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Figure B.14: Structure Maps of Seyfert 1s continued.
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Figure B.15: Structure Maps of Seyfert 1s continued.
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of the nuclear spiral itself are lost in the bright saturated core. Both the

central kiloparsec as well as the bar structure show chaotic dusty regions.

Another galaxy similar to this one is Mrk 766.

F 51 (SB:DS:?, BLS1) This galaxy is highly inclined, with large-scale dust

lanes visible. The central kiloparsec shows chaotic dust structure along with

bright emission to the west and south-west of the nucleus. Star-forming

regions are seen at ∼7-8′′ from the galaxy center, which may be the outer

co-rotation radius of the bar. It is not clear if the galaxy has a bar or a

warped disk or if this is just a inclination effect.

F 1146 (S:DL:-, BLS1) This galaxy is too distant from us to resolve any nuclear

features. But it has a large dusty disk (≈ 8 kpc) that is partially blocking

the central AGN.

HEAO 1-0307-730 (SB:ND:-, BLS1) A prototype barred galaxy with two dis-

tinct spiral arms. It is again too distant to resolve nuclear structures. How-

ever the central 2-3 kpc look devoid of dust.

HEAO 1143-181 (I:A:?, BLS1) An Irregular galaxy, with emission line gas

filaments visible; however, it is too distant to resolve nuclear regions.

HEAO 2106-098 (P:ND:-, BLS1) Classified in CKG03 as a point source, it

seems this galaxy is probably a SB type, as the bar is noticeable in the

structure map. However the galaxy is too distant to see any nuclear struc-

ture.

IC 1816 (SB:DS:?, BLS1) This one shows spectacular dust morphology on all

scales. We see a nuclear dust spiral with two distinct arms that seem to

open as the spiral travels inward eventually forming what looks like a bar-

like structure. Curving dust lanes are prominent. This nuclear spiral has

two distinct arms but is not the prototype GD, hence we have chosen to not

include it in the GD category. The dust structure in the inner 500 pc along

the north-south direction looks very similar to a gaseous/dust bar.
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IC 4218 (S:DL:-, BLS1) Prominent dust lanes are seen in the main galactic

disk. However, the inner 1-2 kpc are devoid of dust and are smooth. A

single dust lane is seen all the way to the nucleus on the west side of the

galactic disk. There is a hint of spiral (main) dust inflow along the inner

side of this dust lane. Overall the galaxy is quite inclined.

IC 4329A (S:DL:-, BLS1) This is an edge-on galaxy with a large dust lane

crossing the line of sight to the central source. No nuclear structures are

visible.

IR 1249-131 (NGC 4748) (S:DS:GD, NLS1, NR) The large-scale structure

shows a faint stellar bar extending from NE to SW. A curving dust lane from

the NE side merges with the nuclear ring within the central 1-2′′. Inside the

nuclear star-burst ring, a two arm nuclear dust spiral can be seen. The

structure of the nuclear region is very similar to that of IC 1816, but we see

a star-burst ring at about the same radius as the dust spiral arms. The star

forming regions and/or emission regions are on the inside edges of the dust

lanes. Much of the rest of the central region seems to be chaotic. We chose

to give it a GD classification as the dust lanes merge with fainter dust lanes

along the large-scale bar.

IR 1319-164 (S:-:-, BLS1) This galaxy was excluded from analysis as most of

it is outside the PC chip on the sawtooth side of WFPC/2 field of view.

IR 1333-340 (S:DL:-, BLS1) This one shows strong dust content within the

central kiloparsec. However it is not clear if there is any spiral structure,

hence we classify this as a DL, for dust lane.

MCG 6-26-12 (SB:DS:GD, NLS1) This is a typical SB galaxy. Even though

the central nuclear region is unresolved, we see curving dust lanes close to

the central saturated core that connect to the straight dust lanes along the

leading-edges of the large-scale bar. Hence this is classified as a GD.

MCG 8-11-11 (SB:DS:?, BLS1) This galaxy was classified as a S in CKG03

but is a SB. One can clearly see a dust lane approaching the nucleus on the
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north side, eventually curving to the inner nuclear regions. Since we do not

see the second dust lane on the opposite side of the bar, we haven’t given it

a GD classification.

MARK 6 (S:DL:-, BLS1) A strong dust lane passes close to the nucleus; much

of the rest of the galaxy shows little dust structure.

MARK 10 (S:ND:-, BLS1) Very little dust is noticeable in the inner kilopar-

sec. The morphology is similar to IC 4218.

MARK 40 (?:ND:-, BLS1) This shows very little dust content in the nucleus,

and seems to be an interacting system with a tidal tail. (Not displayed in

Figure 2.)

MARK 42 (SB:DS:GD, NLS1, NR) A prototype barred galaxy with grand-

design nuclear spiral and a star-burst nuclear ring. Curving dust lanes can

be traced for slightly more than π radians.

MARK 50 (S:DS:FL, BLS1) Outer multi-arm spiral structure is too faint com-

pared to the central source to be directly seen, but it is seen in the structure

map. This galaxy probably hosts a flocculent nuclear spiral. There is not

much dust content visible close to the nucleus. There are hints of winding

dust lane features within 1′′ of the nucleus.

MARK 79 (SB:DS:GD, BLS1) Two dust lanes along leading edges of the

large-scale bar, curving toward the nucleus are seen. Nuclear structure is

not prominent; mostly emission line gas filaments are visible.

MARK 279 (S:DS:FL, BLS1) Multi-arm flocculent nuclear spiral structure is

visible. More dust structures are clearly visible on NW side of the nucleus.

MARK 290 (E:ND:-, BLS1) No significant dust in the nuclear region is vis-

ible. Mistakenly written as a unbarred spiral in CKG03, this galaxy is

probably elliptical.

MARK 334 (S:DS:?, BLS1, SBS) Chaotic dust structures are seen on all scales.

The central kiloparsec shows a distinct inverted S shaped spiral. The region
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connecting the two arms may also be interpreted as a dust bar. This galaxy

may host a weak large-scale bar approximately along the NE-SW line. Much

of the nuclear spiral probably hosts sites of star formation. The spiral arms

are relatively bright compared to other nuclear spirals.

MARK 335 (PG 0003+199) (P:-:-, NLS1) This galaxy is like a point source;

no nuclear structure can be discerned.

MARK 352 (E:ND:-, BLS1) We see no significant dust in the nuclear region.

MARK 359 (SB:DS:GD, NLS1) Shows a very chaotic gaseous and dusty large-

scale bar but the dust lanes are not clearly demarcated from rest of the

structure.

MARK 372 (S:DS:FL, BLS1) Shows a prototypical flocculent multi-arm nu-

clear dust spiral very similar to galaxies from class TW of Martini et al.

(2003a)

MARK 382 (SB:DS:?, NLS1) Probably hosts a GD dust spiral, but the cen-

tral source is too bright to see it clearly. A curving dust lane NW of nucleus,

along leading-edge of the large-scale bar is seen. We choose to not give it a

secondary classification.

MARK 423 (S:DS:FL, BLS1) This galaxy is probably merging with its edge-

on companion and shows a curious mirror-inverted “?” like view. There

is extensive star-formation going on in the disk of the galaxy along with a

disturbed dust morphology. We see chaotic gas structures with dust lanes

in the central kiloparsec. A distinct two arm structure connected by a dust

lane passes through the nucleus.

MARK 471 (SB:DS:GD, BLS1) We see chaotic dust structures within the

large-scale bar. These dust lanes connect together and eventually curve

toward the center to form a GD type structure. Dust can be traced all the

way down to about 0.2′′ of the nucleus.

MARK 493 (SB:DS:GD, NLS1, NR) Another prototypical galaxy with strong

large-scale bar with leading-edge dust lanes feeding a central nuclear ring
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and a grand-design spiral toward the center. Also notable in this image

is the presence of multiple dust spiral arms outside the nuclear ring. The

nuclear ring is broken in places where these dust spiral arms connect with

inner structure. These arms probably are the four-armed spiral outside the

outer ILR of the large-scale bar (see, Maciejewski 2004b).

MARK 516 (S:DS:FL, BLS1) We see that the nuclear dust morphology is

chaotic and extensive star-formation is going on. The nuclear region shows

two bright nuclei.

MARK 530 (S:DS:FL, BLS1, NR) This galaxy shows dust content on all scales,

and the nuclear spiral has multiple dust arms and is of flocculent (FL) type.

To the SW of the nucleus just on the outer edge of the curving dust arm, a

star-burst region is prominent.

MARK 543 (S:DS:FL, BLS1) Shows dust on large scales. Multiple spiral

arms littered with star forming regions are seen. However the central 1-

2 kpc appear to be smooth and devoid of dust.

MARK 590 (S:DS:FL, BLS1) This galaxy is similar to MARK 543, but this

time the central regions are much more clearly visible. One can see multiple

dust spiral arms intermingled with puffy-looking smooth emission. It is at

about the same distance as MARK 543, but the star forming regions and

multiple dust arms are located on the outer edges of the galactic disk as

compared to MARK 543.

MARK 595 (S:DS:FL, BLS1) Shows a multi-arm flocculent dust spiral. One

also sees a nuclear emission ring-like structure close to the central source

crossed by a straight dust lane, which connects on one side with a dusty

spiral arm. The spiral pattern is not seen north of the nucleus.

MARK 609 (S:DS:FL, BLS1) Shows multiple dust spiral arms on all scales.

The overall look is that of a chaotic spiral.

MARK 699 (E:ND:-, NLS1) This galaxy is like a point source and almost no

structure is visible.
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MARK 704 (SB:A:?, BLS1) This is a SB galaxy with very little dust structure

visible due to the bright nucleus, however there is dust structure that appears

to be curving dust lanes just near the point source.

MARK 744 (S:DS:?, BLS1, NR) This galaxy shows a dusty and gaseous nu-

clear spiral and large dust lanes are seen on Northern side of the galactic

disk. The central spiral has multiple dusty arms that wind by more than

2π. A nuclear ring may be forming at about 1′′ distance from the nucleus.

MARK 766 (SB:DS:GD, NLS1) This is a prototype barred NLS1 with large

amount of dust in the large-scale bar along with the curving dust lanes

toward the center that eventually form a grand-design type of nuclear spiral.

MARK 817 (SB:DS:GD, BLS1) Another prototypical barred galaxy with leading-

edge dust lanes culminating in grand-design nuclear spiral.

MARK 833 (I:A:?, BLS1) This is an irregular galaxy with a hint of formation

of spiral structure and a bar along its NW direction. The dust structure is

mostly amorphous.

MARK 871 (S:DL:-, BLS1) This is a spiral galaxy with large dust lanes and

a smooth inner disk. A large dust lane is traveling all the way to the central

source on the NW side of nucleus. A similar dust lane is absent on the SE

side; however, dust lanes seem to be curving toward the nucleus, about 6.5′′

from the nucleus.

MARK 885 (SB:DS:GD, BLS1) This is a barred galaxy, with leading-edge

dust lanes along the bar. However they do not form a typical GD structure

in the central kiloparsec. The dust lanes south of the nucleus seems to merge

partly with a dust lane from the other side of the bar on the NE side of the

nucleus. The curved dust structure on the north side of the nucleus extends

until it merges toward the nucleus.

MARK 896 (SB:DS:GD, NLS1, NR) This is another prototype barred galaxy

showing grand-design nuclear spiral with a nuclear ring. Originally classified

as a S (unbarred spiral) in CKG03.
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MARK 915 (S:DS:GD, BLS1) This is a spectacular example of a dust lane

tracing all the way to the nucleus. The galaxy also shows cone-shaped

NLR emission regions which are almost perpendicular to the inflowing dust

structures. The galaxy is highly inclined.

MARK 1040 (S:DL:-, NLS1) Another spectacular example of a large-scale dust

lane obscuring the central regions. Not much can be inferred from the nu-

clear regions.

MARK 1044 (SB:DS:FL, NLS1, SBS) This is a interesting galaxy showing

large-scale dust lanes along leading-edges of the main bar, feeding what looks

like a multi-arm flocculent type spiral. However the dust lanes can be traced

for about 2π radians before they disappear in the central saturated PSF core.

The multi-arm stellar spiral could be the four-armed spiral that forms at the

outer ILR. Originally classified as a S (unbarred spiral) in CKG03.

MARK 1126 (SB:DS:GD, BLS1) This is another prototype barred galaxy

with a distinct grand-design nuclear dust spiral in the center. The inner ex-

tension of the spiral may be interpreted as a dust bar. However the change

in pitch angle of the spiral is quite strong and it seems that a similar change

on the west side of the nucleus is being masked by the strong emission from

the nucleus in that direction. Originally classified as an unbarred spiral (S)

in CKG03.

MARK 1218 (SB:DS:GD, BLS1) This is a flocculent spiral that is being fed

by large-scale dust lanes. In the nuclear regions, the dust structure is mostly

chaotic. The galaxy is probably barred.

MARK 1330 (SB:DS:GD, BLS1) Shows a gaseous and dusty nuclear spiral.

The single spiral arm is spectacular and travels all the way to the nucleus,

where the flow seems to disintegrate into chaotic gas and dust clouds. We

earlier classified it as a FL based only on the PC image, but after looking

at the mosaic image one can see that the dust extensions on the north and

south side of the nuclear spiral connect to the dust lanes on leading edges
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of the large-scale bar. Hence we reclassified it as a GD. Originally classified

as a S (unbarred spiral) in CKG03.

MARK 1376 (S:DL:-, BLS1) This galaxy is highly inclined and hence it is

impossible to see the nuclear dust structure. An ionization cone like struc-

ture is emanating from the nucleus almost perpendicular to the dust lanes.

Originally not classified (category ?) in CKG03.

MARK 1400 (S:DS:?, BLS1) The central structure of MARK 1400 is smooth

and very little dust structure is seen. There is hint of a dust spiral in the

central 2-3 kpc.

MARK 1469 (S:DL:-, BLS1) This galaxy is highly inclined with only large-

scale dust lanes visible.

MS 1110+2210 (E:ND:-, BLS1) This galaxy is completely featureless, with

no detectable dust structure close to the nucleus.

NGC 235 (S:DS:FL, BLS1) This galaxy shows a flocculent tightly winding nu-

clear dust spiral.

NGC 526A (I:DL:-, BLS1) This is peculiar galaxy with a large veil-like dust

structure in front of the central nucleus. We classified this as a dust lane

type (DL).

NGC 1019 (SB:DS:GD, BLS1, NR) This is a spectacular galaxy showing two

large-scale spiral arms with dust lanes, a large-scale bar with leading-edge

dust lanes, and a distinct nuclear star-forming ring at about 1 kpc from

the nucleus. There is a dust lane traveling all the way to the nucleus from

the SE side inside the nuclear ring. The inner disk appears featureless and

mostly devoid of dust except for the faint dust lanes visible on North and

SE of the nucleus. The SE lane connects with the curving dust lane of the

northern arm of the large-scale bar. Faint multi-arm spiral extensions are

seen around the nuclear ring; these are probably similar to the four-armed

type spiral patterns seen in other barred galaxies with an outer ILR.
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NGC 1566 (S:DS:FL, BLS1) This is a Sbc galaxy having a flocculent dusty

nuclear spiral. Very close to the nucleus the spiral shows a curious inverted

S shaped structure in the inner 1′′.

NGC 2639 (S:DS:FL, BLS1) This is a spectacular galaxy showing multi-arm

flocculent dust spiral structure on large-scales. In the inner 5′′ from the nu-

cleus the disk becomes much smoother with two dust lanes traveling toward

the nucleus. The puffy nuclear gas disk probably has 3 or 4 spiral arms.

NGC 3227 (SB:DL:-, BLS1) The inner disk is highly inclined and hence we

can only see dust lanes crossing it on the SW side. Looking at the WFPC2

mosaic image, these dust lanes are the inner parts of the leading-edge dust

lanes of the large-scale bar. The dust within the large-scale bar is also

chaotic. We are not seeing the other edge of the bar on the SE side in the

WFPC2 image. Emission line gas is seen near the nucleus and perpendicular

to the disk plane. Since we cannot see the nuclear structure clearly, we choose

to classify this as a DL. Originally not classified (category ?) in CKG03.

NGC 3516 (SB:DL:-, BLS1) This is a spiral galaxy with a large chaotic dust

lane traveling toward the nucleus. There are more dusty regions south of

the nucleus. The large-scale structure is not clearly seen, but it seems like

the galaxy is a SB type in the WFPC1 mosaic image, and the bar may lie on

NW-SE line with respect to the nucleus. It is unclear what is generating the

large-scale chaotic dust lane. Originally classified as a S (unbarred spiral)

in CKG03.

NGC 3783 (SB:DS:FL, BLS1) This is a typical barred galaxy, with a large-

scale star+dust ring at the outer co-rotational radius of the bar. The dust

lanes along the bar edges are faint. We can see curving dust lanes from the

bar edges, but apart from that there are multiple dust lanes, so we choose

to go with the FL category for this galaxy.

NGC 4051 (SB:DS:GD, NLS1) This shows a gas and dust rich nuclear region.

We choose to classify this galaxy as a GD based on the dust lane NE of the

nucleus which connects to the large-scale leading-edge dust lane of the bar.



217

This is not immediately apparent from the PC image due to proximity of

the galaxy.

NGC 4235 (S:DL:-, BLS1) This galaxy is highly inclined and we only see the

large-scale dust lane.

NGC 5252 (S:DS:?, BLS1) This is a curious galaxy with dust filaments stretch-

ing in arcs all the way out to 15′′ and a stellar bar like structure which is

completely devoid of dust, stretching along the NS line. One sees a tightly

wound spiral structure NW of the nucleus. Since we could not properly

classify this we chose to only give it the primary classification of DS.

NGC 5548 (S:DS:FL, BLS1) This one shows a inwardly winding nuclear dust

spiral. The overall morphology is similar to NGC 7213.

NGC 5674 (SB:DS:GD, BLS1) This is a prototype barred spiral with spec-

tacular grand-design nuclear spiral. Dust content is seen on all scales.

NGC 5940 (SB:DS:GD, BLS1) This is another barred spiral with a spectac-

ular grand-design nuclear spiral. Dust content is again prominent on all

scales.

NGC 6104 (SB:DS:?, BLS1) Dust content is prominent on all scales. A strong

large-scale bar is visible, but only one leading-edge dust lane is visible on

the NE side of the nucleus. This lane curves and moves toward the nucleus;

however, since we do not see the other lane we choose to not give it a

secondary classification. This is probably a GD.

NGC 6212 (S:DS:FL, BLS1, NR) This is a spectacular example of a multi-

arm flocculent spiral structure for the outer disk and a tightly wound multi-

arm structure for the nuclear disk. This is what would be a prototype class

TW nuclear spiral from the classification of Martini et al. (2003a). It also

shows a nuclear star-forming ring at between 2′′ and 3′′ from the nucleus.

NGC 6860 (S:DS:FL, BLS1) This galaxy is partly out of the PC chip, but one

can see the dust lanes that connect the outer dusty disk with the nucleus.

Most of the nuclear disk is smooth.
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NGC 7213 (S:DS:FL, BLS1) This a prototype galaxy for a multi-arm floccu-

lent inwardly winding nuclear dust spiral. The dust spiral can be traced all

the way to the nucleus. The nuclear disk is packed with large quantities of

gas and dust.

NGC 7314 (S:DS:FL, BLS1) The inclined nuclear disk shows chaotic dust con-

tent and hence is classified as FL.

NGC 7469 (S:DS:?, BLS1, NR) Shows a good example of a multi-arm nu-

clear spiral with a nuclear star-burst ring.

II SZ 10 (S:ND:-, BLS1) This is a barred spiral but is too distant to search for

nuclear structures. This was mistakenly written as II ZW 10 in CKG03 as the

MAST fits header gives ’IIZW10’ as the value of ’TARGNAME’ parameter.

PKS 0518-458 (E:ND:-, BLS1) This is an elliptical galaxy but too distant to

look for nuclear structures.

TOL 1059+105 (S:ND:-, BLS1) This galaxy has bright emission line filaments

near its nucleus, but shows no dust content.

TOL 2327-027 (SB:DS:GD, BLS1, NR) This is a spectacular example of a

nuclear grand-design spiral. It can be questioned if we can call the spiral

that starts at ≈ 5 kpc a nuclear spiral. We can trace winding dust lanes all

the way down to 200 pc from the nucleus. At about ≈ 2 kpc the winding of

large dust lanes halts and the galaxy seems to have formed a gaseous disk;

small dust lanes continue through this disk toward the nucleus. All the star

forming regions seem to form in a ring-like structure and are on the outer

side of the curving dust lanes. Originally classified as a S (unbarred spiral)

in CKG03.

UM 146 (S:DS:?, BLS1) The dust structure in this galaxy is quite faint in the

nucleus which is dominated by the optical emission of the nuclear gas disk.

One can see small dust lanes crossing the disk. It is possible that the disk

is being fueled via large-scale dust lanes, but these are not clearly visible,

except on the east side of the nucleus.
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UGC 3223 (SB:DS:FL, BLS1) This one shows a flocculent multi-arm disk in

the nuclear region. Dust is distributed on large scales in the galaxy and

one can see a dust lane traveling toward the nucleus from the north side of

the galaxy. This dust lane eventually curves to become the nuclear spiral.

There is a ring-like structure around the nucleus. Originally classified as a

S (unbarred spiral) in CKG03.

WAS45 (SB:DS:GD, BLS1, NR) This galaxy probably has a grand-design

nuclear spiral and is similar in morphology to MARK 1044. A nuclear stellar

ring is clearly visible.

UGC 10683B (SB:DS:?, BLS1) This one shows a dusty tightly wound nuclear

spiral.

UGC 12138 (SB:DS:GD, BLS1) This one shows a grand-design nuclear dust

spiral. The bar is probably not strong as the leading-edge dust lanes are not

straight, but rather curved.

UM 614 (S:ND:-, BLS1) Very little dust is seen in the nuclear regions of this

galaxy.

X 0459+034 (E:A:-, BLS1) This galaxy shows extended emission line gas fil-

aments but no dust structure is detectable in the nuclear region.

Below we give the table from the Third Revised Catalogue of Galaxies

(RC3) that describes the coding of morphological types of galaxies, including

the value of T.
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Table B.1: The Revised Hubble Classification of Galaxies from RC3.

Classes Families Varieties Stages T Type Code
Ellipticals Compact -6 cE cE...

Ellipt.(0-6) -5 E0 .E.0.
Intermediate -5 E0–1 .E.0+

“cD” -4 E+ .E+..
Lenticulars S0 .L

Non-barred SA0 .LA
Barred SB0 .LB
Mixed SAB0 .LX

Inner Ring S(r)0 .L.R
S-shaped S(s)0 .L.S
Mixed S(rs)0 .L.T

Early -3 S0− .L..-
Intermediate -2 S0o .L..0
Late -1 S0+ .L..+

Spirals Non-barred SA .SA
Barred SB .SB
Mixed SAB .SX

Inner ring S(r) .S.R
S-shaped S(s) .S.S
Mixed S(rs) .S.T

0/a 0 S0/a .S..0
a 1 Sa .S..1
ab 2 Sab .S..2
b 3 Sb .S..3
bc 4 Sbc .S..4
c 5 Sc .S..5
cd 6 Scd .S..6
d 7 Sd .S..7
dm 8 Sdm .S..8
m 9 Sm .S..9

Irregulars Non-barred IA .IA
Barred IB .IB
Mixed IAB .IX

S-shaped I(s) .I.S
Non-magellanic 90 I0 .I.0
Magellanic 10 Im .I.9

Compact 11 cI cI
Peculiers 99 Pec .P
Peculiarities Peculiarity pec .....P
(All types) Uncertain : ....*

Doubtful ? ....?
Spindle sp ...../
Outer ring (R) R......
Pseudo-outer R (R′) P......



Appendix C

Data Reduction Tutorial for

Spitzer Spectra

The post-BCD analysis and reductions can be done with SMART, and the

steps below describe how to generate a complete 5.3–38 µm spectrum from

a set of BCD files.

1. SMART works with 3-plane BCD files (called .bcd3p.fits) and in-
cludes an IDL routine to generate these files. The files contain the
data plane, the uncertainty place and the bad pixel mask plane. The
IDL procedure is called make 3plane. A typical invocation is as below,

[deo@bok data]$ ls r10868992/

ch0 ch1 ch2 ch3 QualityAnalysis_10868992.README

[deo@bok data]$ ls r10868992/ch0

bcd cal pbcd raw

[deo@bok data]$ tcsh # Run csh

deo@bok ~> smart com # and begin smart in command line mode.

...

SMART Initialization messages

...

IDL> make_3plane, ’r10870272/ch0/bcd/’, /pu

making ...bcd3p.fits

...

IDL> smart_project ; Begin GUI

IDL>
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The ‘/pu’ keyword indicates that pick-up array data should be ig-

nored when making 3plane files in sub-directory ch0/bcd. This key-

word should be included only if the dataset contains the pickup array

data. Note that it will be present only for the low-resolution data in

the ch0 sub-directory.

2. After the 3plane files have been generated, they can be loaded in to

SMART via the Project Manager GUI.

3. All operations within the SMART GUI are tied to the Dataset Manager.

The dataset manager window shows the list of files loaded in your

project. All intermediate image and spectrum products are processed

and can be saved to the dataset manager. They can be retrieved on

demand whenever SMART is restarted. It is a good idea to save all

intermediate data products to the dataset manager.

4. SMART is a collection of image processing and spectral analysis tools.

For image display, it uses a modified version of Aaron Barth’s ATV

image display tool. The feature set of ATV is similar to ds9. For

spectral analysis, SMART uses a modified version of the ISAP software

tool. ISAP was written for ISO/SWS spectral analysis and thus has

the same look and feel. SMART contains many other routines that do

various things such as unit conversions, data I/O in various formats,

spectral line fitting, continuum fitting, etc.

5. Each image file is cleaned and hot pixels are identified with IRSCLEAN,

updating the bad pixel masks.

6. After the bcd3p image files have been loaded, difference DCEs per

“nod” position are median combined. For example, if there are two

DCEs for SL2, then these are median combined into one exposure per

“nod” position.
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7. As there are no independent sky observations taken by default, sky

background needs to be subtracted from the DCEs. This can be accom-

plished as follows. Subtract the off-source slit image from the on-source

slit image; e.g., if you are trying to subtract sky background from SL2

“nod” position 1, median combine the SL1 “nod” position 1 DCEs and

subtract that from the SL2 “nod” position 1 image (which is a median

combined image of SL2 DCEs itself). An alternate way is to extract

the sky spectrum from the off-source image and then subtract that

from the on-source extraction. In practice, sky background is better

subtracted at the image-level and results in a cleaner extraction.

8. After the background is subtracted, spectral extraction is performed on

the cleaned image for “nod 1” and “nod 2” positions. For point source

spectra, “Automatic Tapered Column Point Source” extraction option

is used. The extraction process is displayed on the screen via plots.

Finally the ISAP window is displayed with the extracted spectrum

loaded in the window. The ISAP window should be left open while

you extract the rest of the modules and orders. Each time you extract

a spectrum, SMART will prompt you to load the new dataset into the

existing ISAP window. To view the datasets already loaded, click on

a button titled “Store”. A window will pop-up displaying the stored

datasets in the memory cache of ISAP.

9. In the ISAP software, the spectrum displayed in the main display area

is called the ‘Prime Spectrum’. One can think of this spectrum as the

reference spectrum. After all the modules have been extracted and

loaded into the ISAP window, one begins by selecting a spectrum (say

SL2) from the ‘Store’ menu as the reference spectrum. Each of the

module spectra can then be plotted in the display area independently

and the deviant data points flagged and masked. After cleaning all
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the module spectra, we can begin ‘stitching’ the complete spectrum

together.

10. Before the ‘stitching’ process can be done, “nod 1” and “nod 2” spectra

for say SL2 must be averaged together to get a single spectrum for SL2.

Continue to do this for rest of the modules.

11. The ‘stitching’ process involves making one of the modules the prime

spectrum (say LL1) and then ‘merging’ the rest of the module spectra

(LL2, SL1, and SL2) to this reference spectrum.

12. Normally all module spectra should match in their flux levels in the

region of overlap (see Figure 5.2). This however is not often the case.

There is a small flux mismatch (∼ 5%) between the LL and SL modules

due to their different slit widths. Since the LL1 slit width is widest, the

rest of the modules are often scaled to the flux level of LL1 spectrum.

This can be done by multiplying the module spectra with a scale factor

greater, than but close to, unity.

13. Finally the complete reference spectrum can be re-sampled and any

spurious features due to averaging at the merging edges removed. The

final spectrum and its parts can then be saved back to the dataset

manager window. The final spectrum can be exported out of SMART

into a .fits file or as a ASCII table with a header. The extracted

and calibrated spectrum is generally in λ(µm) vs. Fν(Jy) units, but

the units can be changed if needed.

14. We performed further spectral analysis outside of SMART with com-

monly available IDL programs to measure equivalent widths and fluxes

of lines. The continuum was fit using a spline fitting technique. Since

the mid-IR spectra are very feature rich, defining the continuum is a

bit of a subjective process.
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The above steps required to produce a publication quality spectrum are

by no means a complete description, but it provides the most important tips

that will be useful when reducing the spectrum using SMART. Readers are

advised to read the SMART User Manual and the Data Reduction Cookbooks

on the Spitzer Science Center’s website1.

The key to extracting good quality high S/N spectra is to clean the images

of hot pixels with IRSCLEAN and to perform the sky subtraction at the

image level properly. In exceptional cases, when the source is not really a

point source, it may be necessary to use manual extraction within SMART

instead of the automated routine provided.

1http://ssc.spitzer.caltech.edu/postbcd/irs_reduction.html

http://ssc.spitzer.caltech.edu/postbcd/irs_reduction.html


Appendix D

Archival Spitzer Spectra

Here we display the 58 Spitzer spectra from the archival sample (Weedman et al.

2005; Buchanan et al. 2006) that we have used in our research. The archival

BCD files were retrieved and the spectra extracted using procedures de-

scribed in Appendix C. The properties of these galaxies are listed in Ta-

ble 6.2.

We have separated the spectra according to their optical Seyfert types as

noted in Table 6.2. Figures D.1 to D.3 show the Seyfert 1 spectra. Figures D.4

to D.9 show the Seyfert 2 spectra. And, Figure D.10 shows the spectra of an

additional three Seyfert 1.8/1.9s from the archival sample. As can be seen the

Seyfert 2 spectra show the largest variety in continuum shapes, while Seyfert

1 spectra tend to show more continuum emission at short wavelengths. The

17 µm “hump” expected to arise due to warm (T ∼ 170 K) dust is also

prominent in many spectra.
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Figure D.1: Spitzer spectra of Seyfert 1s, 1.2s and 1.5s from Table 6.2.
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Figure D.2: Spitzer spectra of Seyfert 1s: continued
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Figure D.3: Spitzer spectra of Seyfert 1s: continued



230

Figure D.4: Spitzer spectra of Seyfert 2 galaxies.
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Figure D.5: Spitzer spectra of Seyfert 2 galaxies: continued
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Figure D.6: Spitzer spectra of Seyfert 2 galaxies: continued
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Figure D.7: Spitzer spectra of Seyfert 2 galaxies: continued
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Figure D.8: Spitzer spectra of Seyfert 2 galaxies: continued
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Figure D.9: Spitzer spectra of Seyfert 2 galaxies: continued
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Figure D.10: Spitzer spectra of 3 Seyfert 1.9s galaxies from Table 6.2.
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