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final events, labeled A and C in Figure 3.6, because of their larger amplitude. Another
reason for disregarding this peak in the LNP is because only one period of this size can fit
within the length of observations for this night (0.3 days). The second largest peak occurs
at 0.0494+0.003 days. This period appears to be a convolution of the two major events
previously mentioned, residual data points from the detrending, and one of the smaller

amplitude events.
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FIGURE 3.23: Periodogram for all of the detrended R-filter observations taken on 11 April 2010.

The larger amplitude events are overpowering the smaller changes in magnitude. In order
to truely analyze the portion of the data that exhibit oscillatory behavior, only the detrended
section of data were used in the LNP program. Figure 3.24 is the resulting periodogram
showing a strong peak at 0.0244+0.002 with a FAP of 0.03. Although this period differs from

the one found for 12 April, it is visually consistent with the light curve.
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FIGURE 3.24: Periodogram for the detrended portion of R-filter observations taken on 11 April 2010.
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FIGURE 3.25: The detrended portion of the data phased to the period found from the periodogram for the
R-filter observations taken on 11 April 2010.
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To test the validity of the 0.024 day period, the data for the detrended portion were
phased to that period as seen in Figure 3.25. There is a definite sinusoidal shape to the
data meaning a valid period was found. As a test, the entire night’s data were phased to the
longer 0.049 day period, but there was no coherence to the folded light curve. The abscence
of a trend in the data further proves 0.049 was a false period detection.

The V-band data were detrended in the same manner as the R-band data for 11 April.
The portion to be detrended is seen as the dotted line in Figure 3.26. The resulting light
curve to be analyzed is given in Figure 3.27. Due to poor S/N and sampling, visual inspection

fails to immediately identify a clear period.
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FicURE 3.26: The dotted line represents the detrend performed on the V-filter observations taken on 11
April 2010.

The data for the entire night were analyzed using the LNP program. Figure 3.28 shows

the resulting periodogram with two peaks having almost the same power. The detection of
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FicURE 3.27: The data after the trend has beena removed for the V-filter observations taken on 11 April
2010.

a period of ~0.06 days stems from the poor sampling mentioned previously as well as the
overpowering of small amplitude events by larger ones. The second peak seen at a period of
0.02940.001 days is consistent with the period found for the R-band data. There are several
other noteworthy peaks occuring at periods of less than 0.025 days in this periodogram, but
they are likely aliases of the first two peaks.

To be consistent between filters, only the detrended section of data were analyzed using
the LNP. The periodogram, seen in Figure 3.29, has two prominent peaks as well. Their
periods are slightly shorter than the period for the overall data. The peak seen at ~0.06
days is a false detection for the reasons previously discussed. In addition, the inability to
complete more than one period within the length of the data set is a valid reason to discard

this period detection. The second peak occurs at a period of 0.026+0.002 with a FAP of 0.22.
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FIGURE 3.28: Periodogram for all of the detrended V-filter observations taken on 11 April 2010.
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F1GURE 3.29: Periodogram for the detrended portion of V-filter observations taken on 11 April 2010.

The period found from the entire night of data and the period found from the detrended
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FiGURE 3.30: The detrended portion of the data phased to the period found from the periodogram for the
V-filter observations taken on 11 April 2010.

portion of data are within the error bars of each other confirming the detection of periodic
behavior.

To test the reality of the periods, the entire set of data and the detrended portion of data
were phase to their respective peak periods. Both showed a strong sinusoidal shape in the
folded light curves. Figure 3.30 shows the phased light curve for the detrended portion of
data. Even though the FAP is higher for the 11 April V-band data, the R-band data show
the same period. The data indicate this is a real detection of periodicity.

Much of the periodic work done for this thesis was completed in collaboration with J.

Robert Parks.
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3.2.3 Color Variability

Because data were taken in multiple filters, color information is available for analysis. Al-
though no correlation was found in the variation of V-R over time, there is a strong correlation
in color with respect to magnitude. Each point in Figure 3.31 is a nightly average. There is
a linearly decreasing trend apparent. This indicates that as 3C279 became dimmer (increase

in R magnitude) the blazar also got redder (increase in V-R).

R Magnitude

0.50 0.52 0.54 0.56 0.58 0.60

FiGure 3.31: Each data point represents the average magnitude in V and R for each night. The linear
decline is evident.
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ConNcLUSIONS & FUTURE WORK

4.1 Conclusions

As seen from Figure 3.1, 3C279 was in one of the faintest states observed in several decades,
but certainly not a quiescent one. Throughout the week of 10-15 April 2010 intense obser-
vations of the object were made in V- and R-band showing a 0.4 mag change and a 0.3 mag
change respectively. The reality of microvaribility events have been demonstrated using the
simultaneous observations from the 317 and 42” telescopes and cross correlation analysis.
No lag was seen for any night or portion of a night. The inability to observe confirmed
microvariability the last two nights of observations could be due to the low S/N because of
the dimness of the object or because the source of the microvariability was not present.

It is difficult to identify the source of microvariability without polarization measurements;
however they are not absolutely necessary. An alternative way of connecting microvariability
to either the jet or the accretion disk is to compare the amplitude of events in the low state
with the amplitude of events in the high state. Because 3C279 is a radio loud object, it is
reasonable to assume that the dominant source of radiation in the high state is the jet. It
would also be reasonable to believe, in a low state, the next likely contributor to observed
radiation would be the accretion disk (Noble & Miller 1996). However, if the amplitude
(change in magnitude) of the observed event is independent of the luminosity state (i.e it

“scales” with the luminosity) then the source of microvariability is most likely the jet. If the
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FiGURE 4.1: This event was observed in V-band 10 May 1989 while 3C279 was in a bright state. Figure
adapted from Miller et al. (1996).

amplitude (change in magnitude) of variability is dependent upon state (i.e large amplitude
in the low state, small amplitude in the high state) then the source is most likely the accretion
disk (Miller 2006).

A study of 3C279 performed by Miller et al. (1996) found the object to be in a moder-
ately bright state in May 1989 (V=15.2). Figure 4.1 shows a well sampled large amplitude
event that was observed on 10 May 1989. By comparing the amplitude of this event with
the amplitude of events from the April 2010 observations, it can be seen that they are of
comparable size (~0.15 mag). This implies that the microvariations are not associated with
the accretion disk. The next most likely candidate for the source of microvariability is the

jet.
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The reality of periodic behavior was tested for in two of the three nights microvariability
was observed. The detection of transitory quasi-periodic oscillations in a blazar is similar to
that seen by other observers for selected blazars. A likely candidate for the source of such

behavior is shock propagation down the jet (Rani et al. 2010).

4.2 Future Work

This blazar being in such a low state gave a rare opportunity to study microvariability char-
acteristics under extreme low state conditions. 3C279 exhibited confirmed microvariability
three out of five nights, contrary to many studies done on blazar activity suggesting mi-
crovariability is a high state only phenomenon (Carini 1990). This study suggests a change
be made in the choosing of objects to observe. Instead of searching archives for blazars
in outbursts, one should look for those in a low state in order to observe their structure.
Scanning the PEGA archive for recent observations of blazars in low states would provide a
starting place for the investigation of low state blazar variability. Confirmation that 3C279
is not an anomoly in its class is necessary before completely disregarding the theory that
microvariability occurs more frequently in the bright state.

Adding polarization measurements would greatly increase the constraints placed on the
physical origin of the observed processes. These observations coupled with V- or R-filter
observations could definitively connect the microvariability observed with the jet. More

simultaneous observations are necessary. A world-wide collaboration would provide 24 hour
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monitoring for these extremely variable objects which would connect the dots, so to speak.

By filling in the gaps between observations caused by daylight, we may be enlightened.
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COMPARISON STARS FOR 3C279.

The finder chart for 3C279 and the comparison stars used for this thesis are presented here.
The table lists the characteristics of the comparisons stars. The identifier is given in column
1; right ascension and declination in degrees are given in columns 2 and 3 respectively; and
the B, V, and R magnitudes are listed in columns 4, 5, and 6. The blazar is located between
the solid lines near the center of the image. Each comparison star in the field is labeled

clearly.

TABLE A.1: Comparison Star Information

ID RA (deg) Dec (deg) B Mag V Mag R Mag

1 194.043023 -5.837164  13.02(0.03) 12.42(0.03) 12.05(0.02)
9 104.118637 -5.739323  13.73(0.04) 12.99(0.04) 12.56(0.03)
3 104110812 -5.756223  15.49(0.03) 14.87(0.03) 14.53(0.02)
4 193.991812  -5.738287  16.53(0.05) 15.66(0.03) 15.13(0.02)
5 194.060423 -5.779839  16.79(0.04) 15.98(0.04) 15.47(0.02)

Reference: Raiteri et al. (1998).
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FIGURE A.1l: Finding chart for 3C279 used for this thesis.
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LicaT CURVE FOR 14 APRIL 2010.

The light curves for 14 April 2010 in V- and R-filter are shown here. Even though some
variability over the 3¢ level is present in the V-band, it is not reproduced in the R-band. Also
the two spots where possible microvariability exists coincide with significant variation in the
difference in comparison stars. Cross correlation analysis for the entire night and subsequent
portions of the night are also presented and show very low cross correlation coefficients.
Neither visual inspection nor cross correlation analysis could verify microvaribility for this

night.
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FiGUrRE B.1: Observations from 14 April 2010. Top Object light curve. Bottom Check 4-Check 5 light
curve. Data taken with the Lowell 42” telescope.
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FiGURE B.2: Observations from 14 April 2010. Top Object light curve. Bottom Check 4-Check 5 light
curve. Data taken with the Lowell 31” telescope.
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FiGure B.3: Top Cross Correlation Function for 14 April 2010. Center Auto Correlation for R-Filter.
Bottom Auto Correlation for V-Filter.
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Ficure B.4: Top Cross Correlation Function for First Part of 14 April 2010. Bottom Cross Correlation
Function for Second Part of 14 April 2010.
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LicaT CURVE FOR 15 APRIL 2010.

The light curves for 15 April 2010 in V- and R-filter are shown here. Even though some
variability over the 3o level is present in the V-band, it is not reproduced in the R-band.
Also the events where possible microvariability exists coincide with significant variation in the
difference in comparison stars. Cross correlation analysis for the entire night and subsequent
portions of the night are also presented and show very low cross correlation coefficients. It
would appear the second portion of the night has a non-negligible correlation coefficient, but
upon closer inspection there are no events to correlate. The program is correlating noise in
this case. Neither visual inspection nor cross correlation analysis could verify microvaribility

for this night.
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FiGure C.1: Observations from 15 April 2010. Top Object light curve. Bottom Check 4-Check 5 light
curve. Data taken with the Lowell 42” telescope.
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FiGure C.2: Observations from 15 April 2010. Top Object light curve. Bottom Check 4-Check 5 light
curve. Data taken with the Lowell 31” telescope.
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