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The Torus

=Obscuring dust makes it difficult to observe AGN:
" The dust absorbs emissions from the AGN
= Extremely dense and thick dust regions can even obscure energetic X-ray emissions
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Clumpy Gas and Dust Torus
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"Largest area Hard X-ray Survey: 31.3 deg? of sky-coverage
" Designed to find representative population of luminous AGN

"Extensive multi-wavelength data from existing sky-surveys:

= Data from:
=" FIRST, VLA, GALEX, SDSS, VHS, UKIDSS, WISE, Spitzer, Herschel

*In total: 6181 X-ray detected sources

= ~5000 bona fide AGN
= ~1600 with Spectroscopic redshifts



Significance

*Multi-wavelength coverage allows detailed study of these sources
*X-ray data (Chandra, XMM) allows easy and reliable AGN selection

*Wide coverage finds a large amount of luminous sources
= X-ray surveys are usually narrow and deep

*Only find low-luminosity sources



First Steps

*We will analyze the sources 1n this sample with Spectral Energy
Distributions (SEDs)

o SEDs are plot of energy vs. wavelength

o The shapes of SEDs inform us about the processes occurring in
galaxies
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Spectral Energy Distributions
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Spectral Energy Distributions

vL, [arbitrary units]

102

—
o
—

—
fe)
o

—
o
R

1072

108 < Lx < 10* ergs/s

Lx > 10* ergs/s

1T

T llllllll T T IIIIIIII T IIIIIIII T llllllll T Illlllll

N = 1206

| |

I | L | Lol L

46.0

45.5

- 45.0

0.1

1.0

10.0

100.0 0.1 1.0 10.0

Rest-Frame Wavelength [pm]

100.0

43.5

43.0




vL, [arbitrary units]

Spectral Energy Distributions

108 < Lx < 10 ergs/s

Lx > 10* ergs/s

102 T lflll?l T I IIIIII! T T IIIIIII T T IIIFII] T T 1T T lllllll T T IIIIlI. T T IIIIII. T T T T T T 46.0
1 45.5
0L ! i
b
,'.vf_ﬂ.'
RS L 45.0
. ‘\; N
107 1= ,* 5 /;2
o s
L 20
. 2
10-1 - 44.0
N = 1206
43.5
1072
lllllll 1 1 - lllllli 1 1 Ll Ll Ll Illli IIIIII 1 43.0
100.0 0.1 1. 10.0 100.0

Rest-Frame Wavelength [pm]

 Effective separation
method

* Notable Differences
in shape




Spectral Energy Distributions
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Spectral Energy Distributions
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Spectral Energy Distributions

vL, [arbitrary units]

102

101

10°

1071

102

108 < Lx < 10* ergs/s

Lx > 10* ergs/s

LI

IIIIIIII T IIIIIII] T

~ far-IR

T lllllll T

N = 390

| I | L | L | L L1

IIIIIII| T I|I|III| T LI B

far-IR

N = 1206

L | Lol L Ll ! | L Lol 1

46.0

45.5

0.1 1.0 10.0 100.0

0.1 1.0 10.0 100.0

Rest-Frame Wavelength [pm]

44.0

43.5

43.0




[ Total N = 1471

900 1 = 10** < Lx < 10* a=025 pum
3 Lx > 10"
400 4
[
ux Ratios
200 1
100 -~
0 T [ |I_‘_|== I 1
N = 1249
a=> pum

V]

]

o
1

Source Counts
b
o
o
1

—
o]
=]
1

0 L :
N =716
a=10 pum
150 1 _,_
100 4 g
50 -
, _,_ll_l_‘—!__lj_l_‘_l
-1.0 —-0.5 0.0 0.5 1.0

log(La/Liym)




Far-IR Detected Sample
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* Galaxy Dominated




Future Work

* Investigating obscuration in AGN

* Need method to separate light from host galaxy + AGN

* Needs to be efficient for large data sets
* Apply to Hubble imaged AGN in CANDELS survey




PSFGAN

*Makes use of a Generative Adversarial Network
(GAN)
*Consists of 2 networks: Generator + Discriminator
*(enerator: creates artificial datasets

*Discriminator: classifies a set as real or fake




PSFGAN Procedure
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PSFGAN Procedure

GAN recovered
host galaxy

v

GAN residual

host galaxy host galaxy + PS
. L]
z=0.2
. -
z=0.1

Z= 1005 5"




PSFGAN Procedure
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Conclusions

1. We find two main types of sources 1n our sample:
» High Ly (~75% ): unobscured, AGN dominated

= Low Ly (~25% ):Galaxy dominated, obscured

2. Strong mid-IR emissions in majority of sources
* Dusty torus present in all sources

3. Separate sample of galaxy-dominated, potentially heavily-
obscured sources
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