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What is an AGN?

Active Galactio Nuclei,-or AGN; are supermassive - i :
: ;blackholes (SMBH) |n the center of galaX|es that accrete v
' gas onto themselves and emlt radlatlon through the entrre .{‘.’f
fEMspectrum el e B Q
: Accretlon disk: Gas faIIs onto the SMBH and emlts from the:ff' '°"ci(§:2°n Q
= IR to UV. Gy Pamim bl e Al s O O
- Corona ‘Hot plasma of electrons placed near the acc etlon Q D I O
disk: Photons from the d|sk colllde wrth the hot elect O O ot O
<. ~and reach X- ray energ|es viaidC scatterlng © )
Torus: The AGN is surrounded by gas and austin:e
; shape that obscures emlssmn from the optrcal to the X rays_fv'l

Outflow

- Adoplestfiom Ratos Almeida & Rifei (2017),




' eom*p‘tgn- _Th ick (CT)-AGN

- -The shape of the spectra
= idepends on the N H
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Why CT-AGN Are Important

s . T - Data:AjeIIoetaI.2068
The Cosmlc X-ray Background | of TS .

(CXB) the diffuse X- -ray. em|SS|on . N

: inthe 1 ~200 300 keV band 480wy

- - -produced mostly by AGN"“ o
- -Compton-thin AGN: .
1x10%2 cm? < Nygies <1 .aX'

= CT-AGN are requrred to explarn-':;l;';f'? '
_‘.;the peak ~30 keV i

IntenSLty keV cm

" Uedaetal 2014 .



- How cva re NH? With Machine Learning!

:We used a Multlple Lmear Reqressmn
- method. . e
. ) algorlthm was tralned usmg 451 AGN L
= :detected by the hard X-ray telescope SW/ft
- BAT (14-150 keV) and with NH values -
L -determlned through spectral flttlng
- Mid-Infrared (MIR 3.4-22 ym) WISEf Colorsii
MIR = Soft X ray Relatlon .
‘e Soft X-rays (0 3- 10 keV) Two Hardness
| Ratlos (HRs) e -
e Hard X-rays (14 150 keV) SWlft-BAT count
- ,rates e . ' Lo s e
e o wewavswews




' Results and Comparison with a Previous Method

- Asmus et al. 2015 (orange)
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Future Work

Analyze 11 sources predlcted to be CT by thls algorlthm that were
. accepted in. NuSTAR GO Cycles 9 and 10.. e
= '.-Increase tralnmg sample W|th sources observed by NuSTAR (h
e Test dlfferent machlne learnlng tf‘ '*hm
the predlctlve power of the algogithm.

COMING SOON
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Takenomepors

e AGN are crUCIaI i understandlng e
~ the CXB and are believed to makeupa =
L . .much Iarger fractlon of AGN than those."‘.,:_;:,ﬁ__:i'-“.h;
- found from observations. =
 Our new algorithm has lmproved.up
- previous methods in predlctlng
_'lAGN partlcularly for unobscured
Ui Eisolifcel s e
.- & This will heIp us flnd new CT AGN in the
- future i e
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. whia‘t sanAGN?

. Actlve Galactlc Nuclel or —
o AGN, are supermasswe
_-blackholes (SMBH) in the_i;t'_,_'v,.}}

. f_ffcenter of galaxres that
. accrete gas onto
~ themselves and emlt
f;{'radlatlon through the
A "~ent|re EM spectrum

- Simulation from NASA's Dana Berry .




" AGNEmissioninthe MR~~~ ©

o UV Ilght from the accretlon dISk is

. ~_ _ﬁabsorbed by the dust gralns m ther-:}-[';
torus WhICh are heated up to
e The dust then emlts thermall*
- _".fpeaklng in the Mi R




. Wh‘{e'r‘e\é’r‘e\;‘the'y? f‘ . '

Populat}on SyntheS|s models o
- predict between 20% (Ueda et aI‘f’f .
- : "f2014) and 50% (Ananna et aI ;
" 2019) of AGN are CT while only 5-
| 10% of observed AGN are
- the Iocal unlverse)
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i Bur}lc')‘j"rlli ':e.'tlj-al.., 2011 E




 Machine Learning Algorithms: How Do They Work?

S Target VaIue Some quantlty that you are o
-~ trying to prediet. L e e
o T'Input Parameters Data used to predlct the"‘:"
" - target vatue i e
~ Training Set: A sample of data 'Wlt vallinpt
'_;parameters and known target i"\/a-tues use o
o tedch the dlgorithm.
- i 'Testlng set A sample of data W|th aII |nput
parameters and known target values used to
_test the accuraov of. the aIgorrthm




. Mid- Infrared (MIR 3.4- 22 um) WISE Colors
,_._MIR SoftX ray Relatlon S G
- Soft X-rays (0.3- 10 keV) Two Hardness Ratlos (HRs)

' "Hard X-rays (14 150 keV) SW/ft—BAT count rates

outputs
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- MIR- X-ray Relation

‘ ~There eX|sts a WeII e
| fdocumented trend between
~ the MIR and soft X-ray flux..
- The more obscured the = e
~ source is, - the farther off t
: -'Ilne it W||| faII

o

Sy 1-1.5 (log Ny < 22)
Sy 1-1.5 (log Ny > 22)
Sy 1.8-1.9 (log Ny < 22)
Sy 1.8-1.9 (log Ny > 22)
Sy 2 (log Ny < 22)

Sy 2 (log Ny > 22)
CT-AGN

T Na N a
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. Asmus et al. 2015



. Soft X rays are prone to absorptlon
Therefore we use two ratios from the o
'_ZSXF’S catalog (SW/ft-XRT) coverlng three
= X-ray bands ; - -

meims
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e : .':S'ir.hulétjqns by.X. Zhao



e BATobservesthehardX-~ -
~ ray sky from 14-150 k‘eV”
~ While less affected than
. _soft X-rays, hard X-rays (>
~ - 10keV) display mcreasedf-:
L _’curvature W|th NH

SCgaT
—342 xA—-082xB+165xC+358xD

Total Rate

Spectral Curvature

® SCBAT
v SC NuSTAR

. A= 14 20 keV = f- —==~ CT Selection
~keV v,;v' g o :

: : S 4 6 8 10
B=20- 24key . MiD=g5:E0C L LT I
: ...~ Kossetal: 2016 .




' R_eﬁsijlfts‘_" '

: ~‘ML NH predlctlons VS X—ray;'»‘-:'.!' :

imeasured NH values
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L|ne of-SIht power Iaw IntrlnS|c

AGN emISSlOH from the corona
with a hlgh energy Cutoff at -

- energies between 300-500 keV?"-: e

- Reflectlon hum, Reprocess ’
. _.|ntr|nS|c em|SS|on reflected'

. - 'Fluorescent Ilnes Causved by
- _*ireﬂectlon the predomlnant I|ne

being the Fe Ka at 6.4 keV.

keV? (Photons cm™2 571 keV™')

X—ray Spectrum of an AGN
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- Feature Importance

o Parameters usmg Soft X-

Percent Difference

Wise colors Flux Ratio Soft XR BAT Ct Rates
Input Parameter

- rays were the most valuable - IE
- 7’|n trammg our algorlthm |
e “MIR"=6 WISE colors 25
o MIR - X-ray flux ratio - e
_*_f“Soft XR'=2 HRs + M c |
. X- ray flux ratro | .




Tralnlng the Algorlthm

o_ Started Wlth 1390 AGN from BAT 150 MOnth catalog
- - e 568 had reliable NH measurements dnay
o 451 had XRT and WISE data |




" _.-361 in our sample are from the BAT 70 month catalog((Rmca et al 2017)

Physmally mot|vaté?d,- Hﬁodels llke”__‘MYTorus or Borus e




' NH Classifications

'-U"°'°S°“red 36 e

CT Log(NH) > 24 C—thm 23 < Log(NH) < 24
Obscured 22 < Log(NH) < 23 Unobscured Log(NH) < 22




Obscured vs Unobscured

| Classmcatlon o Real Number My Work Asmus15 o ‘Pféiﬂezz

= UnO_b.S‘?L_'red-‘_ o < 36 28 3 St e S e

% Cdrfe(;t; Gene

o. Our algorlthm IS superlor at |
o |dent|fy|ng unobscured AGN,
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: Re‘smfts'j ‘

‘ ~‘ML NH predlctlons VS X—ray
. :measured NH values ——
. ® Spearman correlatlon | == log(NH)=21
{ ==+ log(NH)=20
- coefflc:lent O 86

3
Energy (keV)




(Combenia g PMthd

9 Asmus et aI 2015 e
; . Speal‘man O 65 : .‘ . ® This Work

Asmus NH

7 -
3) = (14.37 £ 0.11)

Fnu"( I2 m ere s*l ‘l“z
+(0.67 £ 0.11) log um) ergs” /em' )
Fo(2— 10keV)  mly

Predicted LogNH

20.5 A

20.0 T T T T T T T T
20.0 20.5 : 215 220 225 23.0 235 24.0

Measured LogNH




- Comparison with preViousMe’thods_;*-‘e-.i? e

14 sources predlcted to be CT .
accordlng to Koss et aI 2016 | | e This work
OmyZam  ¢ - e

SCAT
—342 xA—-082xB+165xC+358 xD
Total Rate .

Predicted LogNH

rd
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* Future Work

. We applled for S|multaneous
o NuSTAR XI\/IM Newton
:'observatlons of 6 AGN W|th L
o predlcted Log(NH) > 23 80.
o Useit on Iarge source catalogs-,.
i _ff(XI\/IM & Chandra) to getanNH |
. (estlmate for many AGN at oncev_j."'?:-'-".'f"":;L}f :
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. Waysto'mproe theAlgonthm e

NuLANDS sample has ~100 AGN
A_ _‘Wlth NuSTAR conflrmed NH -
- values. Add these sources to my v
. tralnlng sample e
- Look |nto addlng other paramete
~ suchas XRT Photon Index and
o ':redder MIR (IRAS) data. '*
‘e Find hlgh z heavrly obscured
sources . o

XRT Photo Index




- .T_e‘S‘t“‘i‘rig ‘Ag éi nét ‘ H‘ig h-Z SOU‘rCé.S i .

NH Pred for Sourcesw z > 1

o There are 14 sources in my
tralnlng sample wrth z > 1, and 4

- Wlth Z> 3. f/fi- t:;.

- Our algorlthm correctly classrfles
10/14 (71 %) as unobscured




CWAAW2 VS WA

host only

' -'-"Rd\'t/il'os'é’c al: 2014

(Sewn) 9'v]-[ve

" WISE Colors







Pfeifle etal. 2022

. Very Iarge scatter |n the data .' i
» Final sample used 456 AGN
:compared to 152 from Asmus et

log(L; - 10kev, Obs. /L12um)

Asmus et al. 2015
Samples
Realisations

Data
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o Smaller data sample than F’felfle
° Only used 152 AGN, aII with Log(NHf
22 8 (colored pomts m the plot)_ '

log Ny: [cm?]

W Sy 1-1.5 (log N, > 22,

® Sy 1.8-1.9 (log N, > 22.

@ Sy2(log Ny >

A LINER (log N,
Sy 1-1.5 (log N, A
Sy 1.8-1.9 (log N,, < 22.8)
Sy 2 (log N, < 22.8)
LINER (log N, < 22.8)

C Compton-thick

® X-ray unreliable

1 2
log F(12um)/F***(2-10keV)




~ Standard Error for Correlation Coefficlent =~~~

_#—086

» Nn=91 (number of
- T'Sources In test e
. o sample) jf i




