 22 3239.5959 12.854 ± 0.020

2004 Aug 22 3239.5976 12.854 ± 0.020

2004 Aug 22 3239.6006 12.850 ± 0.019

2004 Aug 22 3239.6023 12.850 ± 0.019

2004 Aug 22 3239.6040 12.854 ± 0.018

2004 Aug 22 3239.6057 12.853 ± 0.019
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2004 Aug 22 3239.6075 12.847 ± 0.021

2004 Aug 22 3239.6092 12.855 ± 0.019

2004 Aug 22 3239.6109 12.853 ± 0.018

2004 Aug 22 3239.6126 12.854 ± 0.020

2004 Aug 22 3239.6143 12.850 ± 0.019

2004 Aug 22 3239.6160 12.851 ± 0.019

2004 Aug 22 3239.6204 12.851 ± 0.018

2004 Aug 22 3239.6222 12.852 ± 0.018

2004 Aug 22 3239.6239 12.854 ± 0.019

2004 Aug 22 3239.6256 12.861 ± 0.020

2004 Aug 22 3239.6273 12.864 ± 0.018

2004 Aug 22 3239.6290 12.857 ± 0.021

2004 Aug 22 3239.6307 12.855 ± 0.022

2004 Aug 22 3239.6324 12.852 ± 0.021

2004 Aug 22 3239.6341 12.857 ± 0.019

2004 Aug 22 3239.6358 12.852 ± 0.020

2004 Aug 22 3239.6399 12.855 ± 0.020

2004 Aug 22 3239.6416 12.853 ± 0.019

2004 Aug 22 3239.6433 12.855 ± 0.020

2004 Aug 22 3239.6450 12.855 ± 0.020

2004 Aug 22 3239.6467 12.857 ± 0.019

2004 Aug 22 3239.6691 12.857 ± 0.018

2004 Aug 22 3239.6718 12.854 ± 0.018

2004 Aug 22 3239.6732 12.853 ± 0.018

2004 Aug 22 3239.6745 12.861 ± 0.017

2004 Aug 22 3239.6759 12.856 ± 0.019

2004 Aug 22 3239.6772 12.856 ± 0.019

2004 Aug 22 3239.6786 12.856 ± 0.019

2004 Aug 22 3239.6813 12.856 ± 0.020

2004 Aug 22 3239.6827 12.857 ± 0.018

2004 Aug 22 3239.6840 12.857 ± 0.019

2004 Aug 22 3239.6864 12.855 ± 0.019
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2004 Aug 22 3239.6877 12.857 ± 0.019

2004 Aug 22 3239.6891 12.856 ± 0.019

2004 Aug 22 3239.6904 12.855 ± 0.018

2004 Aug 22 3239.6918 12.860 ± 0.018

2004 Aug 22 3239.6932 12.855 ± 0.019

2004 Aug 22 3239.6945 12.858 ± 0.018

2004 Aug 22 3239.6959 12.858 ± 0.019

2004 Aug 22 3239.6972 12.858 ± 0.020

2004 Aug 22 3239.6986 12.861 ± 0.018

2004 Aug 22 3239.6999 12.859 ± 0.018

2004 Aug 22 3239.7013 12.859 ± 0.020

2004 Aug 22 3239.7026 12.858 ± 0.019

2004 Aug 22 3239.7040 12.857 ± 0.019

2004 Aug 22 3239.7054 12.858 ± 0.018

2004 Aug 22 3239.7067 12.858 ± 0.019

2004 Aug 22 3239.7081 12.862 ± 0.018

2004 Aug 22 3239.7094 12.858 ± 0.019

2004 Aug 22 3239.7108 12.859 ± 0.019

2004 Aug 22 3239.7122 12.861 ± 0.018

2004 Aug 22 3239.7499 12.851 ± 0.021

2004 Aug 22 3239.7510 12.859 ± 0.019

2004 Aug 22 3239.7520 12.852 ± 0.019

2004 Aug 22 3239.7530 12.855 ± 0.019

2004 Aug 22 3239.7540 12.852 ± 0.020

2004 Aug 22 3239.7550 12.854 ± 0.019

2004 Aug 22 3239.7593 12.855 ± 0.018

2004 Aug 22 3239.7606 12.857 ± 0.018

2004 Aug 22 3239.7620 12.855 ± 0.019

2004 Aug 22 3239.7634 12.850 ± 0.018

2004 Aug 22 3239.7647 12.855 ± 0.015

2004 Aug 22 3239.7661 12.857 ± 0.018

2004 Aug 22 3239.7674 12.851 ± 0.020
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2004 Aug 22 3239.7688 12.857 ± 0.017

2004 Aug 22 3239.7701 12.853 ± 0.021

2004 Aug 22 3239.7744 12.853 ± 0.019

2004 Aug 22 3239.7757 12.849 ± 0.019

2004 Aug 22 3239.7771 12.853 ± 0.019

2004 Aug 22 3239.7784 12.847 ± 0.021

2004 Aug 22 3239.7798 12.851 ± 0.020

2004 Aug 22 3239.7812 12.849 ± 0.020

2004 Aug 22 3239.7825 12.851 ± 0.019

2004 Aug 22 3239.7839 12.849 ± 0.020

2004 Aug 22 3239.7852 12.849 ± 0.019

2004 Aug 22 3239.7866 12.849 ± 0.020

2004 Aug 22 3239.7879 12.849 ± 0.019

2004 Aug 22 3239.7893 12.859 ± 0.009

2004 Aug 22 3239.7907 12.849 ± 0.020

2004 Aug 22 3239.7920 12.849 ± 0.018

2004 Aug 22 3239.7934 12.851 ± 0.018

2004 Aug 22 3239.7947 12.850 ± 0.019

2004 Aug 22 3239.7961 12.869 ± 0.012

2004 Aug 22 3239.7974 12.847 ± 0.018

2004 Aug 22 3239.7988 12.846 ± 0.018

2004 Aug 22 3239.8002 12.845 ± 0.017

2004 Aug 22 3239.8031 12.846 ± 0.018

2004 Aug 22 3239.8045 12.847 ± 0.018

2004 Aug 22 3239.8058 12.845 ± 0.018

2004 Aug 22 3239.8072 12.845 ± 0.018

2004 Aug 22 3239.8085 12.847 ± 0.017

2004 Aug 22 3239.8099 12.845 ± 0.019

2004 Aug 22 3239.8113 12.843 ± 0.018

2004 Aug 22 3239.8126 12.845 ± 0.019

2004 Aug 22 3239.8140 12.849 ± 0.017

2004 Aug 22 3239.8153 12.846 ± 0.018
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2004 Aug 22 3239.8308 12.848 ± 0.018

2004 Aug 22 3239.8318 12.847 ± 0.017

2004 Aug 22 3239.8328 12.851 ± 0.018

2004 Aug 22 3239.8339 12.848 ± 0.019

2004 Aug 22 3239.8349 12.848 ± 0.016

2004 Aug 22 3239.8359 12.845 ± 0.020

2004 Aug 22 3239.8369 12.847 ± 0.016

2004 Aug 22 3239.8399 12.847 ± 0.018

2004 Aug 22 3239.8409 12.844 ± 0.018

2004 Aug 22 3239.8419 12.846 ± 0.018

2004 Aug 22 3239.8429 12.847 ± 0.016

2004 Aug 22 3239.8439 12.847 ± 0.017

2004 Aug 22 3239.8449 12.851 ± 0.016

2004 Aug 22 3239.8459 12.849 ± 0.018

2004 Aug 22 3239.8470 12.845 ± 0.018

2004 Aug 22 3239.8480 12.849 ± 0.018

2004 Aug 22 3239.8490 12.844 ± 0.019

2004 Aug 22 3239.8500 12.846 ± 0.017

2004 Aug 22 3239.8510 12.847 ± 0.020

2004 Aug 22 3239.8520 12.846 ± 0.018

2004 Aug 22 3239.8530 12.848 ± 0.018

2004 Aug 22 3239.8540 12.844 ± 0.018

2004 Aug 22 3239.8550 12.848 ± 0.017

2004 Aug 22 3239.8560 12.842 ± 0.016

2004 Aug 22 3239.8571 12.845 ± 0.017

2004 Aug 22 3239.8581 12.842 ± 0.018

2004 Aug 22 3239.8603 12.845 ± 0.018

2004 Aug 22 3239.8613 12.842 ± 0.019

2004 Aug 22 3239.8624 12.846 ± 0.015

2004 Aug 22 3239.8634 12.838 ± 0.019

2004 Aug 22 3239.8644 12.847 ± 0.017

2004 Aug 22 3239.8654 12.837 ± 0.018
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2004 Aug 22 3239.8664 12.842 ± 0.018

2004 Aug 22 3239.8674 12.842 ± 0.018

2004 Aug 22 3239.8684 12.842 ± 0.017

2004 Aug 22 3239.8694 12.838 ± 0.019

2004 Aug 22 3239.8704 12.839 ± 0.016

2004 Aug 22 3239.8715 12.840 ± 0.018

2004 Aug 22 3239.8725 12.839 ± 0.018

2004 Aug 22 3239.8735 12.837 ± 0.018

2004 Aug 22 3239.8745 12.843 ± 0.016

2004 Aug 23 3240.5170 12.848 ± 0.028

2004 Aug 23 3240.5183 12.849 ± 0.026

2004 Aug 23 3240.5197 12.846 ± 0.026

2004 Aug 23 3240.5211 12.848 ± 0.025

2004 Aug 23 3240.5224 12.845 ± 0.028

2004 Aug 23 3240.5238 12.847 ± 0.025

2004 Aug 23 3240.5265 12.843 ± 0.028

2004 Aug 23 3240.5278 12.846 ± 0.026

2004 Aug 23 3240.5292 12.847 ± 0.029

2004 Aug 23 3240.5305 12.845 ± 0.026

2004 Aug 23 3240.5319 12.843 ± 0.028

2004 Aug 23 3240.5332 12.847 ± 0.029

2004 Aug 23 3240.5346 12.848 ± 0.028

2004 Aug 23 3240.5360 12.848 ± 0.026

2004 Aug 23 3240.5373 12.842 ± 0.028

2004 Aug 23 3240.5387 12.842 ± 0.027

2004 Aug 23 3240.5414 12.843 ± 0.025

2004 Aug 23 3240.5424 12.843 ± 0.025

2004 Aug 23 3240.5435 12.845 ± 0.024

2004 Aug 23 3240.5445 12.839 ± 0.026

2004 Aug 23 3240.5455 12.839 ± 0.025

2004 Aug 23 3240.5465 12.845 ± 0.027

2004 Aug 23 3240.5475 12.842 ± 0.028
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2004 Aug 23 3240.5485 12.841 ± 0.028

2004 Aug 23 3240.5495 12.841 ± 0.027

2004 Aug 23 3240.5505 12.844 ± 0.027

2004 Aug 23 3240.5532 12.837 ± 0.028

2004 Aug 23 3240.5545 12.841 ± 0.029

2004 Aug 23 3240.5559 12.840 ± 0.027

2004 Aug 23 3240.5572 12.838 ± 0.027

2004 Aug 23 3240.5586 12.840 ± 0.026

2004 Aug 23 3240.5599 12.837 ± 0.026

2004 Aug 23 3240.5613 12.842 ± 0.025

2004 Aug 23 3240.5627 12.839 ± 0.027

2004 Aug 23 3240.5640 12.842 ± 0.029

2004 Aug 23 3240.5654 12.841 ± 0.027

2004 Aug 23 3240.5870 12.847 ± 0.028

2004 Aug 23 3240.5884 12.847 ± 0.028

2004 Aug 23 3240.5911 12.842 ± 0.026

2004 Aug 23 3240.5925 12.851 ± 0.028

2004 Aug 23 3240.5938 12.849 ± 0.028

2004 Aug 23 3240.5952 12.845 ± 0.028

2004 Aug 23 3240.6053 12.852 ± 0.026

2004 Aug 23 3240.6071 12.853 ± 0.028

2004 Aug 23 3240.6081 12.849 ± 0.026

2004 Aug 23 3240.6091 12.849 ± 0.026

2004 Aug 23 3240.6101 12.842 ± 0.029

2004 Aug 23 3240.6111 12.853 ± 0.029

2004 Aug 23 3240.6121 12.850 ± 0.028

2004 Aug 23 3240.6131 12.850 ± 0.025

2004 Aug 23 3240.6151 12.846 ± 0.027

2004 Aug 23 3240.6172 12.846 ± 0.026

2004 Aug 23 3240.6181 12.848 ± 0.025

2004 Aug 23 3240.6190 12.845 ± 0.029

2004 Aug 23 3240.6199 12.842 ± 0.027
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2004 Aug 23 3240.6208 12.846 ± 0.026

2004 Aug 23 3240.6217 12.844 ± 0.026

2004 Aug 23 3240.6226 12.850 ± 0.029

2004 Aug 23 3240.6235 12.846 ± 0.031

2004 Aug 23 3240.6244 12.853 ± 0.027

2004 Aug 23 3240.6253 12.849 ± 0.030

2004 Aug 23 3240.6262 12.840 ± 0.029

2004 Aug 23 3240.6271 12.846 ± 0.029

2004 Aug 23 3240.6280 12.848 ± 0.027

2004 Aug 23 3240.6289 12.850 ± 0.030

2004 Aug 23 3240.6298 12.845 ± 0.030

2004 Aug 23 3240.6307 12.850 ± 0.030

2004 Aug 23 3240.6316 12.849 ± 0.027

2004 Aug 23 3240.6324 12.849 ± 0.025

2004 Aug 23 3240.6333 12.849 ± 0.025

2004 Aug 23 3240.6342 12.845 ± 0.027

2004 Aug 23 3240.6361 12.847 ± 0.026

2004 Aug 23 3240.6370 12.851 ± 0.026

2004 Aug 23 3240.6379 12.851 ± 0.026

2004 Aug 23 3240.6388 12.847 ± 0.028

2004 Aug 23 3240.6397 12.846 ± 0.028

2004 Aug 23 3240.6406 12.842 ± 0.027

2004 Aug 23 3240.6415 12.850 ± 0.029

2004 Aug 23 3240.6424 12.846 ± 0.026

2004 Aug 23 3240.6433 12.844 ± 0.027

2004 Aug 23 3240.6442 12.843 ± 0.027

2004 Aug 23 3240.6608 12.841 ± 0.028

2004 Aug 23 3240.6618 12.845 ± 0.030

2004 Aug 23 3240.6628 12.856 ± 0.029

2004 Aug 23 3240.6638 12.848 ± 0.028

2004 Aug 23 3240.6648 12.850 ± 0.027

2004 Aug 23 3240.6659 12.847 ± 0.026
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2004 Aug 23 3240.6669 12.846 ± 0.026

2004 Aug 23 3240.6693 12.846 ± 0.027

2004 Aug 23 3240.6703 12.850 ± 0.026

2004 Aug 23 3240.6713 12.845 ± 0.028

2004 Aug 23 3240.6724 12.845 ± 0.027

2004 Aug 23 3240.6734 12.844 ± 0.029

2004 Aug 23 3240.6744 12.851 ± 0.025

2004 Aug 23 3240.6754 12.846 ± 0.024

2004 Aug 23 3240.6764 12.846 ± 0.026

2004 Aug 23 3240.6774 12.846 ± 0.028

2004 Aug 23 3240.6784 12.843 ± 0.027

2004 Aug 23 3240.6794 12.847 ± 0.028

2004 Aug 23 3240.6804 12.845 ± 0.028

2004 Aug 23 3240.6815 12.845 ± 0.025

2004 Aug 23 3240.6825 12.840 ± 0.027

2004 Aug 23 3240.6835 12.845 ± 0.025

2004 Aug 23 3240.6845 12.849 ± 0.026

2004 Aug 23 3240.6855 12.815 ± 0.056

2004 Aug 23 3240.6865 12.844 ± 0.028

2004 Aug 23 3240.6875 12.846 ± 0.026

2004 Aug 23 3240.6885 12.844 ± 0.029

2004 Aug 23 3240.6911 12.847 ± 0.026

2004 Aug 23 3240.6921 12.842 ± 0.028

2004 Aug 23 3240.6931 12.848 ± 0.026

2004 Aug 23 3240.6942 12.848 ± 0.026

2004 Aug 23 3240.6952 12.846 ± 0.025

2004 Aug 23 3240.6962 12.846 ± 0.026

2004 Aug 23 3240.6972 12.845 ± 0.026

2004 Aug 23 3240.6982 12.857 ± 0.017

2004 Aug 23 3240.6992 12.845 ± 0.026

2004 Aug 23 3240.7002 12.848 ± 0.027

2004 Aug 23 3240.7012 12.844 ± 0.027
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Table B.5: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag

2004 Aug 23 3240.7022 12.847 ± 0.027

2004 Aug 23 3240.7032 12.843 ± 0.028

2004 Aug 23 3240.7042 12.848 ± 0.026

2004 Aug 23 3240.7053 12.849 ± 0.029

2004 Aug 23 3240.7063 12.845 ± 0.027

2004 Aug 23 3240.7073 12.852 ± 0.027

2004 Aug 23 3240.7083 12.845 ± 0.026

2004 Aug 23 3240.7093 12.857 ± 0.028

2004 Aug 23 3240.7103 12.848 ± 0.029

2004 Aug 23 3240.7635 12.834 ± 0.029

2004 Aug 23 3240.7645 12.841 ± 0.026

2004 Aug 23 3240.7678 12.834 ± 0.027

2004 Aug 23 3240.7689 12.831 ± 0.027

2004 Aug 23 3240.7699 12.835 ± 0.026

2004 Aug 23 3240.7709 12.834 ± 0.028

2004 Aug 23 3240.7719 12.833 ± 0.026

2004 Aug 23 3240.7729 12.833 ± 0.025

2004 Aug 23 3240.7739 12.833 ± 0.028

2004 Aug 23 3240.7749 12.831 ± 0.027

2004 Aug 23 3240.7759 12.836 ± 0.027

2004 Aug 23 3240.7769 12.834 ± 0.026

2004 Aug 23 3240.7792 12.827 ± 0.029

2004 Aug 23 3240.7802 12.830 ± 0.027

2004 Aug 23 3240.7813 12.828 ± 0.025

2004 Aug 23 3240.7823 12.830 ± 0.026

2004 Aug 23 3240.7833 12.831 ± 0.028

2004 Aug 23 3240.7843 12.830 ± 0.026

2004 Aug 23 3240.7853 12.829 ± 0.027

2004 Aug 23 3240.7863 12.830 ± 0.027

2004 Aug 23 3240.7873 12.832 ± 0.029

2004 Aug 23 3240.7883 12.831 ± 0.026

2004 Aug 23 3240.7893 12.828 ± 0.026
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Table B.5: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag

2004 Aug 23 3240.7904 12.829 ± 0.027

2004 Aug 23 3240.7914 12.834 ± 0.027

2004 Aug 23 3240.7924 12.829 ± 0.026

2004 Aug 23 3240.7934 12.828 ± 0.027

2004 Aug 23 3240.7954 12.830 ± 0.027

2004 Aug 23 3240.7964 12.832 ± 0.028

2004 Aug 23 3240.7974 12.830 ± 0.027

2004 Aug 23 3240.7984 12.830 ± 0.028

2004 Aug 23 3240.8014 12.830 ± 0.027

2004 Aug 23 3240.8024 12.830 ± 0.028

2004 Aug 23 3240.8034 12.829 ± 0.026

2004 Aug 23 3240.8044 12.832 ± 0.028

2004 Aug 23 3240.8054 12.826 ± 0.025

2004 Aug 23 3240.8065 12.827 ± 0.029

2004 Aug 23 3240.8075 12.830 ± 0.026

2004 Aug 23 3240.8085 12.831 ± 0.028

2004 Aug 23 3240.8095 12.825 ± 0.025

2004 Aug 23 3240.8105 12.824 ± 0.030

2004 Aug 23 3240.8115 12.830 ± 0.025

2004 Aug 23 3240.8125 12.828 ± 0.027

2004 Aug 23 3240.8135 12.827 ± 0.026

2004 Aug 23 3240.8145 12.822 ± 0.026

2004 Aug 23 3240.8156 12.824 ± 0.028

2004 Aug 23 3240.8166 12.827 ± 0.028

2004 Aug 23 3240.8176 12.822 ± 0.026

2004 Aug 23 3240.8186 12.827 ± 0.027

2004 Aug 23 3240.8196 12.822 ± 0.027

2004 Aug 23 3240.8206 12.819 ± 0.028

2004 Aug 23 3240.8227 12.826 ± 0.028

2004 Aug 23 3240.8237 12.826 ± 0.028

2004 Aug 23 3240.8247 12.824 ± 0.026

2004 Aug 23 3240.8257 12.835 ± 0.022
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Table B.5: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag

2004 Aug 23 3240.8267 12.827 ± 0.028

2004 Aug 23 3240.8277 12.825 ± 0.028

2004 Aug 23 3240.8287 12.830 ± 0.027

2004 Aug 23 3240.8297 12.827 ± 0.025

2004 Aug 23 3240.8308 12.820 ± 0.027

2004 Aug 23 3240.8318 12.825 ± 0.030

2004 Aug 23 3240.8328 12.830 ± 0.026

2004 Aug 23 3240.8338 12.828 ± 0.026

2004 Aug 23 3240.8348 12.825 ± 0.026

2004 Aug 23 3240.8358 12.829 ± 0.028

2004 Aug 23 3240.8368 12.825 ± 0.029

2004 Aug 23 3240.8378 12.822 ± 0.028

2004 Aug 23 3240.8388 12.828 ± 0.026

2004 Aug 23 3240.8398 12.821 ± 0.028

2004 Aug 23 3240.8409 12.835 ± 0.029

2004 Aug 23 3240.8419 12.829 ± 0.026

2004 Aug 23 3240.8598 12.822 ± 0.030

2004 Aug 23 3240.8608 12.821 ± 0.028

2004 Aug 23 3240.8618 12.831 ± 0.027

2004 Aug 23 3240.8628 12.829 ± 0.026

2004 Aug 23 3240.8638 12.826 ± 0.028

2004 Aug 23 3240.8649 12.830 ± 0.027

2004 Aug 23 3240.8658 12.826 ± 0.029

2004 Aug 23 3240.8696 12.830 ± 0.027

2004 Aug 23 3240.8710 12.828 ± 0.026

2004 Aug 23 3240.8724 12.824 ± 0.027

2004 Aug 23 3240.8737 12.828 ± 0.025

2004 Aug 23 3240.8751 12.832 ± 0.029

2004 Aug 23 3240.8764 12.836 ± 0.028

2004 Aug 23 3240.8778 12.840 ± 0.031

2004 Aug 23 3240.8792 12.831 ± 0.025

2004 Aug 23 3240.8805 12.834 ± 0.028
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Table B.6: 2004 PKS 2155–304 CTIO I-band Light-Curve

Data

UT Date JD−2,450,000 Apparent Mag

2004 Aug 13 3230.586 12.730 ± 0.009

3230.676 12.732 ± 0.008

3230.877 12.718 ± 0.009

2004 Aug 14 3231.530 12.668 ± 0.010

3231.641 12.657 ± 0.010

3231.734 12.656 ± 0.011

3231.854 12.657 ± 0.010

3231.900 12.658 ± 0.011

2004 Aug 15 3232.561 12.665 ± 0.008

3232.668 12.676 ± 0.011

3232.712 12.677 ± 0.008

3232.800 12.693 ± 0.010

3232.889 12.692 ± 0.010

2004 Aug 20 3237.523 12.620 ± 0.008

3237.586 12.610 ± 0.007

3237.591 12.606 ± 0.008

3237.658 12.599 ± 0.008

3237.724 12.594 ± 0.008

3237.794 12.580 ± 0.008

3237.860 12.557 ± 0.010

3237.892 12.541 ± 0.008

2004 Aug 21 3238.508 12.440 ± 0.007

3238.512 12.443 ± 0.009

3238.596 12.438 ± 0.007

3238.677 12.423 ± 0.008

3238.734 12.424 ± 0.009

3238.814 12.419 ± 0.008

3238.892 12.414 ± 0.010

2004 Aug 22 3239.503 12.379 ± 0.007
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Table B.6: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag

3239.583 12.381 ± 0.007

3239.665 12.387 ± 0.007

3239.732 12.387 ± 0.009

3239.827 12.379 ± 0.010

3239.885 12.364 ± 0.009

2004 Aug 23 3240.501 12.341 ± 0.010

3240.570 12.340 ± 0.010

3240.655 12.342 ± 0.008

3240.728 12.337 ± 0.010

3240.847 12.327 ± 0.010

3240.888 12.326 ± 0.009
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Table B.7: 2004 PKS 2155–304 UMRAO Radio Light-Curve

Data

UT Date RJD a Flux

(Jy)

14.5 GHz

2004 Aug 09 3226.762 0.21 ± 0.02

2004 Aug 10 3227.786 0.29 ± 0.02

2004 Aug 27 3244.754 0.27 ± 0.03

2004 Sep 10 3258.697 0.33 ± 0.02

2004 Sep 30 3278.615 0.37 ± 0.03

8.0 GHz

2004 Sep 02 3250.642 0.34 ± 0.05

2004 Sep 03 3251.728 0.38 ± 0.06

2004 Sep 04 3252.731 0.38 ± 0.02

2004 Sep 15 3263.622 0.28 ± 0.11

2004 Sep 16 3264.599 0.50 ± 0.05

a Equal to JD−2,450,000.
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– C –

2004 CTA 102 Campaign Data

Table C.1: 2004 CTA 102 Lowell Observatory R-band Mi-

crovariability Data

UT Date JD−2,450,000 Apparent Mag

2004 Sep 21 3269.7573 14.791 ± 0.018

2004 Sep 21 3269.7619 14.797 ± 0.019

2004 Sep 21 3269.7635 14.791 ± 0.018

2004 Sep 21 3269.7651 14.796 ± 0.018

2004 Sep 21 3269.7666 14.790 ± 0.017

2004 Sep 21 3269.7682 14.787 ± 0.019

2004 Sep 21 3269.7698 14.783 ± 0.020

2004 Sep 21 3269.7714 14.789 ± 0.018

2004 Sep 21 3269.7730 14.788 ± 0.018

2004 Sep 21 3269.7746 14.789 ± 0.019

2004 Sep 21 3269.7761 14.787 ± 0.018

2004 Sep 21 3269.7777 14.793 ± 0.018

2004 Sep 21 3269.7793 14.790 ± 0.018

2004 Sep 21 3269.7809 14.785 ± 0.018

2004 Sep 21 3269.7825 14.781 ± 0.019

2004 Sep 21 3269.7840 14.776 ± 0.017

2004 Sep 21 3269.7856 14.764 ± 0.019

2004 Sep 21 3269.7872 14.751 ± 0.018

2004 Sep 21 3269.7888 14.739 ± 0.017

2004 Sep 21 3269.7904 14.725 ± 0.018

2004 Sep 21 3269.7920 14.721 ± 0.019

2004 Sep 21 3269.8003 14.720 ± 0.017

2004 Sep 21 3269.8019 14.720 ± 0.018

2004 Sep 21 3269.8035 14.721 ± 0.018

2004 Sep 21 3269.8050 14.724 ± 0.016
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Table C.1: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag

2004 Sep 21 3269.8066 14.739 ± 0.016

2004 Sep 21 3269.8082 14.728 ± 0.016

2004 Sep 21 3269.8098 14.740 ± 0.017

2004 Sep 21 3269.8114 14.739 ± 0.017

2004 Sep 21 3269.8130 14.742 ± 0.017

2004 Sep 21 3269.8145 14.743 ± 0.017

2004 Sep 21 3269.8161 14.729 ± 0.016

2004 Sep 21 3269.8177 14.736 ± 0.016

2004 Sep 21 3269.8193 14.735 ± 0.016

2004 Sep 21 3269.8209 14.737 ± 0.018

2004 Sep 21 3269.8224 14.737 ± 0.016

2004 Sep 21 3269.8240 14.734 ± 0.016

2004 Sep 21 3269.8256 14.742 ± 0.017

2004 Sep 21 3269.8272 14.735 ± 0.016

2004 Sep 21 3269.8288 14.734 ± 0.016

2004 Sep 21 3269.8304 14.723 ± 0.017

2004 Sep 21 3269.8320 14.725 ± 0.017

2004 Sep 21 3269.8335 14.735 ± 0.017

2004 Sep 21 3269.8351 14.737 ± 0.018

2004 Sep 21 3269.8367 14.748 ± 0.017

2004 Sep 21 3269.8383 14.756 ± 0.016

2004 Sep 21 3269.8582 14.761 ± 0.016

2004 Sep 21 3269.8597 14.772 ± 0.016

2004 Sep 21 3269.8613 14.768 ± 0.017

2004 Sep 21 3269.8628 14.773 ± 0.016

2004 Sep 21 3269.8644 14.775 ± 0.016

2004 Sep 21 3269.8660 14.779 ± 0.017

2004 Sep 21 3269.8676 14.781 ± 0.017

2004 Sep 21 3269.8692 14.778 ± 0.016

2004 Sep 21 3269.8707 14.775 ± 0.018

2004 Sep 21 3269.8723 14.768 ± 0.019

2004 Sep 21 3269.8739 14.780 ± 0.017
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Table C.1: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag

2004 Sep 21 3269.8755 14.780 ± 0.016

2004 Sep 21 3269.8771 14.790 ± 0.016

2004 Sep 21 3269.8787 14.779 ± 0.016

2004 Sep 21 3269.8802 14.776 ± 0.017

2004 Sep 21 3269.8818 14.767 ± 0.015

2004 Sep 21 3269.8834 14.789 ± 0.015

2004 Sep 21 3269.8850 14.771 ± 0.015

2004 Sep 21 3269.8866 14.773 ± 0.017

2004 Sep 21 3269.8882 14.775 ± 0.016

2004 Sep 21 3269.8898 14.767 ± 0.015

2004 Sep 21 3269.8913 14.780 ± 0.016

2004 Sep 21 3269.8929 14.779 ± 0.016

2004 Sep 21 3269.8945 14.773 ± 0.016

2004 Sep 21 3269.8961 14.774 ± 0.016

2004 Sep 21 3269.8977 14.782 ± 0.017

2004 Sep 21 3269.8992 14.780 ± 0.017

2004 Sep 21 3269.9008 14.766 ± 0.018

2004 Sep 21 3269.9024 14.757 ± 0.017

2004 Sep 21 3269.9040 14.771 ± 0.017

2004 Sep 21 3269.9056 14.753 ± 0.017

2004 Sep 21 3269.9075 14.774 ± 0.015

2004 Sep 21 3269.9091 14.781 ± 0.016

2004 Sep 21 3269.9107 14.779 ± 0.017

2004 Sep 21 3269.9123 14.778 ± 0.016

2004 Sep 21 3269.9138 14.776 ± 0.016

2004 Sep 21 3269.9154 14.775 ± 0.015

2004 Sep 21 3269.9170 14.777 ± 0.015

2004 Sep 21 3269.9186 14.825 ± 0.015

2004 Sep 21 3269.9202 14.781 ± 0.015

2004 Sep 21 3269.9217 14.783 ± 0.016

2004 Sep 21 3269.9279 14.792 ± 0.017

2004 Sep 21 3269.9295 14.788 ± 0.016
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Table C.1: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag

2004 Sep 21 3269.9310 14.803 ± 0.016

2004 Sep 21 3269.9326 14.794 ± 0.016

2004 Sep 21 3269.9342 14.794 ± 0.015

2004 Sep 21 3269.9358 14.789 ± 0.016

2004 Sep 21 3269.9374 14.814 ± 0.018

2004 Sep 21 3269.9389 14.800 ± 0.017

2004 Sep 21 3269.9405 14.780 ± 0.015

2004 Sep 21 3269.9421 14.749 ± 0.015

2004 Sep 21 3269.9437 14.777 ± 0.016

2004 Sep 21 3269.9453 14.775 ± 0.016

2004 Sep 21 3269.9469 14.783 ± 0.016

2004 Sep 21 3269.9485 14.784 ± 0.016

2004 Sep 21 3269.9500 14.752 ± 0.016

2004 Sep 22 3270.6374 14.827 ± 0.016

2004 Sep 22 3270.6383 14.830 ± 0.016

2004 Sep 22 3270.6396 14.823 ± 0.016

2004 Sep 22 3270.6402 14.821 ± 0.016

2004 Sep 22 3270.6410 14.819 ± 0.016

2004 Sep 22 3270.6414 14.816 ± 0.018

2004 Sep 22 3270.6425 14.826 ± 0.016

2004 Sep 22 3270.6434 14.827 ± 0.016

2004 Sep 22 3270.6443 14.819 ± 0.015

2004 Sep 22 3270.6452 14.825 ± 0.016

2004 Sep 22 3270.6460 14.827 ± 0.016

2004 Sep 22 3270.6469 14.826 ± 0.016

2004 Sep 22 3270.6478 14.828 ± 0.016

2004 Sep 22 3270.6487 14.831 ± 0.016

2004 Sep 22 3270.6496 14.827 ± 0.016

2004 Sep 22 3270.6505 14.823 ± 0.016

2004 Sep 22 3270.6514 14.826 ± 0.017

2004 Sep 22 3270.6523 14.826 ± 0.016

2004 Sep 22 3270.6532 14.821 ± 0.017
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Table C.1: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag

2004 Sep 22 3270.6540 14.827 ± 0.017

2004 Sep 22 3270.6549 14.822 ± 0.016

2004 Sep 22 3270.6558 14.829 ± 0.017

2004 Sep 22 3270.6567 14.827 ± 0.016

2004 Sep 22 3270.6576 14.827 ± 0.016

2004 Sep 22 3270.6585 14.829 ± 0.017

2004 Sep 22 3270.6593 14.825 ± 0.015

2004 Sep 22 3270.6602 14.820 ± 0.015

2004 Sep 22 3270.6611 14.827 ± 0.016

2004 Sep 22 3270.6620 14.826 ± 0.016

2004 Sep 22 3270.6629 14.828 ± 0.016

2004 Sep 22 3270.6638 14.829 ± 0.016

2004 Sep 22 3270.6647 14.828 ± 0.016

2004 Sep 22 3270.6655 14.819 ± 0.015

2004 Sep 22 3270.6664 14.832 ± 0.016

2004 Sep 22 3270.6673 14.825 ± 0.016

2004 Sep 22 3270.6682 14.825 ± 0.015

2004 Sep 22 3270.6691 14.820 ± 0.016

2004 Sep 22 3270.6700 14.825 ± 0.016

2004 Sep 22 3270.6709 14.827 ± 0.017

2004 Sep 22 3270.6718 14.821 ± 0.015

2004 Sep 22 3270.6726 14.825 ± 0.015

2004 Sep 22 3270.6735 14.824 ± 0.015

2004 Sep 22 3270.6744 14.806 ± 0.020

2004 Sep 22 3270.6753 14.820 ± 0.016

2004 Sep 22 3270.6762 14.821 ± 0.016

2004 Sep 22 3270.6771 14.824 ± 0.016

2004 Sep 22 3270.6779 14.819 ± 0.015

2004 Sep 22 3270.6788 14.824 ± 0.015

2004 Sep 22 3270.6797 14.828 ± 0.017

2004 Sep 22 3270.6806 14.818 ± 0.015

2004 Sep 22 3270.6815 14.825 ± 0.017
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Table C.1: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag

2004 Sep 22 3270.6876 14.819 ± 0.016

2004 Sep 22 3270.6885 14.819 ± 0.015

2004 Sep 22 3270.6894 14.807 ± 0.016

2004 Sep 22 3270.6902 14.818 ± 0.016

2004 Sep 22 3270.6911 14.807 ± 0.016

2004 Sep 22 3270.6920 14.812 ± 0.015

2004 Sep 22 3270.6929 14.821 ± 0.016

2004 Sep 22 3270.6938 14.806 ± 0.017

2004 Sep 22 3270.6946 14.814 ± 0.015

2004 Sep 22 3270.6955 14.815 ± 0.015

2004 Sep 22 3270.6964 14.808 ± 0.015

2004 Sep 22 3270.6973 14.815 ± 0.015

2004 Sep 22 3270.6982 14.804 ± 0.016

2004 Sep 22 3270.6991 14.808 ± 0.015

2004 Sep 22 3270.7000 14.816 ± 0.016

2004 Sep 22 3270.7009 14.812 ± 0.015

2004 Sep 22 3270.7017 14.802 ± 0.016

2004 Sep 22 3270.7026 14.808 ± 0.015

2004 Sep 22 3270.7035 14.811 ± 0.016

2004 Sep 22 3270.7044 14.813 ± 0.016

2004 Sep 22 3270.7053 14.811 ± 0.017

2004 Sep 22 3270.7062 14.802 ± 0.015

2004 Sep 22 3270.7070 14.808 ± 0.016

2004 Sep 22 3270.7079 14.804 ± 0.016

2004 Sep 22 3270.7088 14.804 ± 0.016

2004 Sep 22 3270.7097 14.804 ± 0.016

2004 Sep 22 3270.7106 14.807 ± 0.017

2004 Sep 22 3270.7115 14.806 ± 0.017

2004 Sep 22 3270.7123 14.805 ± 0.016

2004 Sep 22 3270.7132 14.806 ± 0.017

2004 Sep 22 3270.7141 14.809 ± 0.017

2004 Sep 22 3270.7150 14.805 ± 0.016
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Table C.1: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag

2004 Sep 22 3270.7159 14.804 ± 0.017

2004 Sep 22 3270.7168 14.807 ± 0.017

2004 Sep 22 3270.7176 14.803 ± 0.016

2004 Sep 22 3270.7185 14.803 ± 0.015

2004 Sep 22 3270.7194 14.803 ± 0.015

2004 Sep 22 3270.7203 14.807 ± 0.017

2004 Sep 22 3270.7212 14.801 ± 0.016

2004 Sep 22 3270.7221 14.806 ± 0.016

2004 Sep 22 3270.7230 14.798 ± 0.015

2004 Sep 22 3270.7239 14.799 ± 0.016

2004 Sep 22 3270.7248 14.803 ± 0.016

2004 Sep 22 3270.7256 14.806 ± 0.017

2004 Sep 22 3270.7265 14.799 ± 0.016

2004 Sep 22 3270.7394 14.782 ± 0.016

2004 Sep 22 3270.7402 14.783 ± 0.017

2004 Sep 22 3270.7411 14.783 ± 0.016

2004 Sep 22 3270.7420 14.775 ± 0.015

2004 Sep 22 3270.7429 14.780 ± 0.016

2004 Sep 22 3270.7438 14.779 ± 0.017

2004 Sep 22 3270.7447 14.779 ± 0.016

2004 Sep 22 3270.7455 14.777 ± 0.017

2004 Sep 22 3270.7464 14.779 ± 0.017

2004 Sep 22 3270.7473 14.776 ± 0.016

2004 Sep 22 3270.7482 14.775 ± 0.016

2004 Sep 22 3270.7491 14.770 ± 0.015

2004 Sep 22 3270.7500 14.773 ± 0.016

2004 Sep 22 3270.7509 14.771 ± 0.016

2004 Sep 22 3270.7517 14.768 ± 0.016

2004 Sep 22 3270.7526 14.768 ± 0.015

2004 Sep 22 3270.7535 14.766 ± 0.015

2004 Sep 22 3270.7544 14.767 ± 0.017

2004 Sep 22 3270.7553 14.762 ± 0.017
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UT Date JD−2,450,000 Apparent Mag

2004 Sep 22 3270.7562 14.763 ± 0.016

2004 Sep 22 3270.7571 14.762 ± 0.016

2004 Sep 22 3270.7579 14.763 ± 0.016

2004 Sep 22 3270.7588 14.761 ± 0.016

2004 Sep 22 3270.7597 14.759 ± 0.017

2004 Sep 22 3270.7606 14.758 ± 0.016

2004 Sep 22 3270.7615 14.760 ± 0.016

2004 Sep 22 3270.7624 14.761 ± 0.017

2004 Sep 22 3270.7633 14.755 ± 0.017

2004 Sep 22 3270.7642 14.754 ± 0.017

2004 Sep 22 3270.7650 14.759 ± 0.016

2004 Sep 22 3270.7659 14.759 ± 0.016

2004 Sep 22 3270.7668 14.758 ± 0.016

2004 Sep 22 3270.7677 14.760 ± 0.017

2004 Sep 22 3270.7686 14.758 ± 0.016

2004 Sep 22 3270.7695 14.759 ± 0.016

2004 Sep 22 3270.7704 14.765 ± 0.016

2004 Sep 22 3270.7713 14.762 ± 0.015

2004 Sep 22 3270.7721 14.765 ± 0.017

2004 Sep 22 3270.7730 14.767 ± 0.016

2004 Sep 22 3270.7739 14.762 ± 0.017

2004 Sep 22 3270.7748 14.758 ± 0.015

2004 Sep 22 3270.7757 14.761 ± 0.017

2004 Sep 22 3270.7766 14.764 ± 0.017

2004 Sep 22 3270.7774 14.765 ± 0.015

2004 Sep 22 3270.7783 14.766 ± 0.017

2004 Sep 22 3270.7831 14.765 ± 0.016

2004 Sep 22 3270.7840 14.764 ± 0.017

2004 Sep 22 3270.7849 14.763 ± 0.016

2004 Sep 22 3270.7857 14.761 ± 0.017

2004 Sep 22 3270.7866 14.757 ± 0.016

2004 Sep 22 3270.7875 14.761 ± 0.016
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UT Date JD−2,450,000 Apparent Mag

2004 Sep 22 3270.7884 14.753 ± 0.016

2004 Sep 22 3270.7893 14.757 ± 0.029

2004 Sep 22 3270.7902 14.760 ± 0.017

2004 Sep 22 3270.7911 14.754 ± 0.017

2004 Sep 22 3270.7919 14.761 ± 0.017

2004 Sep 22 3270.7928 14.759 ± 0.016

2004 Sep 22 3270.7937 14.760 ± 0.016

2004 Sep 22 3270.7946 14.761 ± 0.016

2004 Sep 22 3270.7955 14.757 ± 0.016

2004 Sep 22 3270.7964 14.758 ± 0.016

2004 Sep 22 3270.7973 14.749 ± 0.016

2004 Sep 22 3270.7982 14.759 ± 0.017

2004 Sep 22 3270.7990 14.757 ± 0.016

2004 Sep 22 3270.7999 14.759 ± 0.017

2004 Sep 22 3270.8008 14.758 ± 0.016

2004 Sep 22 3270.8017 14.755 ± 0.016

2004 Sep 22 3270.8026 14.754 ± 0.016

2004 Sep 22 3270.8035 14.757 ± 0.016

2004 Sep 22 3270.8052 14.745 ± 0.016

2004 Sep 22 3270.8061 14.753 ± 0.016

2004 Sep 22 3270.8070 14.756 ± 0.016

2004 Sep 22 3270.8079 14.751 ± 0.016

2004 Sep 22 3270.8088 14.756 ± 0.017

2004 Sep 22 3270.8097 14.748 ± 0.017

2004 Sep 22 3270.8105 14.747 ± 0.016

2004 Sep 22 3270.8114 14.750 ± 0.015

2004 Sep 22 3270.8123 14.758 ± 0.016

2004 Sep 22 3270.8132 14.751 ± 0.016

2004 Sep 22 3270.8141 14.716 ± 0.027

2004 Sep 22 3270.8150 14.748 ± 0.016

2004 Sep 22 3270.8159 14.750 ± 0.017

2004 Sep 22 3270.8168 14.752 ± 0.016
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UT Date JD−2,450,000 Apparent Mag

2004 Sep 22 3270.8177 14.752 ± 0.017

2004 Sep 22 3270.8185 14.752 ± 0.016

2004 Sep 22 3270.8194 14.750 ± 0.016

2004 Sep 22 3270.8203 14.747 ± 0.017

2004 Sep 22 3270.8212 14.732 ± 0.017

2004 Sep 22 3270.8221 14.751 ± 0.016

2004 Sep 22 3270.8276 14.751 ± 0.016

2004 Sep 22 3270.8285 14.748 ± 0.016

2004 Sep 22 3270.8294 14.752 ± 0.016

2004 Sep 22 3270.8303 14.746 ± 0.017

2004 Sep 22 3270.8312 14.747 ± 0.016

2004 Sep 22 3270.8321 14.751 ± 0.016

2004 Sep 22 3270.8330 14.752 ± 0.016

2004 Sep 22 3270.8338 14.751 ± 0.016

2004 Sep 22 3270.8347 14.748 ± 0.016

2004 Sep 22 3270.8356 14.751 ± 0.016

2004 Sep 22 3270.8365 14.750 ± 0.016

2004 Sep 22 3270.8374 14.743 ± 0.016

2004 Sep 22 3270.8383 14.751 ± 0.016

2004 Sep 22 3270.8391 14.753 ± 0.016

2004 Sep 22 3270.8400 14.751 ± 0.017

2004 Sep 22 3270.8409 14.754 ± 0.017

2004 Sep 22 3270.8418 14.753 ± 0.017

2004 Sep 22 3270.8427 14.747 ± 0.016

2004 Sep 22 3270.8436 14.753 ± 0.017

2004 Sep 22 3270.8445 14.752 ± 0.016

2004 Sep 22 3270.8454 14.753 ± 0.016

2004 Sep 22 3270.8462 14.748 ± 0.016

2004 Sep 22 3270.8471 14.757 ± 0.016

2004 Sep 22 3270.8480 14.755 ± 0.016

2004 Sep 22 3270.8489 14.755 ± 0.016

2004 Sep 22 3270.8498 14.752 ± 0.016
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UT Date JD−2,450,000 Apparent Mag

2004 Sep 22 3270.8507 14.752 ± 0.017

2004 Sep 22 3270.8515 14.758 ± 0.017

2004 Sep 22 3270.8524 14.752 ± 0.016

2004 Sep 22 3270.8533 14.749 ± 0.017

2004 Sep 22 3270.8542 14.742 ± 0.017

2004 Sep 22 3270.8551 14.750 ± 0.015

2004 Sep 22 3270.8560 14.756 ± 0.016

2004 Sep 22 3270.8568 14.751 ± 0.016

2004 Sep 22 3270.8577 14.742 ± 0.015

2004 Sep 22 3270.8586 14.752 ± 0.016

2004 Sep 22 3270.8595 14.742 ± 0.015

2004 Sep 22 3270.8604 14.753 ± 0.017

2004 Sep 22 3270.8613 14.751 ± 0.016

2004 Sep 22 3270.8621 14.747 ± 0.016

2004 Sep 22 3270.8630 14.750 ± 0.016

2004 Sep 22 3270.8639 14.752 ± 0.016

2004 Sep 22 3270.8648 14.759 ± 0.016

2004 Sep 22 3270.8657 14.761 ± 0.017

2004 Sep 22 3270.8666 14.765 ± 0.016

2004 Sep 22 3270.8720 14.755 ± 0.016

2004 Sep 22 3270.8728 14.758 ± 0.016

2004 Sep 22 3270.8737 14.749 ± 0.016

2004 Sep 22 3270.8746 14.755 ± 0.017

2004 Sep 22 3270.8755 14.756 ± 0.016

2004 Sep 22 3270.8764 14.760 ± 0.017

2004 Sep 22 3270.8773 14.752 ± 0.016

2004 Sep 22 3270.8782 14.753 ± 0.017

2004 Sep 22 3270.8791 14.757 ± 0.016

2004 Sep 22 3270.8799 14.755 ± 0.016

2004 Sep 22 3270.8808 14.748 ± 0.016

2004 Sep 22 3270.8817 14.753 ± 0.015

2004 Sep 22 3270.8826 14.758 ± 0.015
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UT Date JD−2,450,000 Apparent Mag

2004 Sep 22 3270.8835 14.755 ± 0.016

2004 Sep 22 3270.8844 14.750 ± 0.016

2004 Sep 22 3270.8852 14.742 ± 0.016

2004 Sep 22 3270.8861 14.747 ± 0.015

2004 Sep 22 3270.8870 14.751 ± 0.016

2004 Sep 22 3270.8879 14.756 ± 0.016

2004 Sep 22 3270.8888 14.767 ± 0.016

2004 Sep 22 3270.8897 14.743 ± 0.016

2004 Sep 22 3270.8906 14.764 ± 0.018

2004 Sep 22 3270.8914 14.763 ± 0.017

2004 Sep 22 3270.8923 14.749 ± 0.016

2004 Sep 22 3270.8932 14.758 ± 0.015

2004 Sep 22 3270.8941 14.751 ± 0.015

2004 Sep 22 3270.8950 14.745 ± 0.017

2004 Sep 22 3270.8959 14.743 ± 0.017

2004 Sep 22 3270.8968 14.757 ± 0.015

2004 Sep 22 3270.8977 14.749 ± 0.016

2004 Sep 22 3270.8986 14.753 ± 0.016

2004 Sep 22 3270.8994 14.774 ± 0.017

2004 Sep 22 3270.9003 14.755 ± 0.017

2004 Sep 22 3270.9012 14.752 ± 0.016

2004 Sep 22 3270.9021 14.751 ± 0.016

2004 Sep 22 3270.9030 14.743 ± 0.016

2004 Sep 22 3270.9039 14.766 ± 0.017

2004 Sep 22 3270.9048 14.762 ± 0.018

2004 Sep 22 3270.9057 14.748 ± 0.016

2004 Sep 22 3270.9065 14.745 ± 0.019

2004 Sep 22 3270.9074 14.750 ± 0.017

2004 Sep 22 3270.9083 14.764 ± 0.018

2004 Sep 22 3270.9092 14.746 ± 0.017

2004 Sep 22 3270.9101 14.761 ± 0.021

2004 Sep 22 3270.9110 14.757 ± 0.018
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UT Date JD−2,450,000 Apparent Mag

2004 Sep 22 3270.9122 14.766 ± 0.019

2004 Sep 22 3270.9131 14.752 ± 0.025

2004 Sep 22 3270.9139 14.741 ± 0.020

2004 Sep 22 3270.9148 14.733 ± 0.019

2004 Sep 22 3270.9157 14.729 ± 0.015

2004 Sep 23 3271.6205 14.677 ± 0.016

2004 Sep 23 3271.6214 14.685 ± 0.016

2004 Sep 23 3271.6222 14.678 ± 0.016

2004 Sep 23 3271.6231 14.675 ± 0.016

2004 Sep 23 3271.6240 14.681 ± 0.016

2004 Sep 23 3271.6249 14.684 ± 0.016

2004 Sep 23 3271.6258 14.682 ± 0.017

2004 Sep 23 3271.6267 14.682 ± 0.015

2004 Sep 23 3271.6275 14.681 ± 0.017

2004 Sep 23 3271.6284 14.686 ± 0.016

2004 Sep 23 3271.6293 14.686 ± 0.017

2004 Sep 23 3271.6302 14.686 ± 0.017

2004 Sep 23 3271.6311 14.688 ± 0.017

2004 Sep 23 3271.6320 14.690 ± 0.016

2004 Sep 23 3271.6329 14.682 ± 0.016

2004 Sep 23 3271.6337 14.690 ± 0.017

2004 Sep 23 3271.6346 14.689 ± 0.017

2004 Sep 23 3271.6355 14.687 ± 0.016

2004 Sep 23 3271.6364 14.685 ± 0.017

2004 Sep 23 3271.6373 14.689 ± 0.016

2004 Sep 23 3271.6382 14.690 ± 0.016

2004 Sep 23 3271.6391 14.689 ± 0.016

2004 Sep 23 3271.6400 14.690 ± 0.017

2004 Sep 23 3271.6408 14.687 ± 0.017

2004 Sep 23 3271.6417 14.691 ± 0.017

2004 Sep 23 3271.6426 14.685 ± 0.017

2004 Sep 23 3271.6435 14.684 ± 0.017
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UT Date JD−2,450,000 Apparent Mag

2004 Sep 23 3271.6444 14.687 ± 0.017

2004 Sep 23 3271.6453 14.683 ± 0.016

2004 Sep 23 3271.6461 14.684 ± 0.017

2004 Sep 23 3271.6470 14.684 ± 0.017

2004 Sep 23 3271.6479 14.685 ± 0.017

2004 Sep 23 3271.6488 14.684 ± 0.017

2004 Sep 23 3271.6497 14.687 ± 0.017

2004 Sep 23 3271.6506 14.682 ± 0.017

2004 Sep 23 3271.6515 14.685 ± 0.017

2004 Sep 23 3271.6524 14.684 ± 0.017

2004 Sep 23 3271.6533 14.685 ± 0.016

2004 Sep 23 3271.6541 14.685 ± 0.016

2004 Sep 23 3271.6550 14.689 ± 0.017

2004 Sep 23 3271.6559 14.687 ± 0.017

2004 Sep 23 3271.6568 14.687 ± 0.017

2004 Sep 23 3271.6577 14.689 ± 0.017

2004 Sep 23 3271.6586 14.687 ± 0.017

2004 Sep 23 3271.6595 14.687 ± 0.017

2004 Sep 23 3271.6649 14.694 ± 0.016

2004 Sep 23 3271.7443 14.687 ± 0.017

2004 Sep 23 3271.7450 14.694 ± 0.017

2004 Sep 23 3271.7456 14.681 ± 0.015

2004 Sep 23 3271.7463 14.675 ± 0.017

2004 Sep 23 3271.7469 14.696 ± 0.017

2004 Sep 23 3271.7476 14.692 ± 0.017

2004 Sep 23 3271.7482 14.691 ± 0.018

2004 Sep 23 3271.7489 14.698 ± 0.017

2004 Sep 23 3271.7495 14.697 ± 0.017

2004 Sep 23 3271.7502 14.695 ± 0.017

2004 Sep 23 3271.7508 14.697 ± 0.018

2004 Sep 23 3271.7515 14.694 ± 0.017

2004 Sep 23 3271.7522 14.698 ± 0.016
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UT Date JD−2,450,000 Apparent Mag

2004 Sep 23 3271.7528 14.693 ± 0.017

2004 Sep 23 3271.7535 14.695 ± 0.017

2004 Sep 23 3271.7541 14.695 ± 0.017

2004 Sep 23 3271.7548 14.699 ± 0.016

2004 Sep 23 3271.7927 14.691 ± 0.016

2004 Sep 23 3271.7933 14.692 ± 0.016

2004 Sep 23 3271.7940 14.691 ± 0.016

2004 Sep 23 3271.7946 14.691 ± 0.016

2004 Sep 23 3271.7953 14.689 ± 0.016

2004 Sep 23 3271.7960 14.688 ± 0.016

2004 Sep 23 3271.7966 14.690 ± 0.017

2004 Sep 23 3271.7973 14.693 ± 0.016

2004 Sep 23 3271.7979 14.688 ± 0.016

2004 Sep 23 3271.7986 14.691 ± 0.017

2004 Sep 23 3271.7992 14.691 ± 0.017

2004 Sep 23 3271.7999 14.691 ± 0.017

2004 Sep 23 3271.8005 14.688 ± 0.017

2004 Sep 23 3271.8012 14.686 ± 0.016

2004 Sep 23 3271.8018 14.691 ± 0.017

2004 Sep 23 3271.8025 14.688 ± 0.017

2004 Sep 23 3271.8031 14.691 ± 0.016

2004 Sep 23 3271.8038 14.686 ± 0.016

2004 Sep 23 3271.8044 14.687 ± 0.016

2004 Sep 23 3271.8051 14.683 ± 0.017

2004 Sep 23 3271.8059 14.685 ± 0.017

2004 Sep 23 3271.8066 14.685 ± 0.016

2004 Sep 23 3271.8072 14.686 ± 0.016

2004 Sep 23 3271.8079 14.686 ± 0.017

2004 Sep 23 3271.8085 14.685 ± 0.017

2004 Sep 23 3271.8092 14.688 ± 0.017

2004 Sep 23 3271.8098 14.688 ± 0.017

2004 Sep 23 3271.8105 14.680 ± 0.017
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UT Date JD−2,450,000 Apparent Mag

2004 Sep 23 3271.8111 14.683 ± 0.017

2004 Sep 23 3271.8118 14.685 ± 0.017

2004 Sep 23 3271.8125 14.687 ± 0.017

2004 Sep 23 3271.8131 14.683 ± 0.016

2004 Sep 23 3271.8138 14.688 ± 0.016

2004 Sep 23 3271.8144 14.686 ± 0.016

2004 Sep 23 3271.8151 14.685 ± 0.017

2004 Sep 23 3271.8158 14.688 ± 0.017

2004 Sep 23 3271.8164 14.685 ± 0.016

2004 Sep 23 3271.8171 14.689 ± 0.016

2004 Sep 23 3271.8177 14.691 ± 0.017

2004 Sep 23 3271.8184 14.687 ± 0.016

2004 Sep 23 3271.8192 14.691 ± 0.016

2004 Sep 23 3271.8199 14.693 ± 0.016

2004 Sep 23 3271.8205 14.690 ± 0.016

2004 Sep 23 3271.8212 14.695 ± 0.016

2004 Sep 23 3271.8218 14.691 ± 0.016

2004 Sep 23 3271.8225 14.695 ± 0.016

2004 Sep 23 3271.8231 14.688 ± 0.016

2004 Sep 23 3271.8238 14.694 ± 0.016

2004 Sep 23 3271.8244 14.695 ± 0.016

2004 Sep 23 3271.8251 14.691 ± 0.016

2004 Sep 23 3271.8257 14.697 ± 0.016

2004 Sep 23 3271.8264 14.695 ± 0.016

2004 Sep 23 3271.8271 14.694 ± 0.016

2004 Sep 23 3271.8277 14.692 ± 0.016

2004 Sep 23 3271.8284 14.693 ± 0.017

2004 Sep 23 3271.8290 14.702 ± 0.016

2004 Sep 23 3271.8297 14.698 ± 0.017

2004 Sep 23 3271.8303 14.693 ± 0.017

2004 Sep 23 3271.8310 14.693 ± 0.016

2004 Sep 23 3271.8317 14.691 ± 0.016
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UT Date JD−2,450,000 Apparent Mag

2004 Sep 23 3271.8387 14.692 ± 0.016

2004 Sep 23 3271.8393 14.684 ± 0.017

2004 Sep 23 3271.8400 14.689 ± 0.016

2004 Sep 23 3271.8407 14.691 ± 0.016

2004 Sep 23 3271.8413 14.690 ± 0.016

2004 Sep 23 3271.8420 14.689 ± 0.016

2004 Sep 23 3271.8426 14.689 ± 0.016

2004 Sep 23 3271.8433 14.690 ± 0.016

2004 Sep 23 3271.8439 14.686 ± 0.016

2004 Sep 23 3271.8446 14.694 ± 0.016

2004 Sep 23 3271.8452 14.694 ± 0.016

2004 Sep 23 3271.8459 14.691 ± 0.016

2004 Sep 23 3271.8466 14.692 ± 0.017

2004 Sep 23 3271.8472 14.698 ± 0.016

2004 Sep 23 3271.8479 14.687 ± 0.016

2004 Sep 23 3271.8485 14.695 ± 0.016

2004 Sep 23 3271.8492 14.692 ± 0.016

2004 Sep 23 3271.8498 14.685 ± 0.017

2004 Sep 23 3271.8505 14.702 ± 0.016

2004 Sep 23 3271.8512 14.689 ± 0.016

2004 Sep 23 3271.8518 14.704 ± 0.016

2004 Sep 23 3271.8525 14.694 ± 0.017

2004 Sep 23 3271.8531 14.695 ± 0.017

2004 Sep 23 3271.8538 14.695 ± 0.017

2004 Sep 23 3271.8545 14.693 ± 0.016

2004 Sep 23 3271.8551 14.689 ± 0.015

2004 Sep 23 3271.8558 14.694 ± 0.016

2004 Sep 23 3271.8564 14.707 ± 0.016

2004 Sep 23 3271.8571 14.701 ± 0.016

2004 Sep 23 3271.8577 14.712 ± 0.016

2004 Sep 23 3271.8584 14.704 ± 0.017

2004 Sep 23 3271.8591 14.697 ± 0.017
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UT Date JD−2,450,000 Apparent Mag

2004 Sep 23 3271.8597 14.696 ± 0.016

2004 Sep 23 3271.8604 14.699 ± 0.016

2004 Sep 23 3271.8610 14.709 ± 0.016

2004 Sep 23 3271.8617 14.710 ± 0.016

2004 Sep 23 3271.8624 14.698 ± 0.016

2004 Sep 23 3271.8630 14.699 ± 0.016

2004 Sep 23 3271.8637 14.702 ± 0.016

2004 Sep 23 3271.8643 14.701 ± 0.016

2004 Sep 23 3271.8650 14.680 ± 0.020

2004 Sep 23 3271.8657 14.706 ± 0.018

2004 Sep 23 3271.8663 14.709 ± 0.015

2004 Sep 23 3271.8670 14.706 ± 0.018

2004 Sep 23 3271.8676 14.700 ± 0.016

2004 Sep 23 3271.8683 14.680 ± 0.018

2004 Sep 23 3271.8690 14.717 ± 0.015

2004 Sep 23 3271.8696 14.686 ± 0.021

2004 Sep 23 3271.8703 14.725 ± 0.015

2004 Sep 23 3271.8709 14.712 ± 0.016

2004 Sep 23 3271.8716 14.704 ± 0.016

2004 Sep 23 3271.8723 14.702 ± 0.017

2004 Sep 23 3271.8729 14.695 ± 0.017

2004 Sep 23 3271.8736 14.702 ± 0.016

2004 Sep 23 3271.8742 14.701 ± 0.017

2004 Sep 23 3271.8749 14.694 ± 0.016

2004 Sep 23 3271.8755 14.692 ± 0.015

2004 Sep 23 3271.8762 14.693 ± 0.015

2004 Sep 23 3271.8768 14.711 ± 0.016

2004 Sep 23 3271.8775 14.708 ± 0.016

2004 Sep 23 3271.8818 14.721 ± 0.017

2004 Sep 23 3271.8824 14.708 ± 0.015

2004 Sep 23 3271.8831 14.712 ± 0.016

2004 Sep 23 3271.8837 14.700 ± 0.017
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UT Date JD−2,450,000 Apparent Mag

2004 Sep 23 3271.8844 14.710 ± 0.016

2004 Sep 23 3271.8851 14.700 ± 0.017

2004 Sep 23 3271.8857 14.716 ± 0.017

2004 Sep 23 3271.8863 14.711 ± 0.017

2004 Sep 23 3271.8870 14.707 ± 0.017

2004 Sep 23 3271.8877 14.705 ± 0.017

2004 Sep 23 3271.8883 14.709 ± 0.016

2004 Sep 23 3271.8890 14.714 ± 0.017

2004 Sep 23 3271.8896 14.694 ± 0.018

2004 Sep 23 3271.8903 14.723 ± 0.018

2004 Sep 23 3271.8910 14.696 ± 0.018

2004 Sep 23 3271.8916 14.696 ± 0.018

2004 Sep 23 3271.8923 14.684 ± 0.016

2004 Sep 23 3271.8929 14.710 ± 0.016

2004 Sep 23 3271.8936 14.704 ± 0.016

2004 Sep 23 3271.8943 14.711 ± 0.018

2004 Sep 23 3271.8949 14.733 ± 0.019

2004 Sep 23 3271.8956 14.713 ± 0.016

2004 Sep 23 3271.8962 14.687 ± 0.017

2004 Sep 23 3271.8969 14.681 ± 0.016

2004 Sep 23 3271.8976 14.692 ± 0.019

2004 Sep 23 3271.8982 14.684 ± 0.026

2004 Sep 23 3271.8989 14.729 ± 0.018

2004 Sep 23 3271.8995 14.689 ± 0.024

2004 Sep 23 3271.9002 14.691 ± 0.022

2004 Sep 23 3271.9008 14.699 ± 0.022

2004 Sep 23 3271.9015 14.711 ± 0.016

2004 Sep 23 3271.9022 14.727 ± 0.018

2004 Sep 23 3271.9028 14.732 ± 0.021

2004 Sep 23 3271.9035 14.723 ± 0.019

2004 Sep 23 3271.9041 14.681 ± 0.016

2004 Sep 23 3271.9048 14.728 ± 0.020
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UT Date JD−2,450,000 Apparent Mag

2004 Sep 23 3271.9055 14.719 ± 0.016

2004 Sep 23 3271.9061 14.707 ± 0.016

2004 Sep 23 3271.9068 14.669 ± 0.018

2004 Sep 23 3271.9074 14.724 ± 0.018

2004 Sep 23 3271.9081 14.701 ± 0.016

2004 Sep 23 3271.9087 14.733 ± 0.021

2004 Sep 23 3271.9094 14.714 ± 0.025

2004 Sep 23 3271.9101 14.709 ± 0.027

2004 Sep 23 3271.9107 14.725 ± 0.020

2004 Sep 23 3271.9114 14.713 ± 0.024

2004 Sep 23 3271.9120 14.735 ± 0.017

2004 Sep 23 3271.9127 14.723 ± 0.019

2004 Sep 23 3271.9134 14.766 ± 0.023

2004 Sep 23 3271.9140 14.681 ± 0.017

2004 Sep 23 3271.9147 14.688 ± 0.022

2004 Sep 23 3271.9153 14.703 ± 0.025

2004 Sep 23 3271.9160 14.732 ± 0.018

2004 Sep 23 3271.9167 14.757 ± 0.027

2004 Sep 23 3271.9173 14.717 ± 0.023

2004 Sep 23 3271.9180 14.709 ± 0.019

2004 Sep 23 3271.9186 14.724 ± 0.030

2004 Sep 23 3271.9193 14.794 ± 0.025

2004 Sep 23 3271.9199 14.735 ± 0.019

2004 Sep 23 3271.9206 14.808 ± 0.020

2004 Sep 24 3272.6711 14.944 ± 0.015

2004 Sep 24 3272.6718 14.960 ± 0.019

2004 Sep 24 3272.6724 14.956 ± 0.016

2004 Sep 24 3272.6731 14.962 ± 0.017

2004 Sep 24 3272.6737 14.953 ± 0.016

2004 Sep 24 3272.6744 14.956 ± 0.016

2004 Sep 24 3272.6751 14.952 ± 0.015

2004 Sep 24 3272.6757 14.977 ± 0.015
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UT Date JD−2,450,000 Apparent Mag

2004 Sep 24 3272.6763 14.950 ± 0.017

2004 Sep 24 3272.6770 14.949 ± 0.016

2004 Sep 24 3272.6777 14.940 ± 0.017

2004 Sep 24 3272.6783 14.971 ± 0.015

2004 Sep 24 3272.6790 14.948 ± 0.017

2004 Sep 24 3272.6796 14.925 ± 0.015

2004 Sep 24 3272.6803 14.962 ± 0.017

2004 Sep 24 3272.6809 14.947 ± 0.015

2004 Sep 24 3272.6817 14.935 ± 0.016

2004 Sep 24 3272.6824 15.075 ± 0.018

2004 Sep 24 3272.6830 14.861 ± 0.016

2004 Sep 24 3272.6837 14.790 ± 0.025

2004 Sep 24 3272.6843 15.013 ± 0.028

2004 Sep 24 3272.6850 14.948 ± 0.059

2004 Sep 24 3272.6856 14.977 ± 0.016

2004 Sep 24 3272.6863 14.957 ± 0.016

2004 Sep 24 3272.6869 14.999 ± 0.015

2004 Sep 24 3272.6876 15.126 ± 0.020

2004 Sep 24 3272.6882 14.957 ± 0.018

2004 Sep 24 3272.6889 15.005 ± 0.022

2004 Sep 24 3272.6895 14.690 ± 0.085

2004 Sep 24 3272.6902 14.822 ± 0.045

2004 Sep 24 3272.6909 14.943 ± 0.016

2004 Sep 24 3272.6915 14.971 ± 0.029

2004 Sep 24 3272.6922 14.996 ± 0.022

2004 Sep 24 3272.6928 14.965 ± 0.016

2004 Sep 24 3272.6935 14.960 ± 0.017

2004 Sep 24 3272.6941 14.924 ± 0.015

2004 Oct 04 3282.6919 14.484 ± 0.015

2004 Oct 04 3282.6949 14.498 ± 0.015

2004 Oct 04 3282.6958 14.505 ± 0.016

2004 Oct 04 3282.6967 14.504 ± 0.015
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UT Date JD−2,450,000 Apparent Mag

2004 Oct 04 3282.6975 14.508 ± 0.016

2004 Oct 04 3282.6984 14.506 ± 0.016

2004 Oct 04 3282.6993 14.504 ± 0.015

2004 Oct 04 3282.7002 14.509 ± 0.016

2004 Oct 04 3282.7011 14.516 ± 0.015

2004 Oct 04 3282.7020 14.523 ± 0.015

2004 Oct 04 3282.7029 14.523 ± 0.015

2004 Oct 04 3282.7037 14.523 ± 0.015

2004 Oct 04 3282.7046 14.531 ± 0.016

2004 Oct 04 3282.7055 14.527 ± 0.015

2004 Oct 04 3282.7064 14.530 ± 0.015

2004 Oct 04 3282.7073 14.531 ± 0.015

2004 Oct 04 3282.7082 14.526 ± 0.015

2004 Oct 04 3282.7091 14.524 ± 0.015

2004 Oct 04 3282.7100 14.523 ± 0.015

2004 Oct 04 3282.7109 14.522 ± 0.015

2004 Oct 04 3282.7117 14.522 ± 0.015

2004 Oct 04 3282.7127 14.509 ± 0.015

2004 Oct 04 3282.7136 14.510 ± 0.015

2004 Oct 04 3282.7145 14.514 ± 0.016

2004 Oct 04 3282.7154 14.517 ± 0.015

2004 Oct 04 3282.7163 14.511 ± 0.015

2004 Oct 04 3282.7172 14.508 ± 0.015

2004 Oct 04 3282.7181 14.508 ± 0.015

2004 Oct 04 3282.7190 14.501 ± 0.016

2004 Oct 04 3282.7198 14.498 ± 0.015

2004 Oct 04 3282.7207 14.502 ± 0.015

2004 Oct 04 3282.7216 14.505 ± 0.016

2004 Oct 04 3282.7225 14.512 ± 0.015

2004 Oct 04 3282.7234 14.515 ± 0.015

2004 Oct 04 3282.7243 14.511 ± 0.015

2004 Oct 04 3282.7252 14.507 ± 0.015
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UT Date JD−2,450,000 Apparent Mag

2004 Oct 04 3282.7261 14.505 ± 0.015

2004 Oct 04 3282.7270 14.503 ± 0.015

2004 Oct 04 3282.7278 14.495 ± 0.015

2004 Oct 04 3282.7287 14.504 ± 0.015

2004 Oct 04 3282.7296 14.505 ± 0.015

2004 Oct 04 3282.7306 14.516 ± 0.015

2004 Oct 04 3282.7315 14.516 ± 0.015

2004 Oct 04 3282.7324 14.519 ± 0.015

2004 Oct 04 3282.7333 14.518 ± 0.015

2004 Oct 04 3282.7342 14.513 ± 0.015

2004 Oct 04 3282.7688 14.515 ± 0.015

2004 Oct 04 3282.7701 14.509 ± 0.015

2004 Oct 04 3282.7710 14.520 ± 0.015

2004 Oct 04 3282.7719 14.523 ± 0.015

2004 Oct 04 3282.7728 14.518 ± 0.015

2004 Oct 04 3282.7737 14.507 ± 0.018

2004 Oct 04 3282.7746 14.518 ± 0.015

2004 Oct 04 3282.7755 14.525 ± 0.015

2004 Oct 04 3282.7764 14.526 ± 0.015

2004 Oct 04 3282.7773 14.524 ± 0.016

2004 Oct 04 3282.7782 14.523 ± 0.015

2004 Oct 04 3282.7790 14.524 ± 0.015

2004 Oct 04 3282.7799 14.523 ± 0.015

2004 Oct 04 3282.7808 14.525 ± 0.016

2004 Oct 04 3282.7817 14.534 ± 0.015

2004 Oct 04 3282.7826 14.537 ± 0.015

2004 Oct 04 3282.7835 14.533 ± 0.015

2004 Oct 04 3282.7843 14.539 ± 0.015

2004 Oct 04 3282.7852 14.541 ± 0.015

2004 Oct 04 3282.7861 14.543 ± 0.015

2004 Oct 04 3282.7871 14.547 ± 0.015

2004 Oct 04 3282.7880 14.549 ± 0.015
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UT Date JD−2,450,000 Apparent Mag

2004 Oct 04 3282.7889 14.546 ± 0.015

2004 Oct 04 3282.7898 14.540 ± 0.015

2004 Oct 04 3282.7907 14.530 ± 0.015

2004 Oct 04 3282.7916 14.530 ± 0.015

2004 Oct 04 3282.7925 14.531 ± 0.015

2004 Oct 04 3282.7933 14.533 ± 0.015

2004 Oct 04 3282.7942 14.534 ± 0.015

2004 Oct 04 3282.7951 14.531 ± 0.015

2004 Oct 04 3282.7960 14.535 ± 0.015

2004 Oct 04 3282.7969 14.535 ± 0.015

2004 Oct 04 3282.7978 14.530 ± 0.015

2004 Oct 04 3282.7987 14.525 ± 0.015

2004 Oct 04 3282.7996 14.526 ± 0.015

2004 Oct 04 3282.8005 14.529 ± 0.015

2004 Oct 04 3282.8013 14.538 ± 0.016

2004 Oct 04 3282.8023 14.543 ± 0.016

2004 Oct 04 3282.8031 14.541 ± 0.015

2004 Oct 04 3282.8040 14.539 ± 0.015

2004 Oct 04 3282.8050 14.536 ± 0.015

2004 Oct 04 3282.8059 14.537 ± 0.015

2004 Oct 04 3282.8068 14.536 ± 0.015

2004 Oct 04 3282.8077 14.529 ± 0.015

2004 Oct 04 3282.8086 14.540 ± 0.015

2004 Oct 04 3282.8175 14.552 ± 0.015

2004 Oct 04 3282.8184 14.541 ± 0.015

2004 Oct 04 3282.8193 14.541 ± 0.015

2004 Oct 04 3282.8201 14.537 ± 0.015

2004 Oct 04 3282.8210 14.545 ± 0.015

2004 Oct 04 3282.8219 14.549 ± 0.015

2004 Oct 04 3282.8228 14.542 ± 0.015

2004 Oct 04 3282.8237 14.547 ± 0.015

2004 Oct 04 3282.8246 14.542 ± 0.015
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UT Date JD−2,450,000 Apparent Mag

2004 Oct 04 3282.8255 14.537 ± 0.015

2004 Oct 04 3282.8264 14.545 ± 0.015

2004 Oct 04 3282.8273 14.538 ± 0.015

2004 Oct 04 3282.8281 14.537 ± 0.015

2004 Oct 04 3282.8290 14.535 ± 0.015

2004 Oct 04 3282.8299 14.536 ± 0.015

2004 Oct 04 3282.8308 14.534 ± 0.015

2004 Oct 04 3282.8317 14.533 ± 0.015

2004 Oct 04 3282.8326 14.534 ± 0.015

2004 Oct 04 3282.8335 14.533 ± 0.015

2004 Oct 04 3282.8345 14.525 ± 0.015

2004 Oct 04 3282.8353 14.517 ± 0.015

2004 Oct 04 3282.8362 14.515 ± 0.015

2004 Oct 04 3282.8371 14.516 ± 0.015

2004 Oct 04 3282.8380 14.523 ± 0.015

2004 Oct 04 3282.8389 14.525 ± 0.015

2004 Oct 04 3282.8398 14.536 ± 0.015

2004 Oct 04 3282.8407 14.540 ± 0.015

2004 Oct 04 3282.8416 14.538 ± 0.015

2004 Oct 04 3282.8424 14.540 ± 0.015

2004 Oct 04 3282.8433 14.536 ± 0.015

2004 Oct 04 3282.8442 14.538 ± 0.015

2004 Oct 04 3282.8451 14.529 ± 0.015

2004 Oct 04 3282.8460 14.513 ± 0.015

2004 Oct 04 3282.8469 14.513 ± 0.015

2004 Oct 04 3282.8478 14.505 ± 0.015

2004 Oct 04 3282.8487 14.494 ± 0.015

2004 Oct 04 3282.8496 14.476 ± 0.015

2004 Oct 04 3282.8504 14.476 ± 0.015

2004 Oct 04 3282.8513 14.477 ± 0.015

2004 Oct 04 3282.8524 14.474 ± 0.015

2004 Oct 04 3282.8533 14.489 ± 0.015
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UT Date JD−2,450,000 Apparent Mag

2004 Oct 04 3282.8542 14.492 ± 0.015

2004 Oct 04 3282.8551 14.498 ± 0.015

2004 Oct 04 3282.8560 14.499 ± 0.015

2004 Oct 04 3282.8642 14.524 ± 0.015

2004 Oct 04 3282.8651 14.526 ± 0.015

2004 Oct 04 3282.8660 14.516 ± 0.015

2004 Oct 04 3282.8669 14.517 ± 0.015

2004 Oct 04 3282.8678 14.521 ± 0.015

2004 Oct 04 3282.8687 14.520 ± 0.015

2004 Oct 04 3282.8696 14.526 ± 0.015

2004 Oct 04 3282.8705 14.525 ± 0.015

2004 Oct 04 3282.8713 14.534 ± 0.015

2004 Oct 04 3282.8722 14.536 ± 0.017

2004 Oct 04 3282.8731 14.520 ± 0.015

2004 Oct 04 3282.8740 14.512 ± 0.015

2004 Oct 04 3282.8749 14.510 ± 0.015

2004 Oct 04 3282.8758 14.507 ± 0.015

2004 Oct 04 3282.8766 14.503 ± 0.015

2004 Oct 04 3282.8784 14.512 ± 0.015

2004 Oct 04 3282.8793 14.518 ± 0.015

2004 Oct 04 3282.8802 14.525 ± 0.015

2004 Oct 04 3282.8811 14.528 ± 0.015

2004 Oct 04 3282.8821 14.525 ± 0.015

2004 Oct 04 3282.8829 14.533 ± 0.015

2004 Oct 04 3282.8838 14.521 ± 0.015

2004 Oct 04 3282.8847 14.511 ± 0.015

2004 Oct 04 3282.8856 14.507 ± 0.015

2004 Oct 04 3282.8865 14.509 ± 0.015

2004 Oct 04 3282.8874 14.504 ± 0.015

2004 Oct 04 3282.8883 14.497 ± 0.015

2004 Oct 04 3282.8892 14.487 ± 0.015

2004 Oct 04 3282.8901 14.505 ± 0.015
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UT Date JD−2,450,000 Apparent Mag

2004 Oct 04 3282.8909 14.511 ± 0.017

2004 Oct 04 3282.8918 14.522 ± 0.015

2004 Oct 04 3282.8927 14.535 ± 0.016

2004 Oct 04 3282.8936 14.539 ± 0.015

2004 Oct 04 3282.8945 14.547 ± 0.015

2004 Oct 04 3282.8954 14.555 ± 0.015

2004 Oct 04 3282.8963 14.560 ± 0.015

2004 Oct 04 3282.8971 14.575 ± 0.015

2004 Oct 04 3282.8980 14.570 ± 0.015

2004 Oct 04 3282.8989 14.572 ± 0.015

2004 Oct 04 3282.9001 14.573 ± 0.015

2004 Oct 04 3282.9010 14.567 ± 0.015

2004 Oct 04 3282.9018 14.575 ± 0.015

2004 Oct 04 3282.9027 14.575 ± 0.015

2004 Oct 04 3282.9036 14.564 ± 0.015

2004 Oct 04 3282.9085 14.577 ± 0.015

2004 Oct 04 3282.9093 14.576 ± 0.015

2004 Oct 04 3282.9102 14.573 ± 0.014

2004 Oct 04 3282.9111 14.575 ± 0.015

2004 Oct 04 3282.9120 14.573 ± 0.015

2004 Oct 04 3282.9129 14.565 ± 0.015

2004 Oct 04 3282.9138 14.574 ± 0.014

2004 Oct 04 3282.9147 14.557 ± 0.015

2004 Oct 04 3282.9156 14.571 ± 0.015

2004 Oct 04 3282.9164 14.554 ± 0.015

2004 Oct 04 3282.9173 14.566 ± 0.014

2004 Oct 04 3282.9182 14.549 ± 0.015

2004 Oct 04 3282.9191 14.562 ± 0.014

2004 Oct 04 3282.9200 14.552 ± 0.015

2004 Oct 04 3282.9209 14.553 ± 0.015

2004 Oct 04 3282.9218 14.604 ± 0.035

2004 Oct 04 3282.9227 14.535 ± 0.016
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UT Date JD−2,450,000 Apparent Mag

2004 Oct 04 3282.9235 14.542 ± 0.015

2004 Oct 04 3282.9244 14.541 ± 0.016

2004 Oct 05 3283.6242 14.952 ± 0.015

2004 Oct 05 3283.6251 14.953 ± 0.016

2004 Oct 05 3283.6260 14.954 ± 0.016

2004 Oct 05 3283.6268 14.951 ± 0.016

2004 Oct 05 3283.6277 14.949 ± 0.016

2004 Oct 05 3283.6288 14.952 ± 0.015

2004 Oct 05 3283.6297 14.950 ± 0.016

2004 Oct 05 3283.6306 14.947 ± 0.015

2004 Oct 05 3283.6315 14.947 ± 0.016

2004 Oct 05 3283.6323 14.947 ± 0.016

2004 Oct 05 3283.6332 14.944 ± 0.015

2004 Oct 05 3283.6341 14.945 ± 0.016

2004 Oct 05 3283.6350 14.936 ± 0.015

2004 Oct 05 3283.6358 14.937 ± 0.016

2004 Oct 05 3283.6367 14.936 ± 0.015

2004 Oct 05 3283.6376 14.935 ± 0.016

2004 Oct 05 3283.6385 14.939 ± 0.016

2004 Oct 05 3283.6394 14.934 ± 0.015

2004 Oct 05 3283.6403 14.937 ± 0.016

2004 Oct 05 3283.6411 14.929 ± 0.016

2004 Oct 05 3283.6420 14.932 ± 0.016

2004 Oct 05 3283.6429 14.929 ± 0.016

2004 Oct 05 3283.6438 14.930 ± 0.016

2004 Oct 05 3283.6447 14.926 ± 0.016

2004 Oct 05 3283.6456 14.930 ± 0.016

2004 Oct 05 3283.6466 14.925 ± 0.016

2004 Oct 05 3283.6475 14.928 ± 0.016

2004 Oct 05 3283.6483 14.929 ± 0.016

2004 Oct 05 3283.6492 14.931 ± 0.016

2004 Oct 05 3283.6501 14.931 ± 0.016
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UT Date JD−2,450,000 Apparent Mag

2004 Oct 05 3283.6510 14.930 ± 0.016

2004 Oct 05 3283.6519 14.928 ± 0.015

2004 Oct 05 3283.6527 14.935 ± 0.016

2004 Oct 05 3283.6536 14.935 ± 0.016

2004 Oct 05 3283.6545 14.935 ± 0.016

2004 Oct 05 3283.6554 14.936 ± 0.016

2004 Oct 05 3283.6563 14.941 ± 0.016

2004 Oct 05 3283.6572 14.936 ± 0.016

2004 Oct 05 3283.6581 14.938 ± 0.016

2004 Oct 05 3283.6589 14.935 ± 0.015

2004 Oct 05 3283.6598 14.938 ± 0.016

2004 Oct 05 3283.6607 14.932 ± 0.015

2004 Oct 05 3283.6616 14.934 ± 0.016

2004 Oct 05 3283.6625 14.932 ± 0.015

2004 Oct 05 3283.6634 14.931 ± 0.015

2004 Oct 05 3283.6762 14.961 ± 0.015

2004 Oct 05 3283.6771 14.964 ± 0.015

2004 Oct 05 3283.6780 14.978 ± 0.016

2004 Oct 05 3283.6788 14.971 ± 0.015

2004 Oct 05 3283.6797 14.981 ± 0.016

2004 Oct 05 3283.6806 14.983 ± 0.015

2004 Oct 05 3283.6815 14.983 ± 0.016

2004 Oct 05 3283.6824 14.990 ± 0.016

2004 Oct 05 3283.6833 14.992 ± 0.015

2004 Oct 05 3283.6842 14.995 ± 0.016

2004 Oct 05 3283.6850 14.998 ± 0.016

2004 Oct 05 3283.6859 14.998 ± 0.015

2004 Oct 05 3283.6868 15.002 ± 0.016

2004 Oct 05 3283.6877 15.008 ± 0.016

2004 Oct 05 3283.6886 15.004 ± 0.016

2004 Oct 05 3283.6894 15.008 ± 0.015

2004 Oct 05 3283.6903 15.009 ± 0.016
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UT Date JD−2,450,000 Apparent Mag

2004 Oct 05 3283.6912 15.014 ± 0.016

2004 Oct 05 3283.6921 15.018 ± 0.015

2004 Oct 05 3283.6930 15.021 ± 0.016

2004 Oct 05 3283.6940 15.015 ± 0.016

2004 Oct 05 3283.6949 15.016 ± 0.016

2004 Oct 05 3283.6958 15.022 ± 0.015

2004 Oct 05 3283.6967 15.021 ± 0.016

2004 Oct 05 3283.6975 15.018 ± 0.015

2004 Oct 05 3283.6984 15.019 ± 0.015

2004 Oct 05 3283.6993 15.029 ± 0.015

2004 Oct 05 3283.7002 15.031 ± 0.015

2004 Oct 05 3283.7011 15.026 ± 0.016

2004 Oct 05 3283.7020 15.033 ± 0.016

2004 Oct 05 3283.7029 15.030 ± 0.016

2004 Oct 05 3283.7037 15.034 ± 0.015

2004 Oct 05 3283.7046 15.034 ± 0.015

2004 Oct 05 3283.7055 15.039 ± 0.016

2004 Oct 05 3283.7064 15.038 ± 0.016

2004 Oct 05 3283.7073 15.042 ± 0.016

2004 Oct 05 3283.7082 15.042 ± 0.016

2004 Oct 05 3283.7091 15.042 ± 0.015

2004 Oct 05 3283.7099 15.047 ± 0.016

2004 Oct 05 3283.7108 15.038 ± 0.016

2004 Oct 05 3283.7155 15.039 ± 0.016

2004 Oct 05 3283.7164 15.043 ± 0.015

2004 Oct 05 3283.7173 15.043 ± 0.016

2004 Oct 05 3283.7182 15.042 ± 0.016

2004 Oct 05 3283.7190 15.047 ± 0.015

2004 Oct 05 3283.7253 15.063 ± 0.015

2004 Oct 05 3283.7262 15.057 ± 0.015

2004 Oct 05 3283.7270 15.059 ± 0.015

2004 Oct 05 3283.7279 15.062 ± 0.016
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UT Date JD−2,450,000 Apparent Mag

2004 Oct 05 3283.7288 15.054 ± 0.015

2004 Oct 05 3283.7297 15.061 ± 0.015

2004 Oct 05 3283.7306 15.052 ± 0.016

2004 Oct 05 3283.7315 15.062 ± 0.015

2004 Oct 05 3283.7323 15.063 ± 0.015

2004 Oct 05 3283.7332 15.057 ± 0.016

2004 Oct 05 3283.7341 15.059 ± 0.015

2004 Oct 05 3283.7350 15.059 ± 0.016

2004 Oct 05 3283.7359 15.056 ± 0.016

2004 Oct 05 3283.7368 15.056 ± 0.016

2004 Oct 05 3283.7376 15.062 ± 0.015

2004 Oct 05 3283.7385 15.064 ± 0.016

2004 Oct 05 3283.7394 15.062 ± 0.015

2004 Oct 05 3283.7403 15.066 ± 0.016

2004 Oct 05 3283.7412 15.066 ± 0.016

2004 Oct 05 3283.7421 15.065 ± 0.016

2004 Oct 05 3283.7431 15.064 ± 0.015

2004 Oct 05 3283.7440 15.068 ± 0.016

2004 Oct 05 3283.7448 15.070 ± 0.015

2004 Oct 05 3283.7457 15.078 ± 0.016

2004 Oct 05 3283.7466 15.073 ± 0.015

2004 Oct 05 3283.7475 15.075 ± 0.016

2004 Oct 05 3283.7484 15.075 ± 0.016

2004 Oct 05 3283.7493 15.074 ± 0.015

2004 Oct 05 3283.7502 15.075 ± 0.016

2004 Oct 05 3283.7511 15.078 ± 0.015

2004 Oct 05 3283.7519 15.073 ± 0.016

2004 Oct 05 3283.7528 15.071 ± 0.015

2004 Oct 05 3283.7537 15.077 ± 0.016

2004 Oct 05 3283.7546 15.077 ± 0.016

2004 Oct 05 3283.7555 15.073 ± 0.015

2004 Oct 05 3283.7563 15.074 ± 0.015
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UT Date JD−2,450,000 Apparent Mag

2004 Oct 05 3283.7572 15.072 ± 0.016

2004 Oct 05 3283.7581 15.073 ± 0.015

2004 Oct 05 3283.7590 15.071 ± 0.015

2004 Oct 05 3283.7599 15.085 ± 0.016

2004 Oct 05 3283.7610 15.088 ± 0.015

2004 Oct 05 3283.7619 15.085 ± 0.015

2004 Oct 05 3283.7627 15.093 ± 0.016

2004 Oct 05 3283.7636 15.088 ± 0.015

2004 Oct 05 3283.7645 15.091 ± 0.015

2004 Oct 05 3283.7716 15.102 ± 0.015

2004 Oct 05 3283.7725 15.099 ± 0.015

2004 Oct 05 3283.7734 15.102 ± 0.015

2004 Oct 05 3283.7743 15.104 ± 0.015

2004 Oct 05 3283.7752 15.103 ± 0.016

2004 Oct 05 3283.7760 15.111 ± 0.015

2004 Oct 05 3283.7769 15.105 ± 0.015

2004 Oct 05 3283.7778 15.111 ± 0.015

2004 Oct 05 3283.7787 15.108 ± 0.015

2004 Oct 05 3283.7796 15.110 ± 0.015

2004 Oct 05 3283.7805 15.113 ± 0.016

2004 Oct 05 3283.7814 15.114 ± 0.015

2004 Oct 05 3283.7823 15.122 ± 0.016

2004 Oct 05 3283.7832 15.117 ± 0.015

2004 Oct 05 3283.7840 15.126 ± 0.016

2004 Oct 05 3283.7849 15.124 ± 0.015

2004 Oct 05 3283.7858 15.125 ± 0.015

2004 Oct 05 3283.7867 15.130 ± 0.016

2004 Oct 05 3283.7876 15.130 ± 0.016

2004 Oct 05 3283.7885 15.128 ± 0.015

2004 Oct 05 3283.7895 15.133 ± 0.015

2004 Oct 05 3283.7904 15.135 ± 0.016

2004 Oct 05 3283.7912 15.134 ± 0.016
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UT Date JD−2,450,000 Apparent Mag

2004 Oct 05 3283.7921 15.141 ± 0.016

2004 Oct 05 3283.7930 15.144 ± 0.015

2004 Oct 05 3283.7939 15.136 ± 0.015

2004 Oct 05 3283.7948 15.148 ± 0.015

2004 Oct 05 3283.7957 15.146 ± 0.015

2004 Oct 05 3283.7966 15.145 ± 0.016

2004 Oct 05 3283.7974 15.149 ± 0.015

2004 Oct 05 3283.7983 15.146 ± 0.015

2004 Oct 05 3283.7992 15.150 ± 0.015

2004 Oct 05 3283.8001 15.151 ± 0.015

2004 Oct 05 3283.8010 15.151 ± 0.016

2004 Oct 05 3283.8019 15.151 ± 0.015

2004 Oct 05 3283.8028 15.150 ± 0.016

2004 Oct 05 3283.8037 15.152 ± 0.015

2004 Oct 05 3283.8046 15.157 ± 0.015

2004 Oct 05 3283.8054 15.159 ± 0.015

2004 Oct 05 3283.8063 15.154 ± 0.015

2004 Oct 05 3283.8075 15.159 ± 0.015

2004 Oct 05 3283.8083 15.157 ± 0.015

2004 Oct 05 3283.8092 15.159 ± 0.016

2004 Oct 05 3283.8101 15.158 ± 0.015

2004 Oct 05 3283.8110 15.162 ± 0.015

2004 Oct 05 3283.8198 15.167 ± 0.015

2004 Oct 05 3283.8207 15.169 ± 0.015

2004 Oct 05 3283.8216 15.171 ± 0.015

2004 Oct 05 3283.8224 15.170 ± 0.015

2004 Oct 05 3283.8233 15.173 ± 0.015

2004 Oct 05 3283.8242 15.180 ± 0.015

2004 Oct 05 3283.8251 15.167 ± 0.015

2004 Oct 05 3283.8260 15.173 ± 0.015

2004 Oct 05 3283.8269 15.176 ± 0.016

2004 Oct 05 3283.8278 15.170 ± 0.015
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UT Date JD−2,450,000 Apparent Mag

2004 Oct 05 3283.8287 15.169 ± 0.015

2004 Oct 05 3283.8296 15.167 ± 0.015

2004 Oct 05 3283.8304 15.169 ± 0.015

2004 Oct 05 3283.8313 15.164 ± 0.015

2004 Oct 05 3283.8322 15.169 ± 0.015

2004 Oct 05 3283.8331 15.167 ± 0.015

2004 Oct 05 3283.8340 15.174 ± 0.015

2004 Oct 05 3283.8349 15.178 ± 0.015

2004 Oct 05 3283.8358 15.172 ± 0.015

2004 Oct 05 3283.8367 15.171 ± 0.015

2004 Oct 05 3283.8377 15.171 ± 0.015

2004 Oct 05 3283.8386 15.175 ± 0.015

2004 Oct 05 3283.8395 15.176 ± 0.015

2004 Oct 05 3283.8404 15.175 ± 0.015

2004 Oct 05 3283.8413 15.173 ± 0.015

2004 Oct 05 3283.8421 15.172 ± 0.015

2004 Oct 05 3283.8430 15.171 ± 0.015

2004 Oct 05 3283.8439 15.176 ± 0.015

2004 Oct 05 3283.8448 15.174 ± 0.015

2004 Oct 05 3283.8457 15.174 ± 0.015

2004 Oct 05 3283.8466 15.173 ± 0.015

2004 Oct 05 3283.8475 15.179 ± 0.015

2004 Oct 05 3283.8484 15.177 ± 0.015

2004 Oct 05 3283.8492 15.182 ± 0.015

2004 Oct 05 3283.8501 15.176 ± 0.015

2004 Oct 05 3283.8510 15.178 ± 0.015

2004 Oct 05 3283.8519 15.183 ± 0.015

2004 Oct 05 3283.8528 15.183 ± 0.015

2004 Oct 05 3283.8537 15.185 ± 0.015

2004 Oct 05 3283.8545 15.185 ± 0.015

2004 Oct 05 3283.8557 15.185 ± 0.015

2004 Oct 05 3283.8566 15.181 ± 0.015
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UT Date JD−2,450,000 Apparent Mag

2004 Oct 05 3283.8575 15.184 ± 0.015

2004 Oct 05 3283.8584 15.192 ± 0.015

2004 Oct 05 3283.8593 15.190 ± 0.015

2004 Oct 05 3283.8652 15.194 ± 0.015

2004 Oct 05 3283.8661 15.193 ± 0.015

2004 Oct 05 3283.8670 15.200 ± 0.015

2004 Oct 05 3283.8679 15.199 ± 0.015

2004 Oct 05 3283.8687 15.192 ± 0.015

2004 Oct 05 3283.8696 15.200 ± 0.015

2004 Oct 05 3283.8705 15.210 ± 0.016

2004 Oct 05 3283.8714 15.208 ± 0.015

2004 Oct 05 3283.8723 15.202 ± 0.015

2004 Oct 05 3283.8732 15.209 ± 0.015

2004 Oct 05 3283.8741 15.213 ± 0.015

2004 Oct 05 3283.8750 15.222 ± 0.015

2004 Oct 05 3283.8759 15.206 ± 0.015

2004 Oct 05 3283.8767 15.220 ± 0.015

2004 Oct 05 3283.8776 15.216 ± 0.015

2004 Oct 05 3283.8785 15.219 ± 0.015

2004 Oct 05 3283.8794 15.204 ± 0.015

2004 Oct 05 3283.8803 15.216 ± 0.015

2004 Oct 05 3283.8812 15.217 ± 0.015

2004 Oct 05 3283.8821 15.223 ± 0.015

2004 Oct 05 3283.8831 15.212 ± 0.015

2004 Oct 05 3283.8840 15.220 ± 0.015

2004 Oct 05 3283.8849 15.216 ± 0.015

2004 Oct 05 3283.8858 15.217 ± 0.015

2004 Oct 05 3283.8867 15.224 ± 0.015

2004 Oct 05 3283.8876 15.229 ± 0.015

2004 Oct 05 3283.8884 15.224 ± 0.015

2004 Oct 05 3283.8893 15.232 ± 0.015

2004 Oct 05 3283.8902 15.228 ± 0.015
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UT Date JD−2,450,000 Apparent Mag

2004 Oct 05 3283.8911 15.222 ± 0.015

2004 Oct 05 3283.8920 15.226 ± 0.015

2004 Oct 05 3283.8929 15.222 ± 0.014

2004 Oct 05 3283.8938 15.219 ± 0.015

2004 Oct 05 3283.8947 15.232 ± 0.015

2004 Oct 05 3283.8955 15.228 ± 0.016

2004 Oct 05 3283.8964 15.231 ± 0.015

2004 Oct 05 3283.8973 15.226 ± 0.015

2004 Oct 05 3283.8982 15.225 ± 0.015

2004 Oct 05 3283.8991 15.223 ± 0.015

2004 Oct 05 3283.9000 15.229 ± 0.016

2004 Oct 05 3283.9011 15.226 ± 0.015

2004 Oct 05 3283.9020 15.228 ± 0.015

2004 Oct 05 3283.9029 15.223 ± 0.015

2004 Oct 05 3283.9038 15.221 ± 0.015

2004 Oct 05 3283.9047 15.223 ± 0.015

2004 Oct 05 3283.9092 15.207 ± 0.015

2004 Oct 05 3283.9101 15.219 ± 0.015

2004 Oct 05 3283.9110 15.220 ± 0.015

2004 Oct 05 3283.9119 15.222 ± 0.015

2004 Oct 05 3283.9128 15.224 ± 0.015

2004 Oct 05 3283.9137 15.226 ± 0.015

2004 Oct 05 3283.9146 15.212 ± 0.016

2004 Oct 05 3283.9154 15.223 ± 0.017

2004 Oct 05 3283.9163 15.237 ± 0.015

2004 Oct 06 3284.6524 15.368 ± 0.015

2004 Oct 06 3284.6533 15.374 ± 0.016

2004 Oct 06 3284.6542 15.376 ± 0.016

2004 Oct 06 3284.6551 15.369 ± 0.015

2004 Oct 06 3284.6560 15.371 ± 0.015

2004 Oct 06 3284.6568 15.370 ± 0.016

2004 Oct 06 3284.6577 15.370 ± 0.016
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UT Date JD−2,450,000 Apparent Mag

2004 Oct 06 3284.6586 15.365 ± 0.016

2004 Oct 06 3284.6595 15.372 ± 0.015

2004 Oct 06 3284.6604 15.371 ± 0.016

2004 Oct 06 3284.6613 15.372 ± 0.016

2004 Oct 06 3284.6622 15.368 ± 0.015

2004 Oct 06 3284.6630 15.372 ± 0.016

2004 Oct 06 3284.6639 15.376 ± 0.016

2004 Oct 06 3284.6648 15.376 ± 0.016

2004 Oct 06 3284.6657 15.375 ± 0.015

2004 Oct 06 3284.6666 15.376 ± 0.015

2004 Oct 06 3284.6675 15.368 ± 0.016

2004 Oct 06 3284.6684 15.383 ± 0.015

2004 Oct 06 3284.6692 15.376 ± 0.015

2004 Oct 06 3284.6708 15.378 ± 0.015

2004 Oct 06 3284.6717 15.381 ± 0.016

2004 Oct 06 3284.6726 15.383 ± 0.015

2004 Oct 06 3284.6735 15.378 ± 0.015

2004 Oct 06 3284.6744 15.385 ± 0.015

2004 Oct 06 3284.6753 15.384 ± 0.016

2004 Oct 06 3284.6762 15.383 ± 0.016

2004 Oct 06 3284.6771 15.389 ± 0.015

2004 Oct 06 3284.6779 15.386 ± 0.016

2004 Oct 06 3284.6788 15.388 ± 0.016

2004 Oct 06 3284.6797 15.385 ± 0.016

2004 Oct 06 3284.6806 15.386 ± 0.015

2004 Oct 06 3284.6815 15.383 ± 0.015

2004 Oct 06 3284.6824 15.393 ± 0.016

2004 Oct 06 3284.6832 15.382 ± 0.015

2004 Oct 06 3284.6841 15.395 ± 0.016

2004 Oct 06 3284.6850 15.391 ± 0.015

2004 Oct 06 3284.6859 15.178 ± 0.015

2004 Oct 06 3284.6868 15.397 ± 0.016
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2004 Oct 06 3284.6877 15.399 ± 0.015

2004 Oct 06 3284.6888 15.399 ± 0.015

2004 Oct 06 3284.6897 15.396 ± 0.016

2004 Oct 06 3284.6906 15.401 ± 0.015

2004 Oct 06 3284.6915 15.404 ± 0.016

2004 Oct 06 3284.6923 15.397 ± 0.015

2004 Oct 06 3284.7092 15.407 ± 0.016

2004 Oct 06 3284.7101 15.406 ± 0.015

2004 Oct 06 3284.7110 15.412 ± 0.016

2004 Oct 06 3284.7118 15.401 ± 0.015

2004 Oct 06 3284.7127 15.410 ± 0.015

2004 Oct 06 3284.7136 15.406 ± 0.015

2004 Oct 06 3284.7145 15.407 ± 0.015

2004 Oct 06 3284.7154 15.409 ± 0.015

2004 Oct 06 3284.7163 15.409 ± 0.015

2004 Oct 06 3284.7172 15.417 ± 0.016

2004 Oct 06 3284.7181 15.415 ± 0.015

2004 Oct 06 3284.7190 15.409 ± 0.015

2004 Oct 06 3284.7199 15.416 ± 0.015

2004 Oct 06 3284.7207 15.416 ± 0.015

2004 Oct 06 3284.7216 15.407 ± 0.015

2004 Oct 06 3284.7225 15.412 ± 0.015

2004 Oct 06 3284.7234 15.418 ± 0.016

2004 Oct 06 3284.7243 15.414 ± 0.015

2004 Oct 06 3284.7252 15.409 ± 0.015

2004 Oct 06 3284.7261 15.411 ± 0.015

2004 Oct 06 3284.7271 15.411 ± 0.016

2004 Oct 06 3284.7280 15.414 ± 0.015

2004 Oct 06 3284.7288 15.412 ± 0.015

2004 Oct 06 3284.7297 15.410 ± 0.015

2004 Oct 06 3284.7306 15.416 ± 0.015

2004 Oct 06 3284.7315 15.409 ± 0.015
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2004 Oct 06 3284.7324 15.409 ± 0.015

2004 Oct 06 3284.7333 15.415 ± 0.016

2004 Oct 06 3284.7342 15.409 ± 0.015

2004 Oct 06 3284.7350 15.415 ± 0.015

2004 Oct 06 3284.7359 15.415 ± 0.015

2004 Oct 06 3284.7368 15.416 ± 0.015

2004 Oct 06 3284.7377 15.417 ± 0.015

2004 Oct 06 3284.7386 15.416 ± 0.015

2004 Oct 06 3284.7395 15.419 ± 0.015

2004 Oct 06 3284.7404 15.418 ± 0.015

2004 Oct 06 3284.7413 15.423 ± 0.015

2004 Oct 06 3284.7422 15.418 ± 0.016

2004 Oct 06 3284.7431 15.425 ± 0.015

2004 Oct 06 3284.7439 15.426 ± 0.016

2004 Oct 06 3284.7450 15.427 ± 0.016

2004 Oct 06 3284.7459 15.423 ± 0.015

2004 Oct 06 3284.7468 15.420 ± 0.015

2004 Oct 06 3284.7477 15.424 ± 0.015

2004 Oct 06 3284.7485 15.422 ± 0.016

2004 Oct 06 3284.7542 15.431 ± 0.015

2004 Oct 06 3284.7551 15.431 ± 0.015

2004 Oct 06 3284.7560 15.435 ± 0.015

2004 Oct 06 3284.7569 15.435 ± 0.015

2004 Oct 06 3284.7578 15.438 ± 0.015

2004 Oct 06 3284.7587 15.437 ± 0.015

2004 Oct 06 3284.7596 15.445 ± 0.015

2004 Oct 06 3284.7605 15.441 ± 0.016

2004 Oct 06 3284.7613 15.440 ± 0.015

2004 Oct 06 3284.7623 15.442 ± 0.015

2004 Oct 06 3284.7631 15.442 ± 0.016

2004 Oct 06 3284.7640 15.440 ± 0.015

2004 Oct 06 3284.7649 15.438 ± 0.015
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2004 Oct 06 3284.7658 15.443 ± 0.016

2004 Oct 06 3284.7667 15.441 ± 0.015

2004 Oct 06 3284.7675 15.446 ± 0.015

2004 Oct 06 3284.7684 15.446 ± 0.016

2004 Oct 06 3284.7693 15.442 ± 0.015

2004 Oct 06 3284.7702 15.452 ± 0.016

2004 Oct 06 3284.7711 15.445 ± 0.016

2004 Oct 06 3284.7721 15.445 ± 0.015

2004 Oct 06 3284.7730 15.443 ± 0.016

2004 Oct 06 3284.7739 15.445 ± 0.015

2004 Oct 06 3284.7748 15.443 ± 0.016

2004 Oct 06 3284.7757 15.445 ± 0.016

2004 Oct 06 3284.7766 15.446 ± 0.016

2004 Oct 06 3284.7775 15.448 ± 0.015

2004 Oct 06 3284.7784 15.440 ± 0.015

2004 Oct 06 3284.7792 15.437 ± 0.016

2004 Oct 06 3284.7801 15.446 ± 0.017

2004 Oct 06 3284.7810 15.443 ± 0.016

2004 Oct 06 3284.7819 15.447 ± 0.016

2004 Oct 06 3284.7828 15.440 ± 0.016

2004 Oct 06 3284.7837 15.447 ± 0.017

2004 Oct 06 3284.7845 15.450 ± 0.017

2004 Oct 06 3284.7854 15.437 ± 0.016

2004 Oct 06 3284.7863 15.433 ± 0.016

2004 Oct 06 3284.7872 15.440 ± 0.016

2004 Oct 06 3284.7881 15.436 ± 0.016

2004 Oct 06 3284.7890 15.448 ± 0.016

2004 Oct 06 3284.7900 15.448 ± 0.015

2004 Oct 06 3284.7909 15.443 ± 0.015

2004 Oct 06 3284.7918 15.491 ± 0.025

2004 Oct 06 3284.7927 15.451 ± 0.015

2004 Oct 06 3284.7936 15.446 ± 0.016
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2004 Oct 06 3284.8659 15.431 ± 0.015

2004 Oct 06 3284.8668 15.428 ± 0.015

2004 Oct 06 3284.8677 15.440 ± 0.015

2004 Oct 06 3284.8686 15.432 ± 0.015

2004 Oct 06 3284.8695 15.442 ± 0.015

2004 Oct 06 3284.8705 15.432 ± 0.015

2004 Oct 06 3284.8714 15.434 ± 0.016

2004 Oct 06 3284.8723 15.444 ± 0.015

2004 Oct 06 3284.8732 15.433 ± 0.016

2004 Oct 06 3284.8741 15.444 ± 0.015

2004 Oct 06 3284.8750 15.432 ± 0.015

2004 Oct 06 3284.8759 15.437 ± 0.015

2004 Oct 06 3284.8768 15.435 ± 0.015

2004 Oct 06 3284.8776 15.438 ± 0.015

2004 Oct 06 3284.8785 15.425 ± 0.015

2004 Oct 06 3284.8794 15.439 ± 0.015

2004 Oct 06 3284.8803 15.437 ± 0.015

2004 Oct 06 3284.8812 15.431 ± 0.015

2004 Oct 06 3284.8821 15.431 ± 0.015

2004 Oct 06 3284.8830 15.435 ± 0.015

2004 Oct 06 3284.8839 15.435 ± 0.015

2004 Oct 06 3284.8848 15.438 ± 0.015

2004 Oct 06 3284.8857 15.434 ± 0.015

2004 Oct 06 3284.8865 15.442 ± 0.015

2004 Oct 06 3284.8874 15.438 ± 0.015

2004 Oct 06 3284.8894 15.436 ± 0.015

2004 Oct 06 3284.8903 15.448 ± 0.015

2004 Oct 06 3284.8912 15.451 ± 0.015

2004 Oct 06 3284.8920 15.436 ± 0.015

2004 Oct 06 3284.8929 15.439 ± 0.015

2004 Oct 06 3284.8938 15.499 ± 0.019

2004 Oct 06 3284.8947 15.439 ± 0.015
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2004 Oct 06 3284.8956 15.436 ± 0.015

2004 Oct 06 3284.8965 15.428 ± 0.015

2004 Oct 06 3284.8974 15.443 ± 0.015

2004 Oct 06 3284.8983 15.439 ± 0.015

2004 Oct 06 3284.8992 15.439 ± 0.016

2004 Oct 06 3284.9000 15.450 ± 0.015

2004 Oct 06 3284.9009 15.444 ± 0.016

2004 Oct 06 3284.9018 15.442 ± 0.015

2004 Oct 06 3284.9027 15.439 ± 0.015

2004 Oct 06 3284.9036 15.454 ± 0.015

2004 Oct 06 3284.9045 15.461 ± 0.015

2004 Oct 06 3284.9054 15.457 ± 0.016

2004 Oct 07 3285.5965 15.653 ± 0.015

2004 Oct 07 3285.5973 15.651 ± 0.015

2004 Oct 07 3285.5982 15.648 ± 0.015

2004 Oct 07 3285.5991 15.655 ± 0.015

2004 Oct 07 3285.6000 15.655 ± 0.015

2004 Oct 07 3285.6009 15.652 ± 0.015

2004 Oct 07 3285.6018 15.655 ± 0.015

2004 Oct 07 3285.6026 15.656 ± 0.015

2004 Oct 07 3285.6035 15.658 ± 0.015

2004 Oct 07 3285.6044 15.652 ± 0.015

2004 Oct 07 3285.6053 15.656 ± 0.015

2004 Oct 07 3285.6062 15.653 ± 0.015

2004 Oct 07 3285.6071 15.661 ± 0.015

2004 Oct 07 3285.6080 15.654 ± 0.015

2004 Oct 07 3285.6089 15.655 ± 0.015

2004 Oct 07 3285.6098 15.653 ± 0.015

2004 Oct 07 3285.6107 15.653 ± 0.015

2004 Oct 07 3285.6115 15.655 ± 0.015

2004 Oct 07 3285.6124 15.653 ± 0.015

2004 Oct 07 3285.6133 15.656 ± 0.015
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2004 Oct 07 3285.6143 15.651 ± 0.015

2004 Oct 07 3285.6151 15.653 ± 0.015

2004 Oct 07 3285.6160 15.661 ± 0.015

2004 Oct 07 3285.6169 15.650 ± 0.015

2004 Oct 07 3285.6178 15.659 ± 0.015

2004 Oct 07 3285.6187 15.657 ± 0.016

2004 Oct 07 3285.6196 15.655 ± 0.015

2004 Oct 07 3285.6205 15.661 ± 0.015

2004 Oct 07 3285.6214 15.655 ± 0.015

2004 Oct 07 3285.6223 15.659 ± 0.015

2004 Oct 07 3285.6231 15.655 ± 0.015

2004 Oct 07 3285.6240 15.651 ± 0.016

2004 Oct 07 3285.6249 15.653 ± 0.015

2004 Oct 07 3285.6258 15.654 ± 0.016

2004 Oct 07 3285.6267 15.659 ± 0.016

2004 Oct 07 3285.6276 15.659 ± 0.016

2004 Oct 07 3285.6285 15.651 ± 0.016

2004 Oct 07 3285.6294 15.651 ± 0.016

2004 Oct 07 3285.6302 15.650 ± 0.016

2004 Oct 07 3285.6311 15.659 ± 0.016

2004 Oct 07 3285.6322 15.652 ± 0.016

2004 Oct 07 3285.6331 15.655 ± 0.016

2004 Oct 07 3285.6339 15.651 ± 0.016

2004 Oct 07 3285.6348 15.649 ± 0.016

2004 Oct 07 3285.6357 15.645 ± 0.016

2004 Oct 07 3285.6592 15.642 ± 0.016

2004 Oct 07 3285.6601 15.636 ± 0.015

2004 Oct 07 3285.6610 15.641 ± 0.015

2004 Oct 07 3285.6618 15.641 ± 0.016

2004 Oct 07 3285.6627 15.639 ± 0.015

2004 Oct 07 3285.6636 15.644 ± 0.016

2004 Oct 07 3285.6645 15.639 ± 0.016
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2004 Oct 07 3285.6654 15.643 ± 0.016

2004 Oct 07 3285.6663 15.639 ± 0.015

2004 Oct 07 3285.6672 15.637 ± 0.016

2004 Oct 07 3285.6681 15.650 ± 0.016

2004 Oct 07 3285.6689 15.639 ± 0.016

2004 Oct 07 3285.6698 15.640 ± 0.015

2004 Oct 07 3285.6707 15.641 ± 0.016

2004 Oct 07 3285.6716 15.638 ± 0.015

2004 Oct 07 3285.6725 15.641 ± 0.015

2004 Oct 07 3285.6734 15.643 ± 0.016

2004 Oct 07 3285.6743 15.640 ± 0.016

2004 Oct 07 3285.6752 15.642 ± 0.016

2004 Oct 07 3285.6760 15.637 ± 0.015

2004 Oct 07 3285.6770 15.638 ± 0.016

2004 Oct 07 3285.6779 15.643 ± 0.016

2004 Oct 07 3285.6788 15.639 ± 0.016

2004 Oct 07 3285.6797 15.638 ± 0.015

2004 Oct 07 3285.6806 15.638 ± 0.015

2004 Oct 07 3285.6815 15.639 ± 0.015

2004 Oct 07 3285.6824 15.638 ± 0.015

2004 Oct 07 3285.6832 15.639 ± 0.016

2004 Oct 07 3285.6841 15.636 ± 0.015

2004 Oct 07 3285.6850 15.635 ± 0.016

2004 Oct 07 3285.6859 15.634 ± 0.016

2004 Oct 07 3285.6868 15.631 ± 0.015

2004 Oct 07 3285.6877 15.636 ± 0.016

2004 Oct 07 3285.6886 15.638 ± 0.016

2004 Oct 07 3285.6894 15.636 ± 0.016

2004 Oct 07 3285.6903 15.634 ± 0.016

2004 Oct 07 3285.6912 15.631 ± 0.015

2004 Oct 07 3285.6921 15.632 ± 0.015

2004 Oct 07 3285.6930 15.632 ± 0.016
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2004 Oct 07 3285.6939 15.630 ± 0.016

2004 Oct 07 3285.6950 15.630 ± 0.016

2004 Oct 07 3285.6959 15.623 ± 0.015

2004 Oct 07 3285.6968 15.626 ± 0.016

2004 Oct 07 3285.6976 15.622 ± 0.016

2004 Oct 07 3285.6985 15.630 ± 0.015

2004 Oct 07 3285.6994 15.626 ± 0.015

2004 Oct 07 3285.7003 15.619 ± 0.016

2004 Oct 07 3285.7012 15.617 ± 0.016

2004 Oct 07 3285.7021 15.626 ± 0.015

2004 Oct 07 3285.7030 15.614 ± 0.016

2004 Oct 07 3285.7039 15.630 ± 0.016

2004 Oct 07 3285.7048 15.616 ± 0.015

2004 Oct 07 3285.7056 15.619 ± 0.016

2004 Oct 07 3285.7065 15.620 ± 0.016

2004 Oct 07 3285.7074 15.616 ± 0.016

2004 Oct 07 3285.7083 15.621 ± 0.016

2004 Oct 07 3285.7092 15.614 ± 0.015

2004 Oct 07 3285.7101 15.622 ± 0.015

2004 Oct 07 3285.7110 15.612 ± 0.015

2004 Oct 07 3285.7193 15.612 ± 0.016

2004 Oct 07 3285.7201 15.613 ± 0.016

2004 Oct 07 3285.7210 15.611 ± 0.016

2004 Oct 07 3285.7219 15.606 ± 0.016

2004 Oct 07 3285.7228 15.611 ± 0.016

2004 Oct 07 3285.7237 15.605 ± 0.015

2004 Oct 07 3285.7246 15.615 ± 0.015

2004 Oct 07 3285.7254 15.605 ± 0.016

2004 Oct 07 3285.7263 15.606 ± 0.016

2004 Oct 07 3285.7272 15.607 ± 0.016

2004 Oct 07 3285.7281 15.605 ± 0.016

2004 Oct 07 3285.7290 15.608 ± 0.015
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2004 Oct 07 3285.7299 15.602 ± 0.015

2004 Oct 07 3285.7308 15.610 ± 0.015

2004 Oct 07 3285.7316 15.608 ± 0.016

2004 Oct 07 3285.7325 15.607 ± 0.016

2004 Oct 07 3285.7334 15.604 ± 0.016

2004 Oct 07 3285.7343 15.606 ± 0.016

2004 Oct 07 3285.7352 15.608 ± 0.015

2004 Oct 07 3285.7361 15.609 ± 0.016

2004 Oct 07 3285.7371 15.609 ± 0.015

2004 Oct 07 3285.7380 15.609 ± 0.015

2004 Oct 07 3285.7389 15.603 ± 0.015

2004 Oct 07 3285.7398 15.610 ± 0.016

2004 Oct 07 3285.7407 15.608 ± 0.015

2004 Oct 07 3285.7416 15.607 ± 0.016

2004 Oct 07 3285.7424 15.601 ± 0.015

2004 Oct 07 3285.7433 15.599 ± 0.015

2004 Oct 07 3285.7442 15.598 ± 0.015

2004 Oct 07 3285.7451 15.601 ± 0.015

2004 Oct 07 3285.7460 15.604 ± 0.016

2004 Oct 07 3285.7469 15.601 ± 0.015

2004 Oct 07 3285.7478 15.595 ± 0.015

2004 Oct 07 3285.7487 15.601 ± 0.016

2004 Oct 07 3285.7495 15.610 ± 0.016

2004 Oct 07 3285.7504 15.598 ± 0.015

2004 Oct 07 3285.7513 15.600 ± 0.015

2004 Oct 07 3285.7522 15.601 ± 0.015

2004 Oct 07 3285.7531 15.595 ± 0.015

2004 Oct 07 3285.7540 15.598 ± 0.015

2004 Oct 07 3285.7567 15.597 ± 0.015

2004 Oct 07 3285.7576 15.602 ± 0.015

2004 Oct 07 3285.7584 15.598 ± 0.015

2004 Oct 07 3285.7593 15.595 ± 0.015

Continued on next page ...



249

Table C.1: Continued from previous page ...
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2004 Oct 07 3285.7602 15.596 ± 0.015

2004 Oct 07 3285.7666 15.597 ± 0.015

2004 Oct 07 3285.7675 15.602 ± 0.015

2004 Oct 07 3285.7684 15.602 ± 0.015

2004 Oct 07 3285.7693 15.611 ± 0.015

2004 Oct 07 3285.7702 15.604 ± 0.015

2004 Oct 07 3285.7710 15.602 ± 0.015

2004 Oct 07 3285.7719 15.609 ± 0.015

2004 Oct 07 3285.7728 15.603 ± 0.015

2004 Oct 07 3285.7737 15.605 ± 0.016

2004 Oct 07 3285.7746 15.599 ± 0.015

2004 Oct 07 3285.7755 15.603 ± 0.015

2004 Oct 07 3285.7763 15.602 ± 0.015

2004 Oct 07 3285.7772 15.601 ± 0.015

2004 Oct 07 3285.7781 15.599 ± 0.015

2004 Oct 07 3285.7790 15.593 ± 0.015

2004 Oct 07 3285.7799 15.602 ± 0.015

2004 Oct 07 3285.7808 15.598 ± 0.015

2004 Oct 07 3285.7817 15.601 ± 0.016

2004 Oct 07 3285.7826 15.600 ± 0.015

2004 Oct 07 3285.7835 15.597 ± 0.015

2004 Oct 07 3285.7873 15.593 ± 0.015

2004 Oct 07 3285.7881 15.586 ± 0.015

2004 Oct 07 3285.7890 15.589 ± 0.016

2004 Oct 07 3285.7899 15.598 ± 0.015

2004 Oct 07 3285.7908 15.587 ± 0.015

2004 Oct 07 3285.7917 15.594 ± 0.015

2004 Oct 07 3285.7926 15.588 ± 0.015

2004 Oct 07 3285.7935 15.591 ± 0.015

2004 Oct 07 3285.7944 15.595 ± 0.016

2004 Oct 07 3285.7952 15.599 ± 0.015

2004 Oct 07 3285.7961 15.586 ± 0.015
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2004 Oct 07 3285.7970 15.589 ± 0.015

2004 Oct 07 3285.7979 15.595 ± 0.015

2004 Oct 07 3285.7988 15.588 ± 0.015

2004 Oct 07 3285.7997 15.595 ± 0.016

2004 Oct 07 3285.8006 15.591 ± 0.015

2004 Oct 07 3285.8015 15.589 ± 0.015

2004 Oct 07 3285.8024 15.591 ± 0.015

2004 Oct 07 3285.8032 15.588 ± 0.015

2004 Oct 07 3285.8041 15.581 ± 0.015

2004 Oct 07 3285.8052 15.586 ± 0.015

2004 Oct 07 3285.8060 15.579 ± 0.015

2004 Oct 07 3285.8069 15.593 ± 0.015

2004 Oct 07 3285.8078 15.584 ± 0.015

2004 Oct 07 3285.8087 15.584 ± 0.016

2004 Oct 07 3285.8145 15.585 ± 0.015

2004 Oct 07 3285.8154 15.589 ± 0.015

2004 Oct 07 3285.8163 15.590 ± 0.015

2004 Oct 07 3285.8171 15.578 ± 0.015

2004 Oct 07 3285.8180 15.582 ± 0.015

2004 Oct 07 3285.8189 15.585 ± 0.015

2004 Oct 07 3285.8198 15.579 ± 0.015

2004 Oct 07 3285.8207 15.580 ± 0.016

2004 Oct 07 3285.8216 15.581 ± 0.015

2004 Oct 07 3285.8225 15.583 ± 0.015

2004 Oct 07 3285.8234 15.589 ± 0.015

2004 Oct 07 3285.8243 15.581 ± 0.015

2004 Oct 07 3285.8251 15.578 ± 0.015

2004 Oct 07 3285.8260 15.582 ± 0.016

2004 Oct 07 3285.8269 15.578 ± 0.015

2004 Oct 07 3285.8278 15.588 ± 0.015

2004 Oct 07 3285.8287 15.580 ± 0.015

2004 Oct 07 3285.8296 15.575 ± 0.015
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2004 Oct 07 3285.8305 15.586 ± 0.015

2004 Oct 07 3285.8314 15.580 ± 0.015

2004 Oct 07 3285.8327 15.582 ± 0.015

2004 Oct 07 3285.8335 15.584 ± 0.015

2004 Oct 07 3285.8344 15.580 ± 0.015

2004 Oct 07 3285.8353 15.578 ± 0.016

2004 Oct 07 3285.8362 15.586 ± 0.015

2004 Oct 07 3285.8371 15.582 ± 0.015

2004 Oct 07 3285.8380 15.584 ± 0.015

2004 Oct 07 3285.8388 15.576 ± 0.015

2004 Oct 07 3285.8397 15.583 ± 0.015

2004 Oct 07 3285.8406 15.582 ± 0.015

2004 Oct 07 3285.8415 15.579 ± 0.015

2004 Oct 07 3285.8424 15.573 ± 0.015

2004 Oct 07 3285.8433 15.581 ± 0.015

2004 Oct 07 3285.8442 15.585 ± 0.015

2004 Oct 07 3285.8451 15.557 ± 0.015

2004 Oct 07 3285.8459 15.575 ± 0.015

2004 Oct 07 3285.8468 15.569 ± 0.015

2004 Oct 07 3285.8477 15.569 ± 0.015

2004 Oct 07 3285.8486 15.568 ± 0.015

2004 Oct 07 3285.8495 15.573 ± 0.015

2004 Oct 07 3285.8507 15.568 ± 0.015

2004 Oct 07 3285.8516 15.567 ± 0.015

2004 Oct 07 3285.8525 15.581 ± 0.015

2004 Oct 07 3285.8534 15.576 ± 0.015

2004 Oct 07 3285.8543 15.582 ± 0.016

2004 Oct 08 3286.5912 15.567 ± 0.015

2004 Oct 08 3286.5921 15.570 ± 0.015

2004 Oct 08 3286.5930 15.563 ± 0.015

2004 Oct 08 3286.5939 15.562 ± 0.015

2004 Oct 08 3286.5948 15.564 ± 0.016
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UT Date JD−2,450,000 Apparent Mag

2004 Oct 08 3286.5957 15.563 ± 0.015

2004 Oct 08 3286.5965 15.561 ± 0.016

2004 Oct 08 3286.5974 15.559 ± 0.016

2004 Oct 08 3286.5983 15.565 ± 0.015

2004 Oct 08 3286.5992 15.567 ± 0.016

2004 Oct 08 3286.6001 15.563 ± 0.015

2004 Oct 08 3286.6010 15.565 ± 0.016

2004 Oct 08 3286.6019 15.567 ± 0.015

2004 Oct 08 3286.6027 15.565 ± 0.015

2004 Oct 08 3286.6036 15.564 ± 0.015

2004 Oct 08 3286.6045 15.562 ± 0.015

2004 Oct 08 3286.6054 15.564 ± 0.015

2004 Oct 08 3286.6063 15.567 ± 0.015

2004 Oct 08 3286.6072 15.555 ± 0.015

2004 Oct 08 3286.6081 15.563 ± 0.015

2004 Oct 08 3286.6091 15.562 ± 0.015

2004 Oct 08 3286.6099 15.565 ± 0.015

2004 Oct 08 3286.6108 15.563 ± 0.015

2004 Oct 08 3286.6117 15.565 ± 0.015

2004 Oct 08 3286.6126 15.568 ± 0.015

2004 Oct 08 3286.6135 15.572 ± 0.015

2004 Oct 08 3286.6143 15.571 ± 0.015

2004 Oct 08 3286.6152 15.568 ± 0.015

2004 Oct 08 3286.6161 15.566 ± 0.015

2004 Oct 08 3286.6170 15.567 ± 0.015

2004 Oct 08 3286.6179 15.566 ± 0.015

2004 Oct 08 3286.6187 15.571 ± 0.015

2004 Oct 08 3286.6196 15.569 ± 0.015

2004 Oct 08 3286.6205 15.570 ± 0.015

2004 Oct 08 3286.6214 15.572 ± 0.015

2004 Oct 08 3286.6223 15.568 ± 0.015

2004 Oct 08 3286.6232 15.566 ± 0.015
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UT Date JD−2,450,000 Apparent Mag

2004 Oct 08 3286.6240 15.565 ± 0.015

2004 Oct 08 3286.6249 15.572 ± 0.015

2004 Oct 08 3286.6258 15.560 ± 0.015

2004 Oct 08 3286.6633 15.544 ± 0.016

2004 Oct 08 3286.6641 15.536 ± 0.016

2004 Oct 08 3286.6650 15.538 ± 0.016

2004 Oct 08 3286.6659 15.540 ± 0.016

2004 Oct 08 3286.6668 15.538 ± 0.015

2004 Oct 08 3286.6677 15.536 ± 0.016

2004 Oct 08 3286.6686 15.537 ± 0.016

2004 Oct 08 3286.6694 15.540 ± 0.016

2004 Oct 08 3286.6703 15.534 ± 0.016

2004 Oct 08 3286.6712 15.534 ± 0.016

2004 Oct 08 3286.6721 15.538 ± 0.016

2004 Oct 08 3286.6730 15.538 ± 0.016

2004 Oct 08 3286.6738 15.541 ± 0.016

2004 Oct 08 3286.6747 15.548 ± 0.016

2004 Oct 08 3286.6756 15.532 ± 0.016

2004 Oct 08 3286.6765 15.544 ± 0.016

2004 Oct 08 3286.6774 15.539 ± 0.016

2004 Oct 08 3286.6783 15.537 ± 0.016

2004 Oct 08 3286.6792 15.534 ± 0.015

2004 Oct 08 3286.6801 15.529 ± 0.015

2004 Oct 08 3286.6810 15.537 ± 0.016

2004 Oct 08 3286.6819 15.537 ± 0.016

2004 Oct 08 3286.6828 15.539 ± 0.015

2004 Oct 08 3286.6837 15.542 ± 0.016

2004 Oct 08 3286.6846 15.537 ± 0.016

2004 Oct 08 3286.6855 15.537 ± 0.016

2004 Oct 08 3286.6863 15.538 ± 0.016

2004 Oct 08 3286.6872 15.539 ± 0.016

2004 Oct 08 3286.6881 15.536 ± 0.016
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UT Date JD−2,450,000 Apparent Mag

2004 Oct 08 3286.6890 15.540 ± 0.016

2004 Oct 08 3286.6899 15.537 ± 0.016

2004 Oct 08 3286.6908 15.544 ± 0.016

2004 Oct 08 3286.6916 15.540 ± 0.016

2004 Oct 08 3286.6925 15.535 ± 0.015

2004 Oct 08 3286.6934 15.530 ± 0.016

2004 Oct 08 3286.6943 15.537 ± 0.016

2004 Oct 08 3286.6952 15.530 ± 0.016

2004 Oct 08 3286.6960 15.533 ± 0.016

2004 Oct 08 3286.6969 15.527 ± 0.016

2004 Oct 08 3286.6978 15.534 ± 0.016

2004 Oct 08 3286.6991 15.525 ± 0.016

2004 Oct 08 3286.6999 15.529 ± 0.016

2004 Oct 08 3286.7008 15.526 ± 0.016

2004 Oct 08 3286.7017 15.533 ± 0.016

2004 Oct 08 3286.7026 15.523 ± 0.016

2004 Oct 08 3286.7096 15.532 ± 0.016

2004 Oct 08 3286.7105 15.523 ± 0.016

2004 Oct 08 3286.7113 15.528 ± 0.015

2004 Oct 08 3286.7122 15.533 ± 0.015

2004 Oct 08 3286.7131 15.522 ± 0.016

2004 Oct 08 3286.7140 15.525 ± 0.015

2004 Oct 08 3286.7149 15.523 ± 0.016

2004 Oct 08 3286.7157 15.520 ± 0.015

2004 Oct 08 3286.7166 15.523 ± 0.015

2004 Oct 08 3286.7175 15.516 ± 0.015

2004 Oct 08 3286.7184 15.521 ± 0.015

2004 Oct 08 3286.7193 15.519 ± 0.015

2004 Oct 08 3286.7202 15.519 ± 0.015

2004 Oct 08 3286.7210 15.525 ± 0.016

2004 Oct 08 3286.7219 15.524 ± 0.016

2004 Oct 08 3286.7228 15.523 ± 0.015
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UT Date JD−2,450,000 Apparent Mag

2004 Oct 08 3286.7237 15.517 ± 0.015

2004 Oct 08 3286.7246 15.517 ± 0.015

2004 Oct 08 3286.7255 15.521 ± 0.015

2004 Oct 08 3286.7264 15.521 ± 0.015

2004 Oct 08 3286.7274 15.514 ± 0.015

2004 Oct 08 3286.7283 15.514 ± 0.015

2004 Oct 08 3286.7292 15.521 ± 0.016

2004 Oct 08 3286.7301 15.521 ± 0.015

2004 Oct 08 3286.7310 15.523 ± 0.016

2004 Oct 08 3286.7318 15.527 ± 0.016

2004 Oct 08 3286.7327 15.525 ± 0.016

2004 Oct 08 3286.7336 15.533 ± 0.015

2004 Oct 08 3286.7345 15.528 ± 0.016

2004 Oct 08 3286.7354 15.528 ± 0.015

2004 Oct 08 3286.7363 15.532 ± 0.016

2004 Oct 08 3286.7371 15.527 ± 0.015

2004 Oct 08 3286.7380 15.538 ± 0.019

2004 Oct 08 3286.7389 15.519 ± 0.015

2004 Oct 08 3286.7398 15.518 ± 0.015

2004 Oct 08 3286.7407 15.523 ± 0.015

2004 Oct 08 3286.7415 15.526 ± 0.015

2004 Oct 08 3286.7424 15.533 ± 0.015

2004 Oct 08 3286.7433 15.536 ± 0.016

2004 Oct 08 3286.7442 15.526 ± 0.015

2004 Oct 08 3286.7453 15.524 ± 0.015

2004 Oct 08 3286.7462 15.529 ± 0.015

2004 Oct 08 3286.7470 15.536 ± 0.016

2004 Oct 08 3286.7479 15.528 ± 0.015

2004 Oct 08 3286.7488 15.536 ± 0.016

2004 Oct 08 3286.7548 15.534 ± 0.016

2004 Oct 08 3286.7557 15.527 ± 0.015

2004 Oct 08 3286.7566 15.531 ± 0.016
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UT Date JD−2,450,000 Apparent Mag

2004 Oct 08 3286.7575 15.534 ± 0.016

2004 Oct 08 3286.7584 15.525 ± 0.016

2004 Oct 08 3286.7593 15.517 ± 0.016

2004 Oct 08 3286.7601 15.519 ± 0.016

2004 Oct 08 3286.7610 15.509 ± 0.015

2004 Oct 08 3286.7619 15.516 ± 0.016

2004 Oct 08 3286.7628 15.517 ± 0.016

2004 Oct 08 3286.7637 15.518 ± 0.015

2004 Oct 08 3286.7646 15.519 ± 0.015

2004 Oct 08 3286.7654 15.517 ± 0.015

2004 Oct 08 3286.7663 15.523 ± 0.016

2004 Oct 08 3286.7672 15.510 ± 0.015

2004 Oct 08 3286.7681 15.514 ± 0.015

2004 Oct 08 3286.7690 15.511 ± 0.016

2004 Oct 08 3286.7699 15.521 ± 0.015

2004 Oct 08 3286.7708 15.522 ± 0.016

2004 Oct 08 3286.7716 15.516 ± 0.015

2004 Oct 08 3286.7726 15.520 ± 0.016

2004 Oct 08 3286.7735 15.515 ± 0.015

2004 Oct 08 3286.7744 15.515 ± 0.015

2004 Oct 08 3286.7753 15.518 ± 0.015

2004 Oct 08 3286.7762 15.517 ± 0.015

2004 Oct 08 3286.7771 15.511 ± 0.015

2004 Oct 08 3286.7779 15.516 ± 0.015

2004 Oct 08 3286.7788 15.519 ± 0.015

2004 Oct 08 3286.7797 15.514 ± 0.015

2004 Oct 08 3286.7806 15.517 ± 0.015

2004 Oct 08 3286.7815 15.519 ± 0.015

2004 Oct 08 3286.7824 15.521 ± 0.015

2004 Oct 08 3286.7832 15.515 ± 0.015

2004 Oct 08 3286.7841 15.521 ± 0.015

2004 Oct 08 3286.7850 15.511 ± 0.015
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UT Date JD−2,450,000 Apparent Mag

2004 Oct 08 3286.7859 15.517 ± 0.016

2004 Oct 08 3286.7868 15.511 ± 0.015

2004 Oct 08 3286.7877 15.517 ± 0.015

2004 Oct 08 3286.7886 15.515 ± 0.015

2004 Oct 08 3286.7895 15.514 ± 0.015

2004 Oct 08 3286.7905 15.516 ± 0.015

2004 Oct 08 3286.7914 15.520 ± 0.015

2004 Oct 08 3286.7923 15.519 ± 0.015

2004 Oct 08 3286.7932 15.518 ± 0.015

2004 Oct 08 3286.7941 15.520 ± 0.015

2004 Oct 08 3286.8020 15.512 ± 0.015

2004 Oct 08 3286.8029 15.520 ± 0.015

2004 Oct 08 3286.8038 15.515 ± 0.015

2004 Oct 08 3286.8047 15.524 ± 0.015

2004 Oct 08 3286.8056 15.517 ± 0.015

2004 Oct 08 3286.8065 15.513 ± 0.015

2004 Oct 08 3286.8073 15.520 ± 0.015

2004 Oct 08 3286.8082 15.516 ± 0.015

2004 Oct 08 3286.8091 15.515 ± 0.015

2004 Oct 08 3286.8100 15.523 ± 0.016

2004 Oct 08 3286.8109 15.524 ± 0.015

2004 Oct 08 3286.8118 15.521 ± 0.015

2004 Oct 08 3286.8126 15.520 ± 0.016

2004 Oct 08 3286.8135 15.521 ± 0.015

2004 Oct 08 3286.8144 15.521 ± 0.015

2004 Oct 08 3286.8153 15.527 ± 0.015

2004 Oct 08 3286.8162 15.528 ± 0.015

2004 Oct 08 3286.8171 15.525 ± 0.015

2004 Oct 08 3286.8180 15.518 ± 0.015

2004 Oct 08 3286.8188 15.525 ± 0.015

2004 Oct 08 3286.8199 15.522 ± 0.015

2004 Oct 08 3286.8208 15.530 ± 0.015
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UT Date JD−2,450,000 Apparent Mag

2004 Oct 08 3286.8217 15.527 ± 0.015

2004 Oct 08 3286.8226 15.517 ± 0.015

2004 Oct 08 3286.8235 15.519 ± 0.015

2004 Oct 08 3286.8243 15.524 ± 0.016

2004 Oct 08 3286.8252 15.527 ± 0.015

2004 Oct 08 3286.8261 15.526 ± 0.015

2004 Oct 08 3286.8270 15.527 ± 0.015

2004 Oct 08 3286.8279 15.530 ± 0.015

2004 Oct 08 3286.8288 15.525 ± 0.015

2004 Oct 08 3286.8297 15.534 ± 0.015

2004 Oct 08 3286.8305 15.524 ± 0.015

2004 Oct 08 3286.8314 15.533 ± 0.015

2004 Oct 08 3286.8323 15.531 ± 0.015

2004 Oct 08 3286.8332 15.532 ± 0.015

2004 Oct 08 3286.8341 15.525 ± 0.015

2004 Oct 08 3286.8349 15.532 ± 0.015

2004 Oct 08 3286.8358 15.532 ± 0.015

2004 Oct 08 3286.8367 15.532 ± 0.015

2004 Oct 08 3286.8378 15.572 ± 0.015

2004 Oct 08 3286.8387 15.534 ± 0.015

2004 Oct 08 3286.8396 15.534 ± 0.015

2004 Oct 08 3286.8404 15.537 ± 0.015

2004 Oct 08 3286.8413 15.542 ± 0.015

2004 Oct 08 3286.8461 15.533 ± 0.015

2004 Oct 08 3286.8470 15.524 ± 0.015

2004 Oct 08 3286.8479 15.525 ± 0.015

2004 Oct 08 3286.8487 15.524 ± 0.015

2004 Oct 08 3286.8496 15.530 ± 0.015

2004 Oct 08 3286.8505 15.527 ± 0.015

2004 Oct 08 3286.8514 15.528 ± 0.015

2004 Oct 08 3286.8523 15.531 ± 0.015

2004 Oct 08 3286.8532 15.522 ± 0.015
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UT Date JD−2,450,000 Apparent Mag

2004 Oct 08 3286.8541 15.519 ± 0.015

2004 Oct 08 3286.8549 15.514 ± 0.015

2004 Oct 08 3286.8558 15.517 ± 0.015

2004 Oct 08 3286.8567 15.517 ± 0.015

2004 Oct 08 3286.8576 15.517 ± 0.015

2004 Oct 08 3286.8585 15.500 ± 0.015

2004 Oct 08 3286.8594 15.515 ± 0.015

2004 Oct 08 3286.8602 15.507 ± 0.015

2004 Oct 08 3286.8611 15.511 ± 0.015

2004 Oct 08 3286.8620 15.511 ± 0.015

2004 Oct 08 3286.8629 15.515 ± 0.016

2004 Oct 09 3287.5994 15.644 ± 0.015

2004 Oct 09 3287.6003 15.648 ± 0.015

2004 Oct 09 3287.6012 15.645 ± 0.015

2004 Oct 09 3287.6021 15.648 ± 0.016

2004 Oct 09 3287.6030 15.641 ± 0.016

2004 Oct 09 3287.6038 15.649 ± 0.015

2004 Oct 09 3287.6047 15.639 ± 0.016

2004 Oct 09 3287.6056 15.649 ± 0.016

2004 Oct 09 3287.6065 15.643 ± 0.015

2004 Oct 09 3287.6074 15.648 ± 0.015

2004 Oct 09 3287.6083 15.646 ± 0.015

2004 Oct 09 3287.6092 15.642 ± 0.015

2004 Oct 09 3287.6101 15.642 ± 0.015

2004 Oct 09 3287.6110 15.647 ± 0.015

2004 Oct 09 3287.6118 15.648 ± 0.015

2004 Oct 09 3287.6127 15.644 ± 0.015

2004 Oct 09 3287.6136 15.648 ± 0.015

2004 Oct 09 3287.6145 15.645 ± 0.015

2004 Oct 09 3287.6154 15.652 ± 0.015

2004 Oct 09 3287.6163 15.643 ± 0.015

2004 Oct 09 3287.6173 15.647 ± 0.015
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UT Date JD−2,450,000 Apparent Mag

2004 Oct 09 3287.6181 15.650 ± 0.015

2004 Oct 09 3287.6190 15.646 ± 0.016

2004 Oct 09 3287.6199 15.644 ± 0.015

2004 Oct 09 3287.6208 15.647 ± 0.015

2004 Oct 09 3287.6217 15.656 ± 0.015

2004 Oct 09 3287.6226 15.654 ± 0.015

2004 Oct 09 3287.6235 15.655 ± 0.015

2004 Oct 09 3287.6244 15.648 ± 0.015

2004 Oct 09 3287.6252 15.655 ± 0.015

2004 Oct 09 3287.6261 15.654 ± 0.015

2004 Oct 09 3287.6270 15.646 ± 0.015

2004 Oct 09 3287.6279 15.652 ± 0.015

2004 Oct 09 3287.6288 15.657 ± 0.015

2004 Oct 09 3287.6297 15.649 ± 0.016

2004 Oct 09 3287.6306 15.655 ± 0.015

2004 Oct 09 3287.6315 15.656 ± 0.015

2004 Oct 09 3287.6323 15.648 ± 0.015

2004 Oct 09 3287.6332 15.656 ± 0.015

2004 Oct 09 3287.6341 15.654 ± 0.015

2004 Oct 09 3287.6588 15.667 ± 0.015

2004 Oct 09 3287.6602 15.665 ± 0.016

2004 Oct 09 3287.6611 15.664 ± 0.015

2004 Oct 09 3287.6620 15.666 ± 0.016

2004 Oct 09 3287.6629 15.666 ± 0.015

2004 Oct 09 3287.6638 15.667 ± 0.015

2004 Oct 09 3287.6647 15.662 ± 0.015

2004 Oct 09 3287.6656 15.671 ± 0.015

2004 Oct 09 3287.6664 15.662 ± 0.016

2004 Oct 09 3287.6673 15.666 ± 0.016

2004 Oct 09 3287.6682 15.666 ± 0.015

2004 Oct 09 3287.6691 15.674 ± 0.015

2004 Oct 09 3287.6700 15.666 ± 0.015
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2004 Oct 09 3287.6709 15.671 ± 0.016

2004 Oct 09 3287.6717 15.672 ± 0.015

2004 Oct 09 3287.6726 15.674 ± 0.015

2004 Oct 09 3287.6735 15.669 ± 0.015

2004 Oct 09 3287.6744 15.664 ± 0.015

2004 Oct 09 3287.6753 15.673 ± 0.015

2004 Oct 09 3287.6762 15.666 ± 0.016

2004 Oct 09 3287.6773 15.670 ± 0.016

2004 Oct 09 3287.6782 15.664 ± 0.015

2004 Oct 09 3287.6790 15.667 ± 0.015

2004 Oct 09 3287.6799 15.669 ± 0.015

2004 Oct 09 3287.6808 15.672 ± 0.015

2004 Oct 09 3287.6817 15.673 ± 0.016

2004 Oct 09 3287.6826 15.673 ± 0.015

2004 Oct 09 3287.6835 15.673 ± 0.015

2004 Oct 09 3287.6843 15.675 ± 0.015

2004 Oct 09 3287.6852 15.674 ± 0.015

2004 Oct 09 3287.6861 15.672 ± 0.016

2004 Oct 09 3287.6870 15.677 ± 0.015

2004 Oct 09 3287.6879 15.675 ± 0.015

2004 Oct 09 3287.6888 15.677 ± 0.016

2004 Oct 09 3287.6897 15.678 ± 0.015

2004 Oct 09 3287.6906 15.669 ± 0.016

2004 Oct 09 3287.6914 15.672 ± 0.015

2004 Oct 09 3287.6923 15.677 ± 0.016

2004 Oct 09 3287.6932 15.669 ± 0.016

2004 Oct 09 3287.6941 15.675 ± 0.016

2004 Oct 09 3287.6953 15.669 ± 0.016

2004 Oct 09 3287.6962 15.669 ± 0.015

2004 Oct 09 3287.6971 15.673 ± 0.015

2004 Oct 09 3287.6979 15.670 ± 0.015

2004 Oct 09 3287.6988 15.672 ± 0.015
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2004 Oct 09 3287.7055 15.666 ± 0.016

2004 Oct 09 3287.7064 15.662 ± 0.015

2004 Oct 09 3287.7073 15.667 ± 0.015

2004 Oct 09 3287.7082 15.662 ± 0.015

2004 Oct 09 3287.7091 15.669 ± 0.016

2004 Oct 09 3287.7100 15.659 ± 0.015

2004 Oct 09 3287.7109 15.659 ± 0.016

2004 Oct 09 3287.7117 15.662 ± 0.015

2004 Oct 09 3287.7126 15.661 ± 0.016

2004 Oct 09 3287.7135 15.659 ± 0.016

2004 Oct 09 3287.7144 15.668 ± 0.015

2004 Oct 09 3287.7153 15.664 ± 0.015

2004 Oct 09 3287.7162 15.664 ± 0.016

2004 Oct 09 3287.7171 15.661 ± 0.015

2004 Oct 09 3287.7180 15.668 ± 0.015

2004 Oct 09 3287.7188 15.663 ± 0.015

2004 Oct 09 3287.7198 15.658 ± 0.015

2004 Oct 09 3287.7206 15.658 ± 0.016

2004 Oct 09 3287.7215 15.665 ± 0.016

2004 Oct 09 3287.7224 15.654 ± 0.016

2004 Oct 09 3287.7234 15.661 ± 0.016

2004 Oct 09 3287.7242 15.660 ± 0.015

2004 Oct 09 3287.7251 15.649 ± 0.015

2004 Oct 09 3287.7260 15.661 ± 0.015

2004 Oct 09 3287.7269 15.662 ± 0.015

2004 Oct 09 3287.7278 15.662 ± 0.015

2004 Oct 09 3287.7287 15.657 ± 0.016

2004 Oct 09 3287.7296 15.661 ± 0.016

2004 Oct 09 3287.7304 15.655 ± 0.015

2004 Oct 09 3287.7313 15.649 ± 0.016

2004 Oct 09 3287.7322 15.662 ± 0.015

2004 Oct 09 3287.7331 15.659 ± 0.016
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UT Date JD−2,450,000 Apparent Mag

2004 Oct 09 3287.7340 15.664 ± 0.015

2004 Oct 09 3287.7349 15.657 ± 0.015

2004 Oct 09 3287.7357 15.658 ± 0.016

2004 Oct 09 3287.7366 15.664 ± 0.015

2004 Oct 09 3287.7375 15.661 ± 0.015

2004 Oct 09 3287.7384 15.654 ± 0.015

2004 Oct 09 3287.7393 15.658 ± 0.015

2004 Oct 09 3287.7402 15.661 ± 0.015

2004 Oct 09 3287.7439 15.659 ± 0.015

2004 Oct 09 3287.7448 15.659 ± 0.015

2004 Oct 09 3287.7457 15.658 ± 0.015

2004 Oct 09 3287.7466 15.656 ± 0.015

2004 Oct 09 3287.7475 15.650 ± 0.015

2004 Oct 09 3287.7547 15.661 ± 0.015

2004 Oct 09 3287.7556 15.655 ± 0.015

2004 Oct 09 3287.7565 15.655 ± 0.015

2004 Oct 09 3287.7573 15.656 ± 0.016

2004 Oct 09 3287.7582 15.649 ± 0.015

2004 Oct 09 3287.7591 15.652 ± 0.015

2004 Oct 09 3287.7600 15.655 ± 0.016

2004 Oct 09 3287.7609 15.659 ± 0.015

2004 Oct 09 3287.7618 15.655 ± 0.015

2004 Oct 09 3287.7627 15.650 ± 0.015

2004 Oct 09 3287.7636 15.651 ± 0.015

2004 Oct 09 3287.7644 15.654 ± 0.015

2004 Oct 09 3287.7653 15.645 ± 0.015

2004 Oct 09 3287.7662 15.649 ± 0.015

2004 Oct 09 3287.7671 15.656 ± 0.016

2004 Oct 09 3287.7680 15.652 ± 0.015

2004 Oct 09 3287.7689 15.645 ± 0.015

2004 Oct 09 3287.7698 15.658 ± 0.016

2004 Oct 09 3287.7707 15.651 ± 0.015
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2004 Oct 09 3287.7716 15.654 ± 0.015

2004 Oct 09 3287.7726 15.655 ± 0.015

2004 Oct 09 3287.7735 15.659 ± 0.016

2004 Oct 09 3287.7744 15.663 ± 0.016

2004 Oct 09 3287.7753 15.657 ± 0.016

2004 Oct 09 3287.7762 15.657 ± 0.016

2004 Oct 09 3287.7771 15.651 ± 0.016

2004 Oct 09 3287.7779 15.657 ± 0.016

2004 Oct 09 3287.7788 15.648 ± 0.015

2004 Oct 09 3287.7797 15.648 ± 0.016

2004 Oct 09 3287.7806 15.652 ± 0.016

2004 Oct 09 3287.7815 15.659 ± 0.016

2004 Oct 09 3287.7824 15.651 ± 0.016

2004 Oct 09 3287.7833 15.658 ± 0.016

2004 Oct 09 3287.7841 15.646 ± 0.015

2004 Oct 09 3287.7850 15.653 ± 0.016

2004 Oct 09 3287.7859 15.652 ± 0.016

2004 Oct 09 3287.7868 15.650 ± 0.016

2004 Oct 09 3287.7877 15.648 ± 0.016

2004 Oct 09 3287.7886 15.649 ± 0.016

2004 Oct 09 3287.7894 15.641 ± 0.016

2004 Oct 09 3287.7905 15.645 ± 0.016

2004 Oct 09 3287.7914 15.647 ± 0.016

2004 Oct 09 3287.7923 15.644 ± 0.016

2004 Oct 09 3287.7932 15.640 ± 0.016

2004 Oct 09 3287.7941 15.648 ± 0.016

2004 Oct 09 3287.7997 15.636 ± 0.015

2004 Oct 09 3287.8006 15.630 ± 0.016

2004 Oct 09 3287.8015 15.636 ± 0.016

2004 Oct 09 3287.8024 15.635 ± 0.015

2004 Oct 09 3287.8032 15.641 ± 0.015

2004 Oct 09 3287.8041 15.634 ± 0.016
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2004 Oct 09 3287.8050 15.631 ± 0.016

2004 Oct 09 3287.8059 15.629 ± 0.015

2004 Oct 09 3287.8068 15.632 ± 0.015

2004 Oct 09 3287.8077 15.638 ± 0.015

2004 Oct 09 3287.8086 15.632 ± 0.015

2004 Oct 09 3287.8095 15.634 ± 0.015

2004 Oct 09 3287.8103 15.634 ± 0.015

2004 Oct 09 3287.8112 15.626 ± 0.015

2004 Oct 09 3287.8121 15.625 ± 0.015

2004 Oct 09 3287.8130 15.633 ± 0.015

2004 Oct 09 3287.8139 15.635 ± 0.015

2004 Oct 09 3287.8148 15.626 ± 0.016

2004 Oct 09 3287.8157 15.632 ± 0.015

2004 Oct 09 3287.8166 15.632 ± 0.015

2004 Oct 09 3287.8176 15.627 ± 0.016

2004 Oct 09 3287.8185 15.630 ± 0.016

2004 Oct 09 3287.8193 15.621 ± 0.016

2004 Oct 09 3287.8202 15.622 ± 0.016

2004 Oct 09 3287.8211 15.622 ± 0.016

2004 Oct 09 3287.8220 15.628 ± 0.016

2004 Oct 09 3287.8229 15.627 ± 0.016

2004 Oct 09 3287.8238 15.629 ± 0.016

2004 Oct 09 3287.8246 15.625 ± 0.016

2004 Oct 09 3287.8255 15.623 ± 0.016

2004 Oct 09 3287.8264 15.625 ± 0.016

2004 Oct 09 3287.8273 15.627 ± 0.016

2004 Oct 09 3287.8282 15.621 ± 0.015

2004 Oct 09 3287.8291 15.632 ± 0.016

2004 Oct 09 3287.8300 15.622 ± 0.015

2004 Oct 09 3287.8309 15.627 ± 0.015

2004 Oct 09 3287.8318 15.625 ± 0.016

2004 Oct 09 3287.8327 15.623 ± 0.015

Continued on next page ...
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Table C.1: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag

2004 Oct 09 3287.8335 15.626 ± 0.015

2004 Oct 09 3287.8344 15.620 ± 0.016

2004 Oct 09 3287.8355 15.625 ± 0.015

2004 Oct 09 3287.8364 15.623 ± 0.015

2004 Oct 09 3287.8373 15.623 ± 0.015

2004 Oct 09 3287.8382 15.630 ± 0.015

2004 Oct 09 3287.8390 15.624 ± 0.015

2004 Oct 09 3287.8437 15.622 ± 0.015

2004 Oct 09 3287.8445 15.619 ± 0.016

2004 Oct 09 3287.8454 15.614 ± 0.015

2004 Oct 09 3287.8463 15.617 ± 0.015

2004 Oct 09 3287.8472 15.627 ± 0.015

2004 Oct 09 3287.8481 15.620 ± 0.015

2004 Oct 09 3287.8490 15.625 ± 0.015

2004 Oct 09 3287.8499 15.633 ± 0.015

2004 Oct 09 3287.8508 15.629 ± 0.014

2004 Oct 09 3287.8516 15.625 ± 0.014

2004 Oct 09 3287.8525 15.614 ± 0.014

2004 Oct 09 3287.8534 15.615 ± 0.014

2004 Oct 09 3287.8543 15.617 ± 0.015

2004 Oct 09 3287.8552 15.617 ± 0.015

2004 Oct 09 3287.8561 15.604 ± 0.015

2004 Oct 09 3287.8570 15.615 ± 0.015

2004 Oct 09 3287.8578 15.611 ± 0.015

2004 Oct 09 3287.8587 15.613 ± 0.015

2004 Oct 09 3287.8596 15.614 ± 0.015

2004 Oct 09 3287.8605 15.618 ± 0.015

2004 Oct 09 3287.8616 15.615 ± 0.015

2004 Oct 09 3287.8625 15.616 ± 0.015

2004 Oct 09 3287.8634 15.609 ± 0.015

2004 Oct 09 3287.8643 15.617 ± 0.015

2004 Oct 09 3287.8652 15.613 ± 0.015
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– D –

2005 CTA 102 Campaign Data

Table D.1: 2005 CTA 102 RXTE Light-Curve Data

UT Date RJD a Count Rate 2−10 keV Flux b

(counts s−1)

2005 Sep 25 3638.790 1.373 ± 0.037 1.492 ± 0.040

2005 Sep 26 3639.569 1.464 ± 0.028 1.591 ± 0.030

2005 Sep 27 3640.617 1.357 ± 0.037 1.475 ± 0.040

3640.956 1.427 ± 0.055 1.551 ± 0.060

2005 Sep 28 3641.664 1.519 ± 0.040 1.651 ± 0.043

3642.006 1.380 ± 0.060 1.500 ± 0.065

2005 Sep 29 3642.652 1.317 ± 0.028 1.432 ± 0.030

3643.055 1.494 ± 0.070 1.624 ± 0.076

3643.497 1.225 ± 0.029 1.332 ± 0.032

2005 Sep 30 3644.479 1.238 ± 0.028 1.346 ± 0.030

2005 Oct 01 3645.020 1.252 ± 0.058 1.361 ± 0.063

2005 Oct 02 3645.535 1.155 ± 0.044 1.255 ± 0.048

3645.935 1.303 ± 0.039 1.416 ± 0.042

3646.329 1.178 ± 0.057 1.280 ± 0.062

2005 Oct 03 3646.848 0.855 ± 0.051 0.929 ± 0.055

2005 Oct 04 3647.829 0.946 ± 0.055 1.028 ± 0.060

3647.896 1.030 ± 0.080 1.120 ± 0.087

3648.430 1.048 ± 0.025 1.139 ± 0.027

2005 Oct 05 3648.949 1.072 ± 0.054 1.165 ± 0.059

3649.412 0.875 ± 0.025 0.951 ± 0.027

2005 Oct 06 3649.932 0.891 ± 0.036 0.969 ± 0.039

2005 Oct 07 3650.645 0.790 ± 0.029 0.859 ± 0.032

3650.913 0.913 ± 0.036 0.992 ± 0.039

2005 Oct 08 3651.561 0.804 ± 0.022 0.874 ± 0.024

3652.287 0.961 ± 0.043 1.045 ± 0.047

Continued on next page ...
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Table D.1: Continued from previous page ...

UT Date RJD a Count Rate 2−10 keV Flux b

(counts s−1)

3652.358 1.111 ± 0.049 1.208 ± 0.053

3652.422 1.048 ± 0.045 1.139 ± 0.049

2005 Oct 10 3653.525 0.955 ± 0.025 1.038 ± 0.027

2005 Oct 11 3654.582 0.889 ± 0.028 0.966 ± 0.030

3655.490 0.870 ± 0.025 0.946 ± 0.027

2005 Oct 13 3656.540 1.024 ± 0.026 1.113 ± 0.028

3657.455 0.837 ± 0.024 0.910 ± 0.026

2005 Oct 14 3657.990 0.903 ± 0.035 0.982 ± 0.038

2005 Oct 15 3658.567 1.000 ± 0.033 1.087 ± 0.036

3659.487 0.996 ± 0.023 1.083 ± 0.025

2006 Feb 02 3769.490 0.960 ± 0.037 1.044 ± 0.040

2006 Feb 06 3772.516 0.965 ± 0.041 1.049 ± 0.045

2006 Feb 08 3775.270 1.236 ± 0.048 1.344 ± 0.052

a Equal to JD−2,450,000.
b In units of 10−11 erg cm−2 sec−1.
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Table D.2: 2005 CTA 102 B-band Light-Curve Data

UT Date JD−2,450,000 Apparent Mag Observatory a

2005 Sep 09 3622.666 17.062 ± 0.032 SM

2005 Sep 18 3631.594 17.030 ± 0.025 SM

2005 Sep 21 3634.670 16.818 ± 0.030 SM

2005 Sep 28 3640.690 16.302 ± 0.033 SM

2005 Oct 09 3652.572 16.732 ± 0.022 SM

2005 Oct 10 3653.705 16.770 ± 0.057 LO

3653.706 16.777 ± 0.055 LO

3653.707 16.772 ± 0.053 LO

2005 Oct 11 3654.618 16.887 ± 0.056 LO

3654.619 16.925 ± 0.054 LO

3654.620 16.904 ± 0.053 LO

3654.864 17.001 ± 0.052 LO

3654.865 16.988 ± 0.050 LO

3654.867 16.996 ± 0.053 LO

2005 Oct 25 3668.558 16.918 ± 0.032 SM

2005 Nov 01 3675.567 16.881 ± 0.035 SM

2005 Nov 05 3679.533 17.016 ± 0.031 SM

2005 Nov 15 3689.542 16.925 ± 0.026 SM

2005 Nov 26 3700.561 17.152 ± 0.024 SM

a SM = SMARTS data, LO = Lowell Observatory data.
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Table D.3: 2005 CTA 102 V-band Light-Curve Data

UT Date JD−2,450,000 Apparent Mag Observatory a

2005 Sep 09 3622.670 16.445 ± 0.036 SM

2005 Sep 21 3634.674 16.193 ± 0.030 SM

2005 Sep 28 3640.690 15.652 ± 0.038 SM

2005 Oct 09 3652.576 16.081 ± 0.035 SM

2005 Oct 10 3653.722 16.207 ± 0.013 LO

3653.723 16.212 ± 0.013 LO

3653.724 16.216 ± 0.013 LO

2005 Oct 11 3654.633 16.368 ± 0.016 LO

3654.635 16.336 ± 0.027 LO

3654.636 16.321 ± 0.026 LO

3654.805 16.422 ± 0.014 LO

3654.806 16.418 ± 0.013 LO

3654.807 16.428 ± 0.013 LO

3654.883 16.433 ± 0.013 LO

3654.884 16.439 ± 0.014 LO

3654.885 16.428 ± 0.013 LO

2005 Oct 13 3656.639 16.517 ± 0.015 LO

3656.641 16.425 ± 0.013 LO

3656.642 16.307 ± 0.026 LO

3656.854 16.392 ± 0.012 LO

3656.855 16.404 ± 0.012 LO

3656.856 16.399 ± 0.012 LO

2005 Oct 25 3668.562 16.313 ± 0.035 SM

2005 Nov 01 3675.571 16.276 ± 0.024 SM

2005 Nov 05 3679.537 16.438 ± 0.035 SM

2005 Nov 15 3689.546 16.319 ± 0.027 SM

2005 Nov 26 3700.565 16.539 ± 0.028 SM

2005 Dec 13 3717.520 16.410 ± 0.025 SM

a SM = SMARTS data, LO = Lowell Observatory data.
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Table D.4: 2005 CTA 102 R-band Light-Curve Data

UT Date JD−2,450,000 Apparent Mag Observatory a

2005 May 05 3496.415 16.81 ± 0.35 FB

2005 May 08 3498.703 16.13 ± 0.15 FB

3498.930 16.287 ± 0.020 LO

3498.931 16.299 ± 0.020 LO

2005 May 09 3499.920 15.929 ± 0.021 LO

3499.921 15.922 ± 0.020 LO

3499.923 15.906 ± 0.021 LO

2005 May 11 3501.912 16.203 ± 0.020 LO

3501.913 16.209 ± 0.020 LO

2005 Jun 01 3523.444 15.71 ± 0.20 FB

2005 Jun 08 3529.749 16.68 ± 0.50 FB

2005 Jun 20 3542.437 16.32 ± 0.20 FB

2005 Jun 24 3546.455 17.66 ± 0.50 FB

2005 Jun 26 3547.846 16.894 ± 0.020 LO

3547.847 16.871 ± 0.020 LO

2005 Jun 27 3548.809 16.857 ± 0.020 LO

3548.810 16.848 ± 0.020 LO

2005 Jun 28 3549.822 16.825 ± 0.020 LO

3549.823 16.823 ± 0.020 LO

2005 Jul 20 3571.753 16.36 ± 0.15 FB

2005 Jul 28 3579.788 16.75 ± 0.25 FB

2005 Aug 04 3586.728 16.27 ± 0.15 FB

2005 Aug 06 3588.554 16.57 ± 0.10 FB

2005 Aug 07 3589.650 16.29 ± 0.15 FB

2005 Aug 08 3590.746 16.17 ± 0.10 FB

2005 Aug 17 3599.512 16.10 ± 0.10 FB

2005 Aug 25 3607.547 16.30 ± 0.10 FB

2005 Aug 27 3609.739 16.68 ± 0.15 FB

2005 Sep 02 3615.583 16.64 ± 0.20 FB

2005 Sep 04 3617.736 16.085 ± 0.057 SM

2005 Sep 08 3621.792 16.25 ± 0.15 FB

2005 Sep 09 3622.667 16.062 ± 0.053 SM

Continued on next page ...
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Table D.4: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag Observatory a

2005 Sep 11 3624.714 15.66 ± 0.08 FB

2005 Sep 12 3625.810 15.69 ± 0.07 FB

3625.860 15.863 ± 0.021 LO

3625.860 15.935 ± 0.021 LO

3625.861 15.896 ± 0.039 LO

2005 Sep 13 3626.790 15.902 ± 0.039 LO

3626.791 16.001 ± 0.021 LO

3626.791 16.008 ± 0.026 LO

2005 Sep 14 3627.803 15.974 ± 0.021 LO

3627.803 15.952 ± 0.028 LO

3627.804 15.917 ± 0.021 LO

2005 Sep 18 3631.586 15.938 ± 0.053 SM

2005 Sep 21 3634.672 15.749 ± 0.042 SM

2005 Sep 28 3640.690 15.180 ± 0.059 SM

2005 Oct 01 3644.628 15.646 ± 0.055 SM

2005 Oct 09 3652.573 15.631 ± 0.056 SM

2005 Oct 13 3656.645 15.953 ± 0.020 LO

3656.667 15.956 ± 0.022 LO

3656.668 15.951 ± 0.024 LO

3656.694 15.900 ± 0.021 LO

3656.695 16.134 ± 0.023 LO

2005 Oct 17 3660.592 15.916 ± 0.058 SM

2005 Oct 25 3668.560 15.913 ± 0.066 SM

2005 Nov 01 3675.569 15.847 ± 0.043 SM

2005 Nov 05 3679.534 16.047 ± 0.054 SM

2005 Nov 15 3689.544 15.908 ± 0.043 SM

2005 Nov 26 3700.563 16.160 ± 0.039 SM

2005 Dec 10 3714.629 16.320 ± 0.017 LO

3714.631 16.376 ± 0.027 LO

2005 Dec 11 3715.573 16.153 ± 0.042 LO

3715.575 16.228 ± 0.017 LO

2005 Dec 13 3717.518 15.963 ± 0.048 SM

Continued on next page ...
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Table D.4: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag Observatory a

3717.610 16.113 ± 0.015 LO

3717.612 16.059 ± 0.015 LO

a SM = SMARTS data, LO = Lowell Observatory, FB = Foggy Bottom Observatory.
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Table D.5: 2005 CTA 102 Lowell Observatory R-band Mi-

crovariability Data

UT Date JD−2,450,000 Apparent Mag

2005 Oct 10 3653.6804 15.734 ± 0.015

2005 Oct 10 3653.6812 15.722 ± 0.015

2005 Oct 10 3653.6821 15.727 ± 0.015

2005 Oct 10 3653.7257 15.734 ± 0.015

2005 Oct 10 3653.7266 15.726 ± 0.015

2005 Oct 10 3653.7275 15.734 ± 0.015

2005 Oct 10 3653.7284 15.722 ± 0.015

2005 Oct 10 3653.7293 15.722 ± 0.015

2005 Oct 10 3653.7302 15.726 ± 0.015

2005 Oct 10 3653.7311 15.726 ± 0.015

2005 Oct 10 3653.7320 15.735 ± 0.015

2005 Oct 10 3653.7413 15.736 ± 0.015

2005 Oct 10 3653.7422 15.733 ± 0.015

2005 Oct 10 3653.7431 15.735 ± 0.016

2005 Oct 10 3653.7440 15.740 ± 0.015

2005 Oct 10 3653.7449 15.727 ± 0.015

2005 Oct 10 3653.7458 15.727 ± 0.015

2005 Oct 10 3653.7467 15.725 ± 0.015

2005 Oct 10 3653.7476 15.726 ± 0.015

2005 Oct 10 3653.7572 15.721 ± 0.015

2005 Oct 10 3653.7581 15.726 ± 0.015

2005 Oct 10 3653.7590 15.727 ± 0.015

2005 Oct 10 3653.7599 15.722 ± 0.015

2005 Oct 10 3653.7608 15.725 ± 0.015

2005 Oct 10 3653.7617 15.731 ± 0.015

2005 Oct 10 3653.7626 15.730 ± 0.015

2005 Oct 10 3653.7635 15.731 ± 0.015

2005 Oct 10 3653.7726 15.719 ± 0.015

2005 Oct 10 3653.7735 15.731 ± 0.015

2005 Oct 10 3653.7744 15.735 ± 0.015

Continued on next page ...
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Table D.5: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag

2005 Oct 10 3653.7753 15.727 ± 0.015

2005 Oct 10 3653.7762 15.728 ± 0.015

2005 Oct 10 3653.7771 15.733 ± 0.015

2005 Oct 10 3653.7780 15.741 ± 0.015

2005 Oct 10 3653.7789 15.728 ± 0.015

2005 Oct 10 3653.7886 15.719 ± 0.015

2005 Oct 10 3653.7895 15.727 ± 0.015

2005 Oct 10 3653.7904 15.737 ± 0.015

2005 Oct 10 3653.7913 15.717 ± 0.015

2005 Oct 10 3653.7922 15.720 ± 0.015

2005 Oct 10 3653.7931 15.718 ± 0.015

2005 Oct 10 3653.7940 15.713 ± 0.015

2005 Oct 10 3653.7949 15.717 ± 0.015

2005 Oct 10 3653.8118 15.712 ± 0.015

2005 Oct 10 3653.8127 15.713 ± 0.015

2005 Oct 10 3653.8136 15.715 ± 0.015

2005 Oct 10 3653.8145 15.716 ± 0.015

2005 Oct 10 3653.8154 15.706 ± 0.015

2005 Oct 10 3653.8163 15.714 ± 0.015

2005 Oct 10 3653.8172 15.713 ± 0.015

2005 Oct 10 3653.8181 15.709 ± 0.016

2005 Oct 10 3653.8275 15.703 ± 0.015

2005 Oct 10 3653.8284 15.709 ± 0.015

2005 Oct 10 3653.8293 15.699 ± 0.015

2005 Oct 10 3653.8302 15.703 ± 0.015

2005 Oct 10 3653.8311 15.708 ± 0.015

2005 Oct 10 3653.8320 15.711 ± 0.015

2005 Oct 10 3653.8330 15.712 ± 0.015

2005 Oct 10 3653.8339 15.704 ± 0.015

2005 Oct 10 3653.8434 15.701 ± 0.015

2005 Oct 10 3653.8443 15.700 ± 0.015

2005 Oct 10 3653.8451 15.707 ± 0.015

Continued on next page ...
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Table D.5: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag

2005 Oct 10 3653.8460 15.701 ± 0.015

2005 Oct 10 3653.8470 15.702 ± 0.015

2005 Oct 10 3653.8479 15.704 ± 0.015

2005 Oct 10 3653.8488 15.702 ± 0.015

2005 Oct 10 3653.8497 15.705 ± 0.015

2005 Oct 11 3654.6384 15.859 ± 0.015

2005 Oct 11 3654.6393 15.900 ± 0.015

2005 Oct 11 3654.6411 15.918 ± 0.015

2005 Oct 11 3654.6420 15.919 ± 0.015

2005 Oct 11 3654.6429 15.925 ± 0.015

2005 Oct 11 3654.6438 15.912 ± 0.015

2005 Oct 11 3654.6575 15.905 ± 0.015

2005 Oct 11 3654.6584 15.988 ± 0.015

2005 Oct 11 3654.6593 15.931 ± 0.015

2005 Oct 11 3654.6602 15.922 ± 0.015

2005 Oct 11 3654.6611 15.924 ± 0.015

2005 Oct 11 3654.6620 15.926 ± 0.015

2005 Oct 11 3654.6628 15.921 ± 0.015

2005 Oct 11 3654.6738 15.897 ± 0.023

2005 Oct 11 3654.6746 15.932 ± 0.015

2005 Oct 11 3654.6764 15.938 ± 0.015

2005 Oct 11 3654.6773 15.941 ± 0.015

2005 Oct 11 3654.6782 15.996 ± 0.015

2005 Oct 11 3654.6800 15.947 ± 0.015

2005 Oct 11 3654.6973 15.940 ± 0.015

2005 Oct 11 3654.6982 15.949 ± 0.015

2005 Oct 11 3654.6991 15.947 ± 0.015

2005 Oct 11 3654.7000 15.948 ± 0.015

2005 Oct 11 3654.7009 15.940 ± 0.015

2005 Oct 11 3654.7018 15.933 ± 0.015

2005 Oct 11 3654.7026 15.947 ± 0.015

2005 Oct 11 3654.7035 15.941 ± 0.016

Continued on next page ...
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Table D.5: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag

2005 Oct 11 3654.7135 15.949 ± 0.015

2005 Oct 11 3654.7146 15.946 ± 0.015

2005 Oct 11 3654.7156 15.949 ± 0.015

2005 Oct 11 3654.7167 15.959 ± 0.015

2005 Oct 11 3654.7177 16.011 ± 0.015

2005 Oct 11 3654.7188 15.958 ± 0.015

2005 Oct 11 3654.7199 15.948 ± 0.015

2005 Oct 11 3654.7209 15.948 ± 0.015

2005 Oct 11 3654.7309 15.968 ± 0.015

2005 Oct 11 3654.7327 15.950 ± 0.015

2005 Oct 11 3654.7336 15.955 ± 0.015

2005 Oct 11 3654.7345 16.022 ± 0.015

2005 Oct 11 3654.7354 15.950 ± 0.015

2005 Oct 11 3654.7363 15.968 ± 0.015

2005 Oct 11 3654.7372 15.907 ± 0.026

2005 Oct 11 3654.7468 15.953 ± 0.015

2005 Oct 11 3654.7477 15.958 ± 0.015

2005 Oct 11 3654.7486 15.950 ± 0.015

2005 Oct 11 3654.7495 15.951 ± 0.015

2005 Oct 11 3654.7504 15.955 ± 0.015

2005 Oct 11 3654.7513 15.945 ± 0.015

2005 Oct 11 3654.7522 15.947 ± 0.015

2005 Oct 11 3654.7531 15.938 ± 0.015

2005 Oct 11 3654.7631 15.956 ± 0.015

2005 Oct 11 3654.7640 15.969 ± 0.015

2005 Oct 11 3654.7649 15.954 ± 0.015

2005 Oct 11 3654.7658 15.952 ± 0.015

2005 Oct 11 3654.7667 15.963 ± 0.015

2005 Oct 11 3654.7676 15.979 ± 0.015

2005 Oct 11 3654.7684 15.958 ± 0.015

2005 Oct 11 3654.7693 15.900 ± 0.015

2005 Oct 11 3654.7791 15.964 ± 0.015

Continued on next page ...



279

Table D.5: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag

2005 Oct 11 3654.7800 15.961 ± 0.015

2005 Oct 11 3654.7809 15.876 ± 0.046

2005 Oct 11 3654.7818 15.917 ± 0.026

2005 Oct 11 3654.7835 15.966 ± 0.015

2005 Oct 11 3654.7844 16.049 ± 0.015

2005 Oct 11 3654.7853 15.960 ± 0.015

2005 Oct 11 3654.8221 15.955 ± 0.021

2005 Oct 11 3654.8230 15.973 ± 0.015

2005 Oct 11 3654.8239 15.976 ± 0.014

2005 Oct 11 3654.8248 15.985 ± 0.015

2005 Oct 11 3654.8257 15.966 ± 0.015

2005 Oct 11 3654.8265 15.985 ± 0.015

2005 Oct 11 3654.8274 15.976 ± 0.015

2005 Oct 11 3654.8283 15.986 ± 0.015

2005 Oct 11 3654.8388 15.987 ± 0.014

2005 Oct 11 3654.8396 15.988 ± 0.015

2005 Oct 11 3654.8405 15.974 ± 0.015

2005 Oct 11 3654.8414 15.973 ± 0.015

2005 Oct 11 3654.8423 15.978 ± 0.015

2005 Oct 11 3654.8432 15.979 ± 0.015

2005 Oct 11 3654.8441 15.975 ± 0.015

2005 Oct 11 3654.8450 16.000 ± 0.015

2005 Oct 11 3654.8549 15.983 ± 0.015

2005 Oct 11 3654.8558 15.985 ± 0.015

2005 Oct 11 3654.8567 15.982 ± 0.014

2005 Oct 11 3654.8576 15.992 ± 0.015

2005 Oct 11 3654.8585 15.988 ± 0.015

2005 Oct 11 3654.8594 15.991 ± 0.015

2005 Oct 11 3654.8603 15.977 ± 0.015

2005 Oct 11 3654.8611 15.976 ± 0.015
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Table D.6: 2004–2006 CTA 102 UMRAO Radio Light-Curve

Data

UT Date RJD a Flux

(Jy)

14.5 GHz

2004 Jan 01 3006.381 2.87 ± 0.06

2004 Jan 19 3024.308 2.68 ± 0.05

2004 Feb 05 3041.274 2.47 ± 0.09

2004 Feb 08 3044.266 2.59 ± 0.05

2004 Feb 16 3052.244 2.85 ± 0.06

2004 Mar 01 3066.200 2.60 ± 0.08

2004 Mar 15 3080.181 2.57 ± 0.05

2004 Apr 14 3110.076 2.63 ± 0.03

2004 Jun 19 3175.962 2.67 ± 0.04

2004 Jun 20 3176.962 2.73 ± 0.05

2004 Sep 27 3275.654 2.82 ± 0.02

2004 Sep 28 3276.653 2.85 ± 0.03

2004 Oct 13 3291.607 2.97 ± 0.04

2004 Oct 14 3292.578 3.02 ± 0.11

2004 Oct 19 3297.616 2.96 ± 0.10

2004 Oct 20 3298.569 2.57 ± 0.13

2004 Oct 21 3299.614 2.95 ± 0.04

2004 Nov 05 3314.553 2.22 ± 0.06

2004 Nov 06 3315.547 2.94 ± 0.07

2004 Nov 07 3316.552 2.85 ± 0.02

2004 Nov 17 3327.483 2.98 ± 0.02

2004 Nov 20 3329.505 2.63 ± 0.14

2004 Nov 21 3330.510 3.20 ± 0.07

2004 Dec 01 3341.476 2.99 ± 0.05

2004 Dec 02 3342.470 2.84 ± 0.06

2004 Dec 05 3345.456 3.01 ± 0.05

2004 Dec 15 3355.414 3.18 ± 0.06

2004 Dec 16 3356.449 3.20 ± 0.06

2004 Dec 21 3361.447 2.89 ± 0.11

Continued on next page ...
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Table D.6: Continued from previous page ...

UT Date RJD a Flux

(Jy)

2004 Dec 22 3362.383 3.27 ± 0.08

2004 Dec 31 3371.369 4.17 ± 0.15

2005 Jan 01 3372.405 3.28 ± 0.05

2005 Jan 02 3373.387 3.07 ± 0.04

2005 Jan 15 3386.324 3.20 ± 0.06

2005 Jan 16 3387.354 2.77 ± 0.06

2005 Jan 27 3398.290 3.42 ± 0.07

2005 Jan 28 3399.333 3.02 ± 0.11

2005 Jan 29 3400.283 3.37 ± 0.04

2005 Feb 09 3411.295 3.31 ± 0.06

2005 Feb 12 3414.308 3.28 ± 0.05

2005 Feb 13 3415.252 3.27 ± 0.07

2005 Feb 19 3421.263 3.61 ± 0.11

2005 Feb 20 3422.221 3.52 ± 0.12

2005 Mar 14 3444.202 3.69 ± 0.05

2005 Mar 27 3457.173 3.84 ± 0.04

2005 Apr 02 3463.153 3.80 ± 0.07

2005 Apr 12 3473.121 3.90 ± 0.10

2005 Apr 14 3475.113 3.94 ± 0.07

2005 Apr 29 3490.123 4.00 ± 0.05

2005 May 16 3507.020 3.93 ± 0.08

2005 May 22 3512.986 3.86 ± 0.10

2005 May 31 3522.004 4.06 ± 0.08

2005 Jun 09 3530.941 3.97 ± 0.10

2005 Jun 13 3534.914 3.92 ± 0.10

2005 Jun 30 3551.866 4.03 ± 0.12

2005 Jul 20 3571.830 3.89 ± 0.06

2005 Jul 26 3577.814 4.09 ± 0.05

2005 Aug 18 3600.765 3.70 ± 0.08

2005 Aug 30 3612.727 3.65 ± 0.05

2005 Sep 10 3623.675 3.68 ± 0.05

Continued on next page ...
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Table D.6: Continued from previous page ...

UT Date RJD a Flux

(Jy)

2005 Sep 12 3625.690 3.66 ± 0.07

2005 Sep 24 3637.684 3.77 ± 0.07

2005 Oct 02 3645.652 3.78 ± 0.07

2005 Oct 04 3647.662 3.83 ± 0.10

2005 Oct 09 3652.675 3.87 ± 0.02

2005 Oct 12 3655.582 3.90 ± 0.04

2005 Oct 20 3663.602 4.03 ± 0.03

2005 Oct 21 3664.594 4.04 ± 0.05

2005 Oct 22 2665.549 4.03 ± 0.07

2005 Oct 23 3666.575 3.98 ± 0.03

2005 Oct 24 3667.548 4.01 ± 0.03

2005 Oct 25 3668.571 4.09 ± 0.08

2005 Oct 26 3669.556 4.07 ± 0.03

2005 Oct 27 3670.573 4.12 ± 0.02

2005 Oct 28 3671.543 4.02 ± 0.05

2005 Oct 30 3673.535 4.21 ± 0.05

2005 Oct 31 3674.555 4.29 ± 0.04

2005 Nov 01 3675.535 4.05 ± 0.11

2005 Nov 02 3676.547 4.20 ± 0.03

2005 Nov 13 3687.546 4.55 ± 0.07

2005 Nov 15 3689.540 4.55 ± 0.07

2005 Nov 19 3693.528 4.74 ± 0.09

2005 Dec 11 3715.544 5.29 ± 0.07

2006 Jan 03 3739.416 5.98 ± 0.07

2006 Jan 04 3740.403 5.94 ± 0.12

2006 Jan 23 3759.350 5.82 ± 0.10

2006 Jan 28 3764.228 6.27 ± 0.06

2006 Jan 30 3766.224 6.32 ± 0.15

8.0 GHz

2004 Jan 02 3007.455 4.29 ± 0.13

2004 Jan 06 3011.459 3.16 ± 0.08

Continued on next page ...
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Table D.6: Continued from previous page ...

UT Date RJD a Flux

(Jy)

2004 Jan 07 3012.451 3.80 ± 0.05

2004 Feb 01 3037.378 3.78 ± 0.08

2004 Feb 26 3062.233 3.51 ± 0.04

2004 Feb 27 3063.286 3.29 ± 0.06

2004 Mar 09 3074.246 3.52 ± 0.05

2004 Mar 10 3075.235 3.54 ± 0.04

2004 May 24 3150.025 3.55 ± 0.14

2004 Jun 07 3163.992 3.60 ± 0.09

2004 Jun 27 3183.960 3.79 ± 0.08

2004 Aug 11 3228.837 3.37 ± 0.04

2004 Aug 12 3229.811 3.42 ± 0.04

2004 Sep 02 3250.768 3.38 ± 0.04

2004 Sep 15 3263.746 3.45 ± 0.03

2004 Sep 16 3264.727 3.44 ± 0.03

2004 Oct 04 3282.703 3.44 ± 0.03

2004 Oct 25 3303.630 2.97 ± 0.14

2004 Nov 10 3319.583 3.42 ± 0.03

2004 Nov 11 3320.532 3.46 ± 0.03

2004 Nov 24 3333.583 3.37 ± 0.03

2004 Nov 26 3335.562 3.45 ± 0.03

2004 Dec 12 3351.508 3.45 ± 0.03

2004 Dec 15 3354.501 3.51 ± 0.03

2005 Jan 14 3385.400 4.00 ± 0.08

2005 Jan 24 3395.376 3.59 ± 0.03

2005 Feb 15 3417.322 3.43 ± 0.03

2005 Mar 04 3434.317 3.78 ± 0.03

2005 Mar 05 3435.287 3.60 ± 0.09

2005 May 12 3503.059 3.99 ± 0.05

2005 May 27 3518.084 4.10 ± 0.10

2005 Aug 06 3588.864 4.42 ± 0.03

2005 Aug 23 3605.819 4.36 ± 0.03

Continued on next page ...
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Table D.6: Continued from previous page ...

UT Date RJD a Flux

(Jy)

2005 Aug 24 3606.779 4.03 ± 0.03

2005 Sep 04 3617.766 4.20 ± 0.06

2005 Sep 25 3638.710 4.41 ± 0.04

2005 Sep 27 3640.632 4.22 ± 0.14

2005 Oct 08 3651.717 4.28 ± 0.08

2005 Nov 12 3686.588 4.34 ± 0.04

2005 Dec 06 3710.530 5.03 ± 0.07

2005 Dec 21 3726.490 4.96 ± 0.05

2006 Jan 19 3755.407 4.96 ± 0.05

4.8 GHz

2004 Apr 22 3118.176 4.19 ± 0.08

2004 Sep 19 3267.693 4.17 ± 0.08

2004 Oct 10 3288.652 4.22 ± 0.07

2004 Oct 30 3308.575 4.15 ± 0.03

2004 Nov 02 3311.541 4.18 ± 0.07

2004 Nov 26 3336.467 3.92 ± 0.16

2004 Nov 27 3337.465 4.24 ± 0.06

2004 Dec 20 3360.433 4.22 ± 0.05

2005 Jan 06 3377.379 4.29 ± 0.05

2005 Jan 10 3381.382 4.67 ± 0.03

2005 Feb 04 3406.243 4.20 ± 0.06

2005 May 14 3505.062 4.41 ± 0.10

2005 May 20 3511.067 4.43 ± 0.11

2005 Jun 07 3528.999 4.38 ± 0.05

2005 Jun 27 3548.942 4.64 ± 0.05

2005 Jul 14 3565.913 4.59 ± 0.10

2005 Aug 08 3590.814 4.75 ± 0.10

2005 Aug 26 3608.779 4.41 ± 0.08

2005 Aug 27 3609.776 4.75 ± 0.19

2005 Sep 20 3633.712 4.78 ± 0.08

2005 Oct 13 3656.629 4.78 ± 0.02

Continued on next page ...
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Table D.6: Continued from previous page ...

UT Date RJD a Flux

(Jy)

2005 Nov 06 3680.569 4.83 ± 0.11

2005 Nov 08 3682.571 4.84 ± 0.08

2005 Dec 01 3706.472 4.66 ± 0.02

2005 Dec 19 3724.413 4.60 ± 0.04

2005 Dec 20 3725.406 4.79 ± 0.03

2006 Jan 12 3748.356 4.84 ± 0.02

2006 Feb 01 3768.190 4.91 ± 0.05

a Equal to JD−2,450,000.
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– E –

2006 PKS 1622–297 Campaign Data

Table E.1: 2006 PKS 1622–297 RXTE Light-Curve Data

UT Date RJD a Count Rate 2−10 keV Flux b

(counts s−1)

2006 May 31 3886.547 1.090 ± 0.027 1.185 ± 0.029

3887.448 1.233 ± 0.030 1.340 ± 0.033

2006 Jun 27 3914.418 1.461 ± 0.062 1.588 ± 0.067

2006 Jun 28 3914.835 1.886 ± 0.041 2.050 ± 0.045

3915.334 1.777 ± 0.056 1.932 ± 0.061

2006 Jun 30 3916.989 1.497 ± 0.029 1.627 ± 0.032

2006 Jul 01 3917.590 1.531 ± 0.041 1.664 ± 0.045

3918.166 1.599 ± 0.059 1.738 ± 0.064

2006 Jul 02 3918.706 1.438 ± 0.056 1.563 ± 0.061

3919.290 1.802 ± 0.051 1.959 ± 0.055

2006 Jul 03 3919.860 1.754 ± 0.057 1.907 ± 0.062

3920.332 1.564 ± 0.033 1.700 ± 0.036

2006 Jul 04 3921.185 1.434 ± 0.043 1.559 ± 0.047

2006 Jul 05 3921.827 1.258 ± 0.030 1.367 ± 0.033

3922.233 1.241 ± 0.046 1.349 ± 0.050

2006 Jul 06 3923.029 1.345 ± 0.050 1.462 ± 0.054

2006 Jul 07 3924.125 1.261 ± 0.039 1.371 ± 0.042

2006 Jul 08 3924.647 1.176 ± 0.052 1.278 ± 0.057

3925.104 1.244 ± 0.029 1.352 ± 0.032

2006 Jul 09 3925.704 1.456 ± 0.044 1.583 ± 0.048

3926.156 1.181 ± 0.042 1.284 ± 0.046

2006 Jul 11 3928.050 1.298 ± 0.035 1.411 ± 0.038

2006 Jul 12 3929.033 1.253 ± 0.042 1.362 ± 0.046

2006 Jul 13 3929.510 1.207 ± 0.038 1.312 ± 0.041

3930.080 1.205 ± 0.046 1.310 ± 0.050

Continued on next page ...
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Table E.1: Continued from previous page ...

UT Date RJD a Count Rate 2−10 keV Flux b

(counts s−1)

2006 Jul 14 3930.996 1.115 ± 0.042 1.212 ± 0.046

2006 Jul 15 3931.661 1.098 ± 0.026 1.194 ± 0.028

3932.109 1.160 ± 0.032 1.261 ± 0.035

2006 Jul 16 3932.893 1.015 ± 0.042 1.103 ± 0.046

3933.158 0.940 ± 0.034 1.022 ± 0.037

2006 Jul 17 3933.814 1.077 ± 0.031 1.171 ± 0.034

3934.139 0.979 ± 0.033 1.064 ± 0.036

3934.401 0.970 ± 0.042 1.054 ± 0.046

2006 Jul 18 3935.121 1.018 ± 0.037 1.107 ± 0.040

2006 Jul 19 3935.598 1.004 ± 0.031 1.091 ± 0.034

3936.103 0.869 ± 0.036 0.945 ± 0.039

2006 Jul 20 3936.512 1.044 ± 0.028 1.135 ± 0.030

3937.018 0.912 ± 0.042 0.991 ± 0.046

2006 Jul 21 3937.611 0.939 ± 0.032 1.021 ± 0.035

3938.198 0.968 ± 0.038 1.052 ± 0.041

2006 Jul 22 3938.657 0.898 ± 0.035 0.976 ± 0.038

3939.116 1.324 ± 0.034 1.439 ± 0.037

2006 Jul 23 3940.233 1.007 ± 0.028 1.095 ± 0.030

a Equal to JD−2,450,000.
b In units of 10−11 erg cm−2 sec−1.



288

Table E.2: 2006 PKS 1622–397 B-band Light-Curve Data

UT Date JD−2,450,000 Apparent Mag Observatory a

2006 Mar 31 3825.803 18.534 ± 0.110 SM

2006 Apr 04 3829.739 18.567 ± 0.112 SM

2006 Apr 08 3833.767 18.503 ± 0.110 SM

2006 Apr 13 3838.752 18.578 ± 0.113 SM

2006 Apr 20 3845.741 18.531 ± 0.114 SM

2006 Apr 24 3849.689 18.489 ± 0.111 SM

2006 Apr 27 3852.774 18.243 ± 0.111 SM

2006 Apr 30 3855.781 18.283 ± 0.112 SM

2006 May 10 3865.681 18.146 ± 0.113 SM

2006 May 18 3873.678 18.057 ± 0.109 SM

2006 May 25 3880.643 17.647 ± 0.109 SM

2006 May 27 3882.690 17.333 ± 0.111 SM

2006 May 31 3886.614 17.235 ± 0.111 SM

2006 Jun 05 3891.679 17.735 ± 0.113 SM

2006 Jun 08 3894.545 18.064 ± 0.109 SM

2006 Jun 14 3900.640 17.715 ± 0.116 SM

2006 Jun 15 3901.614 17.746 ± 0.109 SM

2006 Jun 18 3904.738 17.991 ± 0.108 SM

2006 Jun 20 3906.675 17.714 ± 0.111 SM

2006 Jun 22 3908.570 17.751 ± 0.113 SM

2006 Jun 24 3910.577 17.994 ± 0.120 SM

2006 Jun 28 3914.564 17.856 ± 0.111 SM

2006 Jun 29 3915.621 17.909 ± 0.107 SM

3915.639 17.713 ± 0.100 P2

2006 Jun 30 3916.610 17.842 ± 0.113 SM

2006 Jul 01 3917.607 17.886 ± 0.109 SM

2006 Jul 02 3918.638 17.851 ± 0.112 SM

2006 Jul 03 3919.579 17.596 ± 0.111 SM

2006 Jul 04 3920.536 17.261 ± 0.111 P2

3920.585 17.402 ± 0.109 SM

2006 Jul 05 3921.651 17.182 ± 0.114 SM

3921.749 17.342 ± 0.422 P2

Continued on next page ...
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Table E.2: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag Observatory a

2006 Jul 06 3922.585 17.927 ± 0.107 SM

2006 Jul 14 3930.562 18.300 ± 0.111 SM

2006 Jul 15 3931.583 18.076 ± 0.101 P2

3931.647 18.314 ± 0.109 SM

2006 Jul 16 3932.576 18.325 ± 0.114 SM

2006 Jul 17 3933.566 18.271 ± 0.112 SM

2006 Jul 18 3934.537 18.331 ± 0.112 SM

2006 Jul 19 3935.550 18.295 ± 0.111 SM

2006 Jul 29 3936.497 18.317 ± 0.115 SM

2006 Jul 21 3937.581 18.381 ± 0.110 SM

2006 Jul 25 3941.588 18.078 ± 0.109 SM

2006 Jul 31 3947.551 18.028 ± 0.113 SM

2006 Aug 03 3950.559 17.858 ± 0.113 SM

2006 Aug 08 3951.892 17.049 ± 0.105 SM

2006 Aug 10 3958.490 17.531 ± 0.113 SM

a SM = SMARTS data, P2 = PROMPT2 data.
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Table E.3: 2006 PKS 1622–297 V-band Light-Curve Data

UT Date JD−2,450,000 Apparent Mag Observatory a

2006 Mar 31 3825.806 18.002 ± 0.077 SM

2006 Apr 04 3829.742 18.097 ± 0.072 SM

2006 Apr 08 3833.770 17.932 ± 0.084 SM

2006 Apr 13 3838.755 17.952 ± 0.078 SM

2006 Apr 20 3845.744 17.946 ± 0.083 SM

2006 Apr 24 3849.692 17.917 ± 0.083 SM

2006 Apr 27 3852.777 17.704 ± 0.052 SM

2006 Apr 30 3855.784 17.717 ± 0.108 SM

2006 May 10 3865.684 17.523 ± 0.102 SM

2006 May 13 3868.640 17.324 ± 0.075 SM

2006 May 18 3873.681 17.419 ± 0.174 SM

2006 May 25 3880.646 17.031 ± 0.083 SM

2006 May 27 3882.693 16.771 ± 0.079 SM

2006 May 31 3886.617 16.601 ± 0.081 SM

2006 Jun 05 3891.682 17.138 ± 0.035 SM

2006 Jun 08 3894.548 17.404 ± 0.085 SM

2006 Jun 14 3900.643 16.857 ± 0.090 SM

2006 Jun 15 3901.617 16.949 ± 0.038 SM

2006 Jun 18 3904.740 17.330 ± 0.068 SM

2006 Jun 20 3906.678 16.989 ± 0.102 SM

2006 Jun 22 3908.573 16.991 ± 0.084 SM

2006 Jun 24 3910.580 17.317 ± 0.088 SM

2006 Jun 28 3914.567 17.274 ± 0.094 SM

2006 Jun 29 3915.624 17.268 ± 0.064 SM

3915.738 17.215 ± 0.077 P4

2006 Jun 30 3916.578 17.232 ± 0.092 P4

3916.613 17.150 ± 0.097 SM

2006 Jul 01 3917.610 17.212 ± 0.072 SM

3917.581 17.201 ± 0.086 P4

2006 Jul 02 3918.641 17.187 ± 0.036 SM

2006 Jul 03 3919.582 16.914 ± 0.070 SM

2006 Jul 04 3920.588 16.658 ± 0.090 SM

Continued on next page ...
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Table E.3: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag Observatory a

3920.760 16.747 ± 0.050 P4

2006 Jul 05 3921.654 16.470 ± 0.073 SM

3921.679 16.598 ± 0.074 P4

2006 Jul 06 3922.588 17.292 ± 0.066 SM

2006 Jul 09 3925.696 17.482 ± 0.061 P4

2006 Jul 14 3930.565 17.777 ± 0.032 SM

2006 Jul 15 3931.643 17.597 ± 0.078 P4

3931.650 17.627 ± 0.087 SM

2006 Jul 16 3932.579 17.738 ± 0.035 SM

3932.575 17.795 ± 0.048 P4

2006 Jul 17 3933.569 17.701 ± 0.081 SM

3933.661 17.763 ± 0.070 P4

2006 Jul 18 3934.540 17.750 ± 0.050 SM

3934.696 17.682 ± 0.050 P4

2006 Jul 19 3935.553 17.764 ± 0.080 SM

2006 Jul 20 3936.500 17.791 ± 0.036 SM

3936.582 17.812 ± 0.050 P4

2006 Jul 21 3937.583 17.798 ± 0.083 SM

3937.636 17.885 ± 0.076 P4

2006 Jul 25 3941.590 17.485 ± 0.088 SM

2006 Jul 31 3947.553 17.330 ± 0.084 SM

2006 Aug 03 3950.561 17.213 ± 0.047 SM

2006 Aug 08 3951.891 16.323 ± 0.099 SM

2006 Aug 10 3958.492 16.872 ± 0.062 SM

a SM = SMARTS data, P4 = Prompt4 data.
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Table E.4: 2006 PKS 1622–297 R-band Light-Curve Data

UT Date JD−2,450,000 Apparent Mag Observatory a

2006 Mar 31 3825.808 17.835 ± 0.051 SM

2006 Apr 04 3829.744 17.254 ± 0.047 SM

2006 Apr 08 3833.772 17.540 ± 0.047 SM

2006 Apr 13 3838.757 17.540 ± 0.074 SM

2006 Apr 20 3845.746 17.495 ± 0.053 SM

2006 Apr 24 3849.694 17.485 ± 0.056 SM

2006 Apr 27 3852.779 17.241 ± 0.034 SM

2006 Apr 30 3855.786 17.218 ± 0.072 SM

2006 May 10 3865.686 16.983 ± 0.071 SM

2006 May 13 3868.642 16.924 ± 0.129 SM

2006 May 18 3873.683 17.056 ± 0.046 SM

2006 May 25 3880.648 16.420 ± 0.061 SM

2006 May 27 3882.696 16.153 ± 0.051 SM

2006 May 31 3886.620 15.976 ± 0.047 SM

2006 Jun 05 3891.684 16.463 ± 0.035 SM

2006 Jun 08 3894.550 16.692 ± 0.063 SM

2006 Jun 14 3900.645 16.414 ± 0.055 SM

2006 Jun 15 3901.619 16.576 ± 0.033 SM

2006 Jun 18 3904.743 16.730 ± 0.042 SM

2006 Jun 20 3906.680 16.380 ± 0.068 SM

2006 Jun 22 3908.575 16.407 ± 0.057 SM

2006 Jun 24 3910.582 16.624 ± 0.063 SM

2006 Jun 28 3914.569 16.673 ± 0.066 SM

2006 Jun 29 3915.626 16.628 ± 0.040 SM

3915.743 16.685 ± 0.054 P4

2006 Jun 30 3916.615 16.371 ± 0.330 SM

3916.754 16.572 ± 0.050 P4

2006 Jul 01 3917.581 16.529 ± 0.057 P4

3917.612 16.589 ± 0.049 SM

2006 Jul 02 3918.643 16.555 ± 0.030 SM

2006 Jul 03 3919.584 16.285 ± 0.044 SM

3919.941 16.351 ± 0.054 P4

Continued on next page ...
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Table E.4: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag Observatory a

2006 Jul 04 3920.590 15.994 ± 0.066 SM

3920.748 16.037 ± 0.049 P4

2006 Jul 05 3921.656 15.808 ± 0.052 SM

2006 Jul 06 3922.590 16.619 ± 0.044 SM

2006 Jul 09 3925.671 16.796 ± 0.059 P4

2006 Jul 14 3930.551 16.269 ± 0.054 P4

3930.567 17.134 ± 0.062 SM

2006 Jul 15 3931.597 17.169 ± 0.053 P4

3931.652 17.058 ± 0.361 SM

2006 Jul 16 3932.581 17.271 ± 0.040 SM

3933.086 17.270 ± 0.054 P4

2006 Jul 17 3933.571 17.223 ± 0.055 SM

3934.141 17.258 ± 0.043 P4

2006 Jul 18 3934.542 17.237 ± 0.041 SM

3935.253 17.305 ± 0.060 P4

2006 Jul 19 3935.555 17.312 ± 0.050 SM

3935.835 17.286 ± 0.054 P4

2006 Jul 20 3936.502 17.306 ± 0.035 SM

3936.993 17.298 ± 0.053 P4

2006 Jul 21 3937.586 17.306 ± 0.054 SM

3938.089 17.359 ± 0.050 P4

2006 Jul 22 3938.638 17.111 ± 0.166 SM

2006 Jul 25 3941.593 16.905 ± 0.063 SM

2006 Jul 31 3947.556 16.818 ± 0.052 SM

2006 Aug 03 3950.564 16.664 ± 0.033 SM

2006 Aug 08 3951.891 15.648 ± 0.072 SM

2006 Aug 10 3958.495 16.224 ± 0.037 SM

a SM = SMARTS data, P4 = PROMPT4 data.
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Table E.5: 2006 PKS 1622–297 R-band Microvariability Data

UT Date JD−2,450,000 Apparent Mag Observatory a

2006 Jun 13 3899.5062 16.447 ± 0.064 CT

2006 Jun 13 3899.5103 16.344 ± 0.072 CT

2006 Jun 13 3899.5140 16.399 ± 0.061 CT

2006 Jun 13 3899.5167 16.357 ± 0.069 CT

2006 Jun 13 3899.5193 16.354 ± 0.074 CT

2006 Jun 13 3899.5218 16.355 ± 0.064 CT

2006 Jun 13 3899.5242 16.398 ± 0.062 CT

2006 Jun 13 3899.5266 16.366 ± 0.062 CT

2006 Jun 13 3899.5290 16.332 ± 0.069 CT

2006 Jun 13 3899.5314 16.356 ± 0.068 CT

2006 Jun 13 3899.5456 16.415 ± 0.064 CT

2006 Jun 13 3899.6080 16.479 ± 0.045 CT

2006 Jun 13 3899.6352 16.506 ± 0.053 CT

2006 Jun 13 3899.6462 16.513 ± 0.056 CT

2006 Jun 13 3899.6526 16.482 ± 0.045 CT

2006 Jun 13 3899.6554 16.448 ± 0.048 CT

2006 Jun 13 3899.6583 16.426 ± 0.051 CT

2006 Jun 13 3899.6617 16.431 ± 0.056 CT

2006 Jun 13 3899.6653 16.429 ± 0.043 CT

2006 Jun 13 3899.6682 16.384 ± 0.059 CT

2006 Jun 13 3899.6727 16.406 ± 0.048 CT

2006 Jun 13 3899.6761 16.405 ± 0.049 CT

2006 Jun 13 3899.6793 16.340 ± 0.058 CT

2006 Jun 13 3899.6828 16.381 ± 0.051 CT

2006 Jun 13 3899.6856 16.389 ± 0.050 CT

2006 Jun 13 3899.6883 16.343 ± 0.056 CT

2006 Jun 13 3899.6913 16.367 ± 0.054 CT

2006 Jun 13 3899.6941 16.370 ± 0.050 CT

2006 Jun 13 3899.6969 16.379 ± 0.052 CT

2006 Jun 13 3899.6996 16.380 ± 0.051 CT

2006 Jun 13 3899.7087 16.378 ± 0.053 CT

2006 Jun 13 3899.7445 16.394 ± 0.044 CT

Continued on next page ...
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Table E.5: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag Observatory a

2006 Jun 13 3899.7474 16.402 ± 0.045 CT

2006 Jun 13 3899.7503 16.405 ± 0.043 CT

2006 Jun 13 3899.7534 16.434 ± 0.051 CT

2006 Jun 13 3899.7563 16.390 ± 0.047 CT

2006 Jun 13 3899.7592 16.420 ± 0.047 CT

2006 Jun 13 3899.7621 16.401 ± 0.039 CT

2006 Jun 13 3899.7647 16.393 ± 0.044 CT

2006 Jun 13 3899.7674 16.344 ± 0.046 CT

2006 Jun 13 3899.7704 16.409 ± 0.047 CT

2006 Jun 13 3899.7734 16.350 ± 0.044 CT

2006 Jun 13 3899.7784 16.345 ± 0.047 CT

2006 Jun 13 3899.7820 16.367 ± 0.046 CT

2006 Jun 13 3899.7846 16.345 ± 0.047 CT

2006 Jun 13 3899.7873 16.351 ± 0.043 CT

2006 Jun 13 3899.7900 16.360 ± 0.039 CT

2006 Jun 13 3899.7926 16.353 ± 0.043 CT

2006 Jun 13 3899.7953 16.339 ± 0.046 CT

2006 Jun 13 3899.8006 16.274 ± 0.052 CT

2006 Jun 13 3899.8034 16.291 ± 0.050 CT

2006 Jun 13 3899.8063 16.285 ± 0.050 CT

2006 Jun 13 3899.8090 16.283 ± 0.050 CT

2006 Jun 13 3899.8117 16.277 ± 0.051 CT

2006 Jun 13 3899.8145 16.245 ± 0.057 CT

2006 Jun 13 3899.8172 16.273 ± 0.051 CT

2006 Jun 13 3899.8211 16.354 ± 0.046 CT

2006 Jun 13 3899.8252 16.419 ± 0.043 CT

2006 Jun 13 3899.8279 16.433 ± 0.036 CT

2006 Jun 13 3899.8308 16.422 ± 0.043 CT

2006 Jun 13 3899.8325 16.420 ± 0.045 CT

2006 Jul 05 3922.4547 15.858 ± 0.037 P4

2006 Jul 05 3922.4587 15.823 ± 0.041 P4

2006 Jul 05 3922.4671 15.806 ± 0.041 P4

Continued on next page ...
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Table E.5: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag Observatory a

2006 Jul 05 3922.4891 15.784 ± 0.043 P4

2006 Jul 05 3922.4932 15.721 ± 0.045 P4

2006 Jul 05 3921.5279 15.824 ± 0.038 P4

2006 Jul 05 3921.5476 15.845 ± 0.042 P4

2006 Jul 05 3921.5803 15.881 ± 0.044 P4

2006 Jul 05 3921.6054 15.904 ± 0.040 P4

2006 Jul 05 3921.6270 15.871 ± 0.043 P4

2006 Jul 05 3921.6455 15.870 ± 0.046 P4

2006 Jul 05 3921.6617 15.901 ± 0.049 P4

2006 Jul 05 3921.6920 15.918 ± 0.048 P4

2006 Jul 05 3921.7111 15.934 ± 0.051 P4

2006 Jul 05 3921.7278 15.943 ± 0.054 P4

2006 Jul 05 3921.7473 15.916 ± 0.053 P4

2006 Jul 05 3921.7660 15.939 ± 0.055 P4

2006 Jul 05 3921.7830 15.992 ± 0.053 P4

2006 Jul 05 3921.8045 15.990 ± 0.058 P4

2006 Jul 05 3921.8216 15.997 ± 0.065 P4

a CT = CTIO data, P4 = PROMPT4 data. All data have been 4-point binned.
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Table E.6: 2006 PKS 1622–297 PROMPT4 I-band Light-

Curve Data

UT Date JD−2,450,000 Apparent Mag

2006 Jun 29 3915.738 15.928 ± 0.035

2006 Jun 30 3916.560 15.731 ± 0.043

2006 Jul 01 3917.564 15.716 ± 0.050

2006 Jul 03 3919.817 15.502 ± 0.058

2006 Jul 04 3920.772 15.241 ± 0.054

2006 Jul 09 3925.733 16.038 ± 0.063

2006 Jul 14 3930.716 16.518 ± 0.050

2006 Jul 15 3931.654 16.564 ± 0.045

2006 Jul 16 3932.695 16.663 ± 0.058

2006 Jul 17 3933.644 16.621 ± 0.037

2006 Jul 18 3934.734 16.593 ± 0.045

2006 Jul 19 3935.737 16.480 ± 0.047

2006 Jul 20 3936.591 16.704 ± 0.064

2006 Jul 21 3937.635 16.770 ± 0.043
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Table E.7: 2006 PKS 1622–297 PROMPT4 I-band Microvari-

ability Data

UT Date JD−2,450,000 Apparent Mag a

2006 Jul 05 3922.4646 14.998 ± 0.056

3922.4686 14.971 ± 0.057

3922.4903 14.970 ± 0.052

3922.0002 14.958 ± 0.058

3921.5106 14.979 ± 0.061

3921.5453 15.048 ± 0.053

3921.5883 15.094 ± 0.046

3921.6238 15.081 ± 0.037

3921.6517 15.085 ± 0.039

3921.6748 15.081 ± 0.036

3921.7053 15.129 ± 0.040

3921.7220 15.144 ± 0.037

3921.7418 15.175 ± 0.036

3921.7610 15.165 ± 0.042

3921.7761 15.219 ± 0.035

3921.8020 15.232 ± 0.035

3921.8244 15.254 ± 0.040

3921.8354 15.210 ± 0.043

a CT = CTIO data, P4 = PROMPT4 data. All data have been 4-point binned.
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Table E.8: 2006 PKS 1622–297 Radio Data

UT Date JD−2450000 Frequency Flux

(GHz) (Jy)

2006 May 29 3884.756 8.0 1.88 ± 0.04

2006 May 31 3886.664 14.5 1.33 ± 0.05

2006 Jun 02 3888.734 14.5 1.17 ± 0.17

2006 Jun 04 3890.697 4.8 1.95 ± 0.04

2006 Jun 07 3893.717 8.0 1.85 ± 0.03

2006 Jun 11 3897.706 8.0 1.92 ± 0.02

2006 Jun 12 3898.743 8.0 2.06 ± 0.02

2006 Jun 18 3904.660 8.0 1.97 ± 0.02

2006 Jun 20 3906.680 14.5 1.39 ± 0.03

2006 Jun 24 3910.593 14.5 1.49 ± 0.03

2006 Jul 01 3917.627 4.8 1.84 ± 0.06

2006 Jul 13 3929.595 8.0 1.86 ± 0.04

2006 Jul 16 3932.572 14.5 1.59 ± 0.02

2006 Jul 29 3945.549 4.8 1.97 ± 0.05

2006 Aug 02 3949.521 14.5 1.54 ± 0.05

2006 Aug 04 3952.497 14.5 1.88 ± 0.09
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– F –

Archival XBL & RBL Data

Table F.1: Archival PKS 2155–304 R-band Data

UT Date JD−2,450,000 Apparent Mag a

2005 Jul 10 3561.849 12.720 ± 0.055

2005 Jul 13 3564.876 12.819 ± 0.032

2005 Jul 18 3569.798 12.766 ± 0.068

2005 Jul 24 3575.760 12.598 ± 0.065

2005 Jul 28 3579.754 12.577 ± 0.035

2005 Aug 01 3583.711 12.716 ± 0.008

2005 Aug 04 3586.782 12.434 ± 0.247

2005 Aug 07 3589.789 12.552 ± 0.038

2005 Aug 10 3592.781 12.498 ± 0.058

2005 Aug 24 3606.694 12.440 ± 0.036

2005 Sep 02 3615.726 12.365 ± 0.035

2005 Sep 07 3620.531 12.478 ± 0.065

2005 Sep 20 3633.650 12.233 ± 0.042

2005 Sep 26 3639.648 12.357 ± 0.072

2005 Sep 30 3643.637 12.350 ± 0.030

2005 Oct 07 3650.614 11.631 ± 0.520

2005 Oct 10 3653.559 12.239 ± 0.049

2005 Oct 17 3660.572 12.427 ± 0.052

2005 Oct 22 3665.581 12.290 ± 0.044

2005 Oct 29 3672.544 12.311 ± 0.034

2005 Nov 07 3681.550 12.302 ± 0.040

2005 Nov 21 3695.521 12.198 ± 0.030

2005 Nov 28 3702.536 12.150 ± 0.037

2005 Dec 14 3718.534 12.316 ± 0.031

2005 Dec 18 3722.534 12.299 ± 0.040

2006 Jul 28 3944.810 12.460 ± 0.020

Continued on next page ...
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Table F.1: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag a

2006 Aug 19 3966.783 12.135 ± 0.040

2006 Aug 22 3969.805 12.227 ± 0.021

2006 Aug 26 3973.708 11.687 ± 0.474

2006 Aug 28 3975.772 12.147 ± 0.040

a All data taken via the SMARTS program.
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Table F.2: 1994 PKS 2155–304 ASCA SIS0 0.5–8 keV Data

a

Date + 1994 May 1 keV Flux Energy Index

(µJy)

19.2 44.9 ± 0.4 1.29 ± 0.02

19.4 58.3 ± 0.5 1.25 ± 0.02

20.7 32.4 ± 0.4 1.80 ± 0.02

a All data taken from Urry et al. (1997).
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Table F.3: 1994 PKS 2155–304 IUE LWP 2800Å Data a

Date + 1994 May Flux

(mJy)

19.01873 17.09 ± 0.34

19.08539 17.10 ± 0.34

19.15266 16.75 ± 0.33

19.21819 16.81 ± 0.33

19.35045 16.78 ± 0.33

19.41771 16.89 ± 0.34

19.48420 16.67 ± 0.33

19.54995 17.36 ± 0.34

19.61765 16.86 ± 0.34

20.55041 20.07 ± 0.37

20.61706 20.62 ± 0.41

20.68032 22.14 ± 0.77

20.74675 20.73 ± 0.83

20.81692 22.24 ± 0.43

a All data taken from Pian et al. (1997), Table 1.
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Table F.4: 1994 PKS 2155–304 Optical BVR Data a

RJD b B-band Flux V-band Flux R-band Flux

(mJy) (mJy) (mJy)

9491.9618 ... 12.97 ± 0.01 ...

9491.9846 ... ... 12.64 ± 0.01

9491.9869 ... 12.96 ± 0.01 ...

9492.9271 13.20 ± 0.01 12.81 ± 0.01 ...

9492.9597 12.82 ± 0.01 ... ...

9492.9817 ... ... 12.47 ± 0.01

a All data taken from Pesce et al. (1997), Table 7.
b Equal to JD−2,440,000.
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Table F.5: 1994 PKS 2155–304 Radio Data a

RJD b 2.378 GHz Flux 4.800 GHz Flux 8.640 GHz Flux

(mJy) (mJy) (mJy)

9492.1972 ... 417.5 ± 30.2 406.2 ± 27.6

9492.1979 406.9 ± 32.8 ... ...

9492.2764 ... 412.6 ± 27.9 399.4 ± 26.9

9492.2778 400.4 ± 31.6 ... ...

9492.5583 ... 422.4 ± 33.4 409.5 ± 34.0

9492.5597 405.2 ± 40.0 ... ...

9493.1368 ... 434.3 ± 30.0 414.5 ± 33.2

9493.1375 417.0 ± 35.2 ... ...

9493.1958 ... 429.3 ± 27.9 415.5 ± 29.2

9493.1965 422.5 ± 32.5 ... ...

9493.2660 ... 426.4 ± 27.8 415.1 ± 28.2

9493.2667 412.2 ± 32.3 ... ...

9493.3708 ... 429.2 ± 26.6 419.7 ± 28.5

9493.3715 404.1 ± 32.0 ... ...

a All data taken from Pesce et al. (1997), Table 3.
b Equal to JD−2,440,000.
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Table F.6: 1991 PKS 2155–304 ROSAT 0.1–2.4 keV Data a

Date + 1991 Nov Count Rate Photon Index

(counts s−1)

12.25775 54.38 ± 0.189 –2.61 ± 0.029

12.39028 52.38 ± 0.185 –2.63 ± 0.028

12.45677 53.13 ± 0.186 –2.61 ± 0.028

12.52685 51.84 ± 0.212 –2.65 ± 0.033

12.59473 52.00 ± 0.213 –2.63 ± 0.031

12.91887 53.34 ± 0.187 –2.68 ± 0.030

12.98785 51.76 ± 0.260 –2.65 ± 0.037

13.05207 50.99 ± 0.211 –2.65 ± 0.032

13.11921 49.85 ± 0.208 –2.67 ± 0.032

13.18825 48.28 ± 0.177 –2.65 ± 0.031

13.25521 48.45 ± 0.178 –2.67 ± 0.032

13.32152 48.47 ± 0.179 –2.65 ± 0.030

13.38785 49.62 ± 0.180 –2.62 ± 0.029

13.45567 50.06 ± 0.181 –2.65 ± 0.030

13.52546 48.88 ± 0.206 –2.67 ± 0.035

13.59375 49.02 ± 0.179 –2.64 ± 0.031

13.77581 46.93 ± 0.351 –2.68 ± 0.064

13.91696 44.40 ± 0.171 –2.66 ± 0.033

13.98264 42.62 ± 0.193 –2.63 ± 0.035

14.05032 42.76 ± 0.201 –2.62 ± 0.035

14.25301 42.49 ± 0.166 –2.63 ± 0.033

14.31898 43.31 ± 0.166 –2.63 ± 0.032

14.38536 43.33 ± 0.168 –2.63 ± 0.031

14.45411 45.05 ± 0.171 –2.65 ± 0.032

14.52483 46.81 ± 0.247 –2.65 ± 0.041

14.59178 47.79 ± 0.205 –2.65 ± 0.036

14.91464 51.04 ± 0.183 –2.64 ± 0.031

14.99009 51.44 ± 0.212 –2.64 ± 0.031

15.11463 52.20 ± 0.213 –2.68 ± 0.031

15.18374 51.31 ± 0.183 –2.68 ± 0.031

15.25046 51.67 ± 0.184 –2.66 ± 0.029

Continued on next page ...
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Table F.6: Continued from previous page ...

Date + 1991 Nov Count Rate Photon Index

(counts s−1)

15.31643 53.40 ± 0.187 –2.66 ± 0.028

15.38293 53.36 ± 0.187 –2.69 ± 0.028

a All data taken from Brinkmann et al. (1994), Tables 1 and 2.
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Table F.7: 1991 PKS 2155–304 Optical BVR Data a

Date + 1991 Nov B-band Flux V-band Flux R-band Flux

(mJy) (mJy) (mJy)

12.04 30.02 ± 1.01 32.59 ± 0.60 37.72 ± 0.35

12.09 25.57 ± 0.43 33.44 ± 0.40 39.45 ± 0.43

12.20 ... 33.20 ± 0.33 ...

12.29 28.93 ± 0.58 32.89 ± 0.66 36.02 ± 0.72

13.00 26.38 ± 0.53 28.91 ± 0.58 32.25 ± 0.65

13.09 ... 31.85 ± 0.46 35.30 ± 0.47

14.00 24.97 ± 2.10 26.61 ± 0.98 31.37 ± 1.16

14.00 26.63 ± 0.53 28.65 ± 0.57 30.51 ± 0.61

14.30 25.91 ± 0.52 30.56 ± 0.61 34.08 ± 0.68

15.00 ... 29.45 ± 0.54 34.40 ± 1.27

15.30 28.93 ± 0.58 31.12 ± 0.62 35.04 ± 0.70

a All data taken from Courvoisier et al. (1995), Table 2.

Table F.8: 1991 PKS 2155–304 UMRAO Data a

Date + 1991 Nov Frequency Flux

(GHz) (mJy)

11.96 14.55 320.0 ± 30.0

17.95 390.0 ± 30.0

12.10 4.86 257.0 ± 0.2

16.10 264.4 ± 0.2

a All data taken from Courvoisier et al. (1995), Table 5.
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Table F.9: Archival CTA 102 Lowell Observatory R-band

Data

UT Date JD−2,450,000 Apparent Mag

1997 May 19 0587.924 16.001 ± 0.077

0587.940 15.958 ± 0.090

1997 May 27 a 0595.900 16.02 ± 0.03

1997 May 28 a 0596.900 16.17 ± 0.05

1997 May 29 a 0597.900 16.11 ± 0.02

2000 Jun 07 1702.864 16.458 ± 0.009

1702.866 16.439 ± 0.018

1702.867 16.499 ± 0.009

1702.869 16.477 ± 0.010

1702.870 16.445 ± 0.009

1702.872 16.422 ± 0.020

1702.873 16.445 ± 0.012

1702.874 16.448 ± 0.013

1702.876 16.473 ± 0.010

1702.877 16.420 ± 0.018

1702.879 16.461 ± 0.009

1702.880 16.458 ± 0.009

1702.882 16.476 ± 0.010

1702.883 16.438 ± 0.009

1702.885 16.489 ± 0.010

1702.886 16.493 ± 0.009

1702.888 16.474 ± 0.010

1702.889 16.494 ± 0.011

1702.891 16.498 ± 0.009

1702.892 16.460 ± 0.011

1702.894 16.511 ± 0.009

1702.895 16.490 ± 0.010

1702.897 16.469 ± 0.009

1702.898 16.468 ± 0.009

1702.900 16.451 ± 0.010

1702.901 16.458 ± 0.009

Continued on next page ...
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Table F.9: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag

1702.902 16.490 ± 0.010

1702.904 16.469 ± 0.016

1702.905 16.483 ± 0.009

1702.907 16.477 ± 0.010

1702.908 16.447 ± 0.014

1702.910 16.454 ± 0.009

1702.911 16.437 ± 0.009

1702.913 16.454 ± 0.009

1702.914 16.469 ± 0.010

1702.916 16.480 ± 0.010

1702.917 16.475 ± 0.010

1702.919 16.505 ± 0.009

1702.920 16.476 ± 0.011

1702.922 16.418 ± 0.011

1702.923 16.481 ± 0.010

1702.925 16.488 ± 0.009

1702.926 16.429 ± 0.012

1702.928 16.402 ± 0.015

1702.929 16.407 ± 0.012

1702.930 16.424 ± 0.009

1702.932 16.397 ± 0.017

1702.933 16.421 ± 0.015

1702.935 16.425 ± 0.010

1702.936 16.427 ± 0.011

1702.938 16.445 ± 0.012

2002 Sep 01 2518.681 15.385 ± 0.009

2518.685 15.390 ± 0.009

2518.688 15.387 ± 0.009

2518.704 15.392 ± 0.009

2518.708 15.393 ± 0.009

2518.711 15.395 ± 0.009

2518.723 15.402 ± 0.009

Continued on next page ...
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Table F.9: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag

2518.726 15.404 ± 0.009

2518.730 15.406 ± 0.009

2518.742 15.408 ± 0.009

2518.746 15.413 ± 0.009

2518.749 15.414 ± 0.009

2518.761 15.414 ± 0.009

2518.765 15.416 ± 0.009

2518.769 15.415 ± 0.009

2518.781 15.419 ± 0.009

2518.784 15.413 ± 0.009

2518.788 15.419 ± 0.009

2518.901 15.442 ± 0.009

2518.904 15.442 ± 0.018

2518.908 15.446 ± 0.009

2518.921 15.443 ± 0.009

2518.924 15.430 ± 0.010

2518.928 15.432 ± 0.011

2518.951 15.439 ± 0.009

2518.954 15.438 ± 0.009

2518.958 15.441 ± 0.012

2002 Sep 02 2519.658 15.329 ± 0.011

2519.709 15.350 ± 0.009

2519.721 15.357 ± 0.010

2519.736 15.360 ± 0.009

2519.740 15.364 ± 0.009

2519.743 15.369 ± 0.009

2519.754 15.377 ± 0.010

2519.758 15.380 ± 0.010

2519.762 15.380 ± 0.009

2519.773 15.388 ± 0.009

2519.777 15.389 ± 0.009

2519.780 15.388 ± 0.009

Continued on next page ...
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Table F.9: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag

2519.793 15.394 ± 0.009

2519.796 15.389 ± 0.009

2519.800 15.390 ± 0.010

2519.813 15.397 ± 0.009

2519.816 15.401 ± 0.009

2519.820 15.402 ± 0.009

2519.831 15.414 ± 0.009

2519.834 15.416 ± 0.009

2519.838 15.411 ± 0.009

2519.852 15.410 ± 0.009

2519.855 15.412 ± 0.009

2519.859 15.411 ± 0.009

2519.869 15.416 ± 0.009

2519.873 15.414 ± 0.009

2519.876 15.418 ± 0.009

2519.933 15.418 ± 0.009

2519.936 15.417 ± 0.009

2519.940 15.419 ± 0.009

2002 Sep 03 2520.724 15.286 ± 0.009

2520.727 15.289 ± 0.009

2520.731 15.288 ± 0.009

2520.782 15.307 ± 0.009

2520.786 15.314 ± 0.009

2520.789 15.313 ± 0.009

2520.805 15.320 ± 0.009

2520.808 15.325 ± 0.009

2520.812 15.323 ± 0.009

2520.823 15.334 ± 0.009

2520.827 15.332 ± 0.009

2520.831 15.334 ± 0.009

2520.843 15.345 ± 0.009

2520.847 15.346 ± 0.009

Continued on next page ...
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Table F.9: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag

2520.857 15.348 ± 0.009

2520.861 15.352 ± 0.009

2520.864 15.352 ± 0.009

2520.899 15.370 ± 0.009

2520.902 15.368 ± 0.009

2002 Sep 04 2521.658 15.357 ± 0.009

2521.661 15.361 ± 0.009

2521.665 15.354 ± 0.009

2521.676 15.367 ± 0.009

2521.683 15.373 ± 0.009

2521.695 15.358 ± 0.009

2521.699 15.370 ± 0.009

2521.702 15.367 ± 0.009

2521.740 15.363 ± 0.009

2521.743 15.368 ± 0.009

2521.747 15.364 ± 0.009

2521.766 15.363 ± 0.009

2521.769 15.361 ± 0.010

2521.802 15.371 ± 0.009

2521.806 15.372 ± 0.009

2521.809 15.374 ± 0.010

2002 Sep 05 2522.646 15.464 ± 0.009

2522.650 15.464 ± 0.009

2522.653 15.469 ± 0.009

2522.664 15.470 ± 0.009

2522.668 15.470 ± 0.009

2522.671 15.469 ± 0.009

2522.682 15.476 ± 0.009

2522.685 15.471 ± 0.009

2003 Dec 04 2977.672 15.565 ± 0.010

2977.676 15.539 ± 0.011

2977.679 15.513 ± 0.010

Continued on next page ...
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Table F.9: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag

2003 Dec 05 2978.622 15.847 ± 0.011

2978.625 15.851 ± 0.010

2978.629 15.850 ± 0.010

2978.633 15.862 ± 0.010

2978.636 15.873 ± 0.009

2978.640 15.877 ± 0.011

2978.643 15.862 ± 0.009

2978.647 15.867 ± 0.009

2978.651 15.867 ± 0.010

2978.654 15.869 ± 0.010

2978.658 15.875 ± 0.011

2978.661 15.873 ± 0.009

2006 Aug 27 3974.815 16.894 ± 0.013

3974.817 16.938 ± 0.029

3974.818 16.959 ± 0.015

2006 Aug 28 3975.813 16.933 ± 0.023

3975.814 16.928 ± 0.025

3975.815 16.930 ± 0.024

a Carini et al. (1997), Julian Dates approximated.
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Table F.10: Archival PKS 1622–297 R-band Light-Curve

Data

UT Date JD−2,450,000 Apparent Mag a

2003 Aug 03 2854.637 17.664 ± 0.029

2003 Aug 06 2857.584 17.726 ± 0.043

2003 Aug 13 2864.632 17.980 ± 0.032

2003 Aug 16 2867.608 17.698 ± 0.054

2003 Aug 19 2870.585 17.841 ± 0.028

2003 Aug 22 2873.536 17.831 ± 0.050

2003 Aug 25 2876.577 17.852 ± 0.026

2003 Aug 28 2879.573 17.842 ± 0.054

2003 Sep 01 2883.607 17.779 ± 0.067

2003 Sep 11 2893.529 17.805 ± 0.067

2004 Apr 29 3124.706 17.713 ± 0.049

2004 May 02 3127.709 17.852 ± 0.023

2004 May 08 3133.596 17.960 ± 0.035

2004 May 13 3138.701 17.885 ± 0.063

2004 May 21 3146.704 17.919 ± 0.042

2004 May 27 3152.702 17.921 ± 0.036

2004 Jun 09 3165.678 17.972 ± 0.051

2004 Jun 19 3175.686 17.907 ± 0.059

2004 Jul 07 3193.657 17.886 ± 0.026

2004 Jul 10 3196.601 17.894 ± 0.041

2004 Jul 15 3201.610 17.907 ± 0.033

2004 Jul 19 3205.618 17.895 ± 0.030

2004 Jul 25 3211.530 17.817 ± 0.037

2004 Jul 32 3218.617 17.820 ± 0.057

2004 Aug 14 3231.592 17.585 ± 0.039

2004 Aug 26 3243.611 17.660 ± 0.052

2004 Sep 02 3250.547 17.850 ± 0.031

2004 Sep 10 3258.570 17.693 ± 0.026

2004 Sep 15 3263.525 17.732 ± 0.051

2004 Sep 19 3267.537 17.667 ± 0.057

2004 Sep 22 3270.526 17.404 ± 0.036

Continued on next page ...
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Table F.10: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag a

2005 Mar 24 3453.823 17.768 ± 0.054

2005 Apr 01 3461.830 17.651 ± 0.058

2005 Apr 04 3464.748 17.744 ± 0.026

2005 Apr 08 3468.740 17.735 ± 0.028

2005 Apr 11 3471.714 17.719 ± 0.055

2005 Apr 14 3474.831 17.739 ± 0.043

2005 Apr 17 3477.811 17.685 ± 0.043

2005 Apr 29 3489.777 17.436 ± 0.036

2005 May 02 3492.761 17.435 ± 0.061

2005 May 10 3500.687 17.086 ± 0.051

2005 May 19 3509.687 17.142 ± 0.032

2005 May 27 3517.653 16.782 ± 0.035

2005 May 31 3521.708 16.941 ± 0.037

2005 Jun 03 3524.678 16.760 ± 0.071

2005 Jun 06 3527.612 16.778 ± 0.029

2005 Jun 09 3530.651 16.940 ± 0.067

2005 Jun 29 3550.710 16.760 ± 0.031

2005 Jul 03 3554.716 16.828 ± 0.031

2005 Jul 10 3561.688 17.014 ± 0.069

2005 Jul 25 3576.668 17.232 ± 0.047

2005 Jul 28 3579.607 17.436 ± 0.027

2005 Jul 31 3582.571 17.261 ± 0.061

2005 Aug 04 3586.605 17.442 ± 0.186

2005 Aug 08 3590.626 17.584 ± 0.051

2005 Aug 11 3593.608 17.485 ± 0.030

2005 Aug 18 3600.535 17.361 ± 0.061

a All data taken via the SMARTS program.
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Table F.11: Archival PKS 1156+295 EGRET Data a

VP UT Dates Counts F (E > 100 MeV) ∆F

3.0 1991 Jun 15−28 <14 16.2 ...

308.0 1993 Nov 16−19 12 63.0 27.0

Virgo3a 1993 Oct 19−Dec 1 23 12.2 5.3

313.0 1993 Dec 27−1994 Jan 3 <21 37.2 ...

418.0 1995 Apr 25−May 9 40 50.9 11.9

a All data taken from Hartman et al. (1999). VP = EGRET viewing period. Upper limits given with
95% confidence.
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Table F.12: Archival PKS 1156+295 R-band Data

UT Date JD−2,450,000 Apparent Mag a

1995 Apr 29 b –163.000 14.380 ± 0.050

1995 May 01 b –161.000 14.890 ± 0.008

1995 May 05 b –157.000 14.940 ± 0.005

1995 May 09 b –153.000 14.600 ± 0.025

1998 May 17 0950.713 14.869 ± 0.054

0950.716 15.186 ± 0.013

2001 Apr 17 2016.831 15.848 ± 0.007

2016.832 15.825 ± 0.012

2003 Mar 06 2704.865 16.517 ± 0.051

2704.866 16.502 ± 0.041

2704.875 16.515 ± 0.053

2704.877 16.496 ± 0.048

2003 Mar 07 2705.813 16.362 ± 0.011

2705.814 16.366 ± 0.013

2705.816 16.335 ± 0.013

2705.817 16.316 ± 0.012

2705.825 16.288 ± 0.010

2705.827 16.291 ± 0.010

2003 Mar 08 2706.832 16.280 ± 0.010

2706.834 16.277 ± 0.011

2706.835 16.267 ± 0.011

2003 Mar 10 2708.812 16.453 ± 0.014

2708.813 16.426 ± 0.014

2708.815 16.432 ± 0.012

2708.816 16.412 ± 0.012

2708.818 16.418 ± 0.013

2708.820 16.419 ± 0.013

2004 May 22 3147.661 18.029 ± 0.032

3147.666 17.910 ± 0.126

3147.669 17.913 ± 0.134

3147.709 13.884 ± 1.538

3147.709 17.908 ± 0.125

Continued on next page ...
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Table F.12: Continued from previous page ...

UT Date JD−2,450,000 Apparent Mag a

3147.711 17.898 ± 0.144

3147.768 21.487 ± 0.096

3147.770 17.989 ± 0.113

3147.821 18.105 ± 0.027

3147.824 18.057 ± 0.031

2006 Feb 18 3784.865 16.243 ± 0.017

2006 Feb 19 3785.835 15.903 ± 0.007

2006 Feb 20 3786.806 15.765 ± 0.012

2006 Apr 23 3848.717 15.389 ± 0.010

2006 Apr 24 3849.740 15.053 ± 0.010

a All data taken at Lowell Observatory by PEGA unless otherwise noted.
b Raiteri et al. (1998b), Julian Dates approximated.
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Table F.13: 1994 PKS 1156+295 Lowell Observatory R-band

Microvariability Data

UT Date JD−2,440,000 Apparent Mag

1994 Jan 19 9371.8618 15.486 ± 0.012

1994 Jan 19 9371.8670 15.499 ± 0.015

1994 Jan 19 9371.8691 15.495 ± 0.015

1994 Jan 19 9371.8706 15.497 ± 0.015

1994 Jan 19 9371.8722 15.491 ± 0.015

1994 Jan 19 9371.8737 15.493 ± 0.015

1994 Jan 19 9371.8752 15.500 ± 0.015

1994 Jan 19 9371.8796 15.484 ± 0.009

1994 Jan 19 9371.8812 15.478 ± 0.009

1994 Jan 19 9371.8827 15.471 ± 0.009

1994 Jan 19 9371.8842 15.480 ± 0.009

1994 Jan 19 9371.8857 15.482 ± 0.009

1994 Jan 19 9371.8905 15.497 ± 0.010

1994 Jan 19 9371.8921 15.502 ± 0.010

1994 Jan 19 9371.8967 14.238 ± 0.010

1994 Jan 19 9371.8983 15.488 ± 0.010

1994 Jan 19 9371.9031 15.460 ± 0.008

1994 Jan 19 9371.9049 15.458 ± 0.008

1994 Jan 19 9371.9064 15.454 ± 0.008

1994 Jan 19 9371.9079 15.449 ± 0.008

1994 Jan 19 9371.9095 15.457 ± 0.008

1994 Jan 19 9371.9144 15.460 ± 0.010

1994 Jan 19 9371.9161 15.468 ± 0.010

1994 Jan 19 9371.9176 15.463 ± 0.010

1994 Jan 19 9371.9191 15.461 ± 0.010

1994 Jan 19 9371.9207 15.463 ± 0.010

1994 Jan 19 9371.9246 15.457 ± 0.009

1994 Jan 19 9371.9264 15.447 ± 0.009

1994 Jan 19 9371.9279 15.448 ± 0.009

1994 Jan 19 9371.9295 15.444 ± 0.009
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Table F.13: Continued from previous page ...

UT Date JD−2,440,000 Apparent Mag

1994 Jan 19 9371.9310 15.437 ± 0.009

1994 Jan 19 9371.9348 15.434 ± 0.008

1994 Jan 19 9371.9369 15.431 ± 0.008

1994 Jan 19 9371.9384 15.422 ± 0.008

1994 Jan 19 9371.9399 15.423 ± 0.008

1994 Jan 19 9371.9415 15.425 ± 0.008

1994 Jan 19 9371.9454 15.406 ± 0.010

1994 Jan 19 9371.9471 15.413 ± 0.010

1994 Jan 19 9371.9487 15.400 ± 0.010

1994 Jan 19 9371.9502 15.397 ± 0.010

1994 Jan 19 9371.9517 15.415 ± 0.010

1994 Jan 19 9371.9555 15.398 ± 0.010

1994 Jan 19 9371.9571 15.402 ± 0.010

1994 Jan 19 9371.9586 15.404 ± 0.010

1994 Jan 19 9371.9602 15.402 ± 0.010

1994 Jan 19 9371.9617 15.395 ± 0.010

1994 Jan 19 9371.9656 15.401 ± 0.013

1994 Jan 19 9371.9672 15.394 ± 0.013

1994 Jan 19 9371.9688 15.396 ± 0.013

1994 Jan 19 9371.9703 15.384 ± 0.013

1994 Jan 19 9371.9718 15.383 ± 0.013

1994 Jan 19 9371.9763 15.366 ± 0.007

1994 Jan 19 9371.9779 15.372 ± 0.007

1994 Jan 19 9371.9794 15.357 ± 0.007

1994 Jan 19 9371.9810 15.354 ± 0.007

1994 Jan 19 9371.9825 15.346 ± 0.007

1994 Jan 19 9371.9892 15.367 ± 0.007

1994 Jan 19 9371.9907 15.369 ± 0.007

1994 Jan 19 9372.0116 15.520 ± 0.007

1994 Jan 19 9372.0213 15.332 ± 0.012

1994 Jan 19 9372.0228 15.015 ± 0.012

1994 Jan 19 9372.0274 15.065 ± 0.012

Continued on next page ...
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Table F.13: Continued from previous page ...

UT Date JD−2,440,000 Apparent Mag

1994 Jan 20 9372.8291 15.369 ± 0.010

1994 Jan 20 9372.8539 15.467 ± 0.012

1994 Jan 20 9372.8559 15.437 ± 0.012

1994 Jan 20 9372.8574 15.464 ± 0.012

1994 Jan 20 9372.8590 15.472 ± 0.012

1994 Jan 20 9372.8605 15.458 ± 0.012

1994 Jan 20 9372.8686 15.423 ± 0.012

1994 Jan 20 9372.8701 15.445 ± 0.012

1994 Jan 20 9372.8716 15.428 ± 0.012

1994 Jan 20 9372.8732 15.425 ± 0.011

1994 Jan 20 9372.8747 15.433 ± 0.011

1994 Jan 20 9372.8830 15.428 ± 0.011

1994 Jan 20 9372.8845 15.407 ± 0.011

1994 Jan 20 9372.8860 15.429 ± 0.011

1994 Jan 20 9372.8875 15.442 ± 0.011

1994 Jan 20 9372.8890 15.448 ± 0.011

1994 Jan 20 9372.8979 15.320 ± 0.012

1994 Jan 20 9372.9298 15.317 ± 0.012

1994 Jan 20 9372.9320 15.304 ± 0.012

1994 Jan 20 9372.9335 15.329 ± 0.012

1994 Jan 20 9372.9350 15.332 ± 0.012

1994 Jan 20 9372.9365 15.351 ± 0.012

1994 Jan 20 9372.9411 15.422 ± 0.007

1994 Jan 20 9372.9431 15.415 ± 0.007

1994 Jan 20 9372.9446 15.407 ± 0.007

1994 Jan 20 9372.9461 15.405 ± 0.007

1994 Jan 20 9372.9476 15.406 ± 0.007

1994 Jan 20 9372.9523 15.406 ± 0.010

1994 Jan 20 9372.9546 15.401 ± 0.010

1994 Jan 20 9372.9561 15.401 ± 0.010

1994 Jan 20 9372.9576 15.398 ± 0.010

1994 Jan 20 9372.9591 15.393 ± 0.010
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Table F.13: Continued from previous page ...

UT Date JD−2,440,000 Apparent Mag

1994 Jan 20 9372.9646 15.404 ± 0.007

1994 Jan 20 9372.9664 15.403 ± 0.007

1994 Jan 20 9372.9679 15.407 ± 0.007

1994 Jan 20 9372.9695 15.406 ± 0.007

1994 Jan 20 9372.9710 15.410 ± 0.007

1994 Jan 20 9372.9749 15.418 ± 0.007

1994 Jan 20 9372.9766 15.419 ± 0.007

1994 Jan 20 9372.9781 15.424 ± 0.007

1994 Jan 20 9372.9797 15.409 ± 0.007

1994 Jan 20 9372.9812 15.407 ± 0.007

1994 Jan 20 9372.9853 15.418 ± 0.009

1994 Jan 20 9372.9870 15.421 ± 0.009

1994 Jan 20 9372.9885 15.422 ± 0.009

1994 Jan 20 9372.9900 15.431 ± 0.009

1994 Jan 20 9372.9915 15.429 ± 0.009

1994 Jan 20 9372.9975 15.418 ± 0.007

1994 Jan 20 9372.9997 15.420 ± 0.007

1994 Jan 20 9373.0012 15.418 ± 0.007

1994 Jan 20 9373.0027 15.401 ± 0.007

1994 Jan 20 9373.0043 15.420 ± 0.007

1994 Jan 20 9373.0085 15.323 ± 0.006

1994 Jan 20 9373.0101 15.340 ± 0.006

1994 Jan 20 9373.0117 15.347 ± 0.006

1994 Jan 20 9373.0132 15.374 ± 0.006

1994 Jan 20 9373.0147 15.385 ± 0.006

1994 Jan 20 9373.0288 15.383 ± 0.006

1994 Jan 20 9373.0313 15.392 ± 0.006

1994 Jan 20 9373.0334 15.427 ± 0.006

1994 Jan 20 9373.0516 15.369 ± 0.006

1994 Jan 20 9373.0538 15.386 ± 0.006

1994 Jan 20 9373.0573 15.357 ± 0.006

1994 Jan 21 9373.8323 15.410 ± 0.013
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Table F.13: Continued from previous page ...

UT Date JD−2,440,000 Apparent Mag

1994 Jan 21 9373.8429 15.402 ± 0.013

1994 Jan 21 9373.8454 15.417 ± 0.013

1994 Jan 21 9373.8469 15.418 ± 0.013

1994 Jan 21 9373.8485 15.424 ± 0.013

1994 Jan 21 9373.8560 15.443 ± 0.013

1994 Jan 21 9373.8575 15.459 ± 0.013

1994 Jan 21 9373.8590 15.459 ± 0.013

1994 Jan 21 9373.8605 15.437 ± 0.013

1994 Jan 21 9373.8621 15.437 ± 0.013

1994 Jan 21 9373.8684 15.377 ± 0.011

1994 Jan 21 9373.8704 15.357 ± 0.011

1994 Jan 21 9373.8720 15.317 ± 0.009

1994 Jan 21 9373.8735 15.304 ± 0.009

1994 Jan 21 9373.8750 15.240 ± 0.009

1994 Jan 21 9373.8824 15.349 ± 0.007

1994 Jan 21 9373.8839 15.370 ± 0.007

1994 Jan 21 9373.8854 15.411 ± 0.007

1994 Jan 21 9373.8870 15.397 ± 0.007

1994 Jan 21 9373.8885 15.441 ± 0.007

1994 Jan 21 9373.8906 15.421 ± 0.007

1994 Jan 21 9373.8922 15.408 ± 0.007

1994 Jan 21 9373.9067 15.330 ± 0.007

1994 Jan 21 9373.9088 15.336 ± 0.007

1994 Jan 21 9373.9103 15.336 ± 0.007

1994 Jan 21 9373.9118 15.346 ± 0.007

1994 Jan 21 9373.9134 15.339 ± 0.007

1994 Jan 21 9373.9149 15.338 ± 0.007

1994 Jan 21 9373.9166 15.319 ± 0.007

1994 Jan 21 9373.9181 15.327 ± 0.007

1994 Jan 21 9373.9196 15.323 ± 0.007

1994 Jan 21 9373.9211 15.321 ± 0.007

1994 Jan 21 9373.9226 15.323 ± 0.007
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Table F.13: Continued from previous page ...

UT Date JD−2,440,000 Apparent Mag

1994 Jan 21 9373.9246 15.335 ± 0.007

1994 Jan 21 9373.9261 15.325 ± 0.007

1994 Jan 21 9373.9276 15.321 ± 0.007

1994 Jan 21 9373.9291 15.310 ± 0.007

1994 Jan 21 9373.9307 15.315 ± 0.007

1994 Jan 21 9373.9329 15.312 ± 0.007

1994 Jan 21 9373.9345 15.322 ± 0.007

1994 Jan 21 9373.9360 15.328 ± 0.007

1994 Jan 21 9373.9375 15.316 ± 0.007

1994 Jan 21 9373.9391 15.309 ± 0.007

1994 Jan 21 9373.9408 15.306 ± 0.007

1994 Jan 21 9373.9424 15.309 ± 0.007

1994 Jan 21 9373.9439 15.318 ± 0.007

1994 Jan 21 9373.9454 15.315 ± 0.007

1994 Jan 21 9373.9469 15.331 ± 0.007

1994 Jan 21 9373.9484 15.333 ± 0.007

1994 Jan 21 9373.9500 15.344 ± 0.007

1994 Jan 21 9373.9515 15.336 ± 0.007

1994 Jan 21 9373.9530 15.333 ± 0.007

1994 Jan 21 9373.9545 15.335 ± 0.007

1994 Jan 21 9373.9570 15.328 ± 0.007

1994 Jan 21 9373.9585 15.334 ± 0.007

1994 Jan 21 9373.9600 15.324 ± 0.007

1994 Jan 21 9373.9615 15.310 ± 0.007

1994 Jan 21 9373.9631 15.307 ± 0.007

1994 Jan 21 9373.9646 15.294 ± 0.007

1994 Jan 21 9373.9661 15.311 ± 0.010

1994 Jan 21 9373.9677 15.322 ± 0.010

1994 Jan 21 9373.9692 15.323 ± 0.010

1994 Jan 21 9373.9707 15.318 ± 0.010

1994 Jan 21 9373.9733 15.294 ± 0.010

1994 Jan 21 9373.9748 15.296 ± 0.010
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Table F.13: Continued from previous page ...

UT Date JD−2,440,000 Apparent Mag

1994 Jan 21 9373.9763 15.290 ± 0.010

1994 Jan 21 9373.9778 15.289 ± 0.010

1994 Jan 21 9373.9794 15.291 ± 0.010

1994 Jan 21 9373.9809 15.277 ± 0.010

1994 Jan 21 9373.9824 15.278 ± 0.010

1994 Jan 21 9373.9839 15.277 ± 0.010

1994 Jan 21 9373.9855 15.286 ± 0.010

1994 Jan 21 9373.9870 15.290 ± 0.010

1994 Jan 21 9373.9895 15.293 ± 0.010

1994 Jan 21 9373.9910 15.303 ± 0.010

1994 Jan 21 9373.9926 15.305 ± 0.010

1994 Jan 21 9373.9941 15.298 ± 0.010

1994 Jan 21 9373.9956 15.278 ± 0.010

1994 Jan 21 9373.9971 15.284 ± 0.010

1994 Jan 21 9374.0060 15.285 ± 0.010

1994 Jan 21 9374.0077 15.296 ± 0.010

1994 Jan 21 9374.0429 15.397 ± 0.010

1994 Jan 21 9374.0444 15.400 ± 0.010
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Table F.14: Archival PKS 1156+295 Optical BV Data

UT Date JD−2440000 Waveband App Mag Observatory a

1991 May 15 ... B 17.92 ± 0.22 RH

1991 Jun 10 ... B 17.40 ± 0.27 RH

1994 Jan 20 9372.843 V 15.829 ± 0.013 LO

1994 Jan 21 9373.802 V 15.884 ± 0.013 LO

9373.814 B 16.359 ± 0.028 LO

9373.819 B 16.381 ± 0.029 LO

9373.830 V 15.906 ± 0.048 LO

9374.031 B 16.272 ± 0.029 LO

a LO = Lowell Observatory, RH = Rosemary Hill Observatory (University of Florida).

Table F.15: 1993 Jan 19 PKS 1156+295 JHK Data a

J-band Flux H-band Flux K-band Flux

(mJy) (mJy) (mJy)

7.9 ± 0.2 9.4 ± 0.3 12.4 ± 0.4

a All data taken from Litchfield et al. (1994), Table 2.
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Table F.16: Archival PKS 1156+295 UMRAO Data a

UT Date JD−2440000 Frequency Flux

(GHz) (Jy)

1991 May 16 8392.620 8.0 1.19 ± 0.03

1991 May 24 8400.588 8.0 1.27 ± 0.05

1991 May 27 8403.505 4.8 1.46 ± 0.03

1991 Jun 02 8409.524 14.5 1.18 ± 0.02

1991 Jun 03 8410.594 8.0 1.24 ± 0.03

1991 Jun 18 8425.551 8.0 1.19 ± 0.06

1991 Jun 23 8431.484 8.0 1.38 ± 0.04

1993 Nov 02 9294.135 4.8 1.28 ± 0.07

1993 Nov 03 9295.138 8.0 1.34 ± 0.04

1993 Nov 10 9302.103 8.0 1.38 ± 0.02

1993 Dec 26 9347.981 8.0 1.53 ± 0.04

1994 Jan 01 9353.949 4.8 1.23 ± 0.03

1994 Jan 08 9360.930 8.0 1.42 ± 0.02

1994 Jan 11 9363.902 14.5 1.28 ± 0.03

1994 Jan 18 9370.902 14.5 1.35 ± 0.03

1995 Apr 25 9832.628 4.8 1.69 ± 0.02

1995 Apr 29 9836.692 14.5 2.23 ± 0.05

1995 May 06 9843.667 14.5 2.09 ± 0.02

1995 May 12 9849.628 8.0 1.97 ± 0.05

1995 May 15 9852.653 14.5 2.17 ± 0.02

1995 May 17 9854.525 4.8 1.89 ± 0.07

a All data from Aller & Aller, private communication.


