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HSC-SSP

Hyper Suprime-Cam (HSC)

4 https.//hsc.mtk.nao.ac.jp/ssp/instrument_jp/




HSC Subaru Strategic Program (HSC-SSP)
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HSC-SSP

AGN sciences with HSC-SSP: Publication Status
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HSC-SSP
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HSC-SSP
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HSC
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(see e.q., Ishino+20, Li+20)
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SDSS HSC
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(Toba+15) (see e.q., Silverman+20, Tang+21)
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TR TER S W T E AR EHR TREWLWAGN IR AGN

Dust-obscured galaxies (DOGs) Radio-loud DOGs
(Fukuchi, Ichikawa-+)
i - [22] > 7.0 (AB mag) |
IR-bright DOGs
IR = RS

(EES € ¢ ~ 107 [Mpc 9] % BluDOGsS

DM halo mass Mhn ~ 10136 Me % (Noboriguchi+)
Mstellar ~ 1010 M@ 5

- 7, 37
2EEHE - EIPAE

SFR ~ 102-3 Me/yr v
Maust ~ 108 M@ 7
Mgas ~ 100 Mo~ A

Compton-thick AGN

TR = 06 S AR A AR 3R]

|IR-faint DOGs

\Q
PN
7
ot
>
AL
gl

See Toba+15,16,17abcd,18,20ab; Noboriguchi+19, 22, 23; Fukuchi+24
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Yutani, Toba, et al. 2022, ApdJ, 936, 118
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TR TER S W T E AR EHR TREWLWAGN IR AGN
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&K THH S W ER[HREIR TEWVAGN Radio galaxies

A Wide and Deep Exploration of Radio Galaxies with
Subaru HSC (WERGS) »

A (BREEX)

SDSS level HSC level . .
- T TEIS LT —

AR HR THEVVERAI

 Paper |: Yamashita et al. 2018, Apd, 866, 140

 Paper ll: Toba et al. 2019. ApdS, 243, 15 A=A (NAOJ)
 Paper lll: Yamashita et al. 2021, ApdJ, 921, 511

 Paper |V: Ichikawa et al. 2021, ApdJ, 921, 511

 Paper V. Uchiyama et al. 2022, ApdJ, 926, 76

 Paper Vll: Uchiyama et al. 2022, Apd, 934, 68

 Paper IX: Uchiyama et al. 2022, PASJ, 74, L27

 eFEDS: Ichikawa et al. 2023, A&A, 672, A171
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&K THHS W ERREIRTEWVAGN Radio galaxies

galaxies (ERGs)

New parameter space for HSC-RGs Extramely radic-iouc

imag [AB mag]

[ HSC-FIRSTRG | M= o =

1o P . We explore a new
087 E(B'V)f. e parameter space
N (luminous RGs at z > 0.5)

| |
Dusty
Less massive

1056 RGs

Compiling
multi-wavelength data
(optical-IR-radio)

e 2ol - . NRGs
= - mgm n ]_0 - -
Derive physical quantities ] I SR ngh SFR 5 E‘g’gfrest“) High AEdd
based on the SED fitting High LAGN P o8 - (I0gR rest > 4)
10* .
~ SED fitting with CIGALE .
102 _cé) 0.6
_ Q
> SF ’ — | _ _ 0.4 1N
£ 10 013 Classical view of RGs _ |
Wy [ | Z N2[ e, Gals SeatE : 2 e N =
10-2 2l P 'f-‘, s No dust 0.2 | | |
Stellar = 10 Massive host 00 | | | |
107" s L SO o MBI : - | | ' | |
10° 102 10* 108 00 05 10 15¢ Low SFR E 33 34 B> 3 37
rest wavelength [um] redshift : log(sBHAR)[erg s™'/M ¢ ]

18 Toba, et al. 2019, ApdS, 243, 15 Ichikawa et al. 2021, ApdJ, 921, 511
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eROSITA-AGNY 1 TV R X-ray AGN

Spectr—Roentegn -Gamma (SRG) rosa | ARTXG
PERMIYDOHEBXFRIEZT VY3 Y Energy band 03.10 150

-2019&73139(&7&(7 (keV) |

- ROSATLLE, $20F 30 DXIREXEFEENEE FoV 1 36’

eROSITA ART'XC AnQUI.ar ~15" ~45"

extended ROentgen Survey with an Imaging Telescope Array Astronomical Roentgen Telescope X-ray Concentrator reSOlUt|On
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O
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20 Predehl et al. 2022, A&A, 647, A1 Pavlinsky et al. 2021, A&A, 650, A42 Energy [keV]




eROSITA-AGNY 1 TV R X-ray AGN

eROSITA mission % eROSITA All-Sky Survey

CMHE(C] @REERF Y (eRASS)T
. ZN%E8EIRNRT (eRASS1-eRASSS)
1272 L. Cal-PV 7 T4 X33

Cal-PV
eRASS

21 Predehl+21




eROSITA-AGNY 1 TV R X-ray AGN

EREEETARET —IBRHT IV

started completed Data release

Cal-PV October 2019  December 2019 EDR (2021)

eRASST December 2019

June 2020

DR1 (2024)
eRASS2 June 2020 December 2020
eRASS3 December 2020 June 2021
eRASS4 June 2021  December 2021 DR2 (20257?)

eRASSS5 December 2021 ?

eROSITA was put into safe mode on 26.02.2022 and is currently not taking data 59




X-ray AGN

Our deepest view of the X-ray sky

SRG/eROSITA 0.3-2.3 keV (RGB)

* ~1.1 million X-ray sources (~80%: AGN).

» 20,000 galaxy clusters -x30 lv

uptoz ~ 1.

© MPE

23 Predehl et al. (2020) Merloni et al. (2012)



eROSITA Final Equatorial Depth Survey (eFEDS)

2 deg 140 deg? exposures for ~2.5 ks.

e ~27,000 X-ray point sources were detected (~85%: AGN).

» ~99% sources have the optical counterparts of the Legacy Survey DR8 (LS8)
and Subaru Hyper Suprime-Cam (HSC).

e ~24% sources have spectroscopic redshifts (the number of spec-z sources
will be increased through the SDSS |V collaboration).

pr: Brunner et al. 2022, A&A, 661, A1: Salvato et al. 2022, A&A, 661, A3
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HSC-eROSITA AGN working group (since 2018~)

Ootical HtS?-SSPd _ MoU « eR(t)?lTA'DE e April 23-26, 2018 @ MPE (face-to-face)
y cal catalogs and images * X-ray catalogs
Pt J mag y catdiog . May 13-16, 2019 @ MPE (face-to-face)
-Morphology - X-ray images
- Photo-z 'X'ray spectra e Jan 23, 2020 @ KyOtO U. (HSC'AGN
meeting joint section, online)
Mara Salvato Yoshiki Toba Tohru Nagao Johan Comparat * July 6-9, 2020 @ zoom (eROSITA-DE
Consortium Meeting, online)

AT A2 A3 A4 e June 21-24, 2021 @ zoom (eROSITA-DE
eFEDS catalog Muiti-A analysis SMBH evolution  AGN clustering Consortium Meeting, online)
Sub-project Pls Sub-project Pls Sub-project Pls Sub-project Pls

Y.Toba M.Salvato || Y.Terashima M.Brusa M.Akiyama J.Wolf M.Akiyama J.Comparat
J.Silverman A.Merloni W EEEE T.Liu Y.Ueda K.Nandra
T.Boller
K.lchikawa A.Merloni
M.Ogquri G.Lamer

T.Kawamuro A.Rau
U.Kobayashi A.Merloni

20194 eROSITA-HSC collaboration metting @ MPE (C T
25

~50 colleagues from eROSITA-DE and HSC belong to some sub-projects and working together.




X-ray AGN

eROSITA-AGNY1 IV A

HSC-eROSITA AGN working group (since 2018~)

Ootical HtS?-SSPd. MoU X eR??lTA-DE e April 23-26, 2018 @ MPE (face-to-face)
- P o 91085 ANt ITEgEs ray catalogs + May 13-16, 2019 @ MPE (face-to-face)
 Mornholnav * X-rav imanes

HSC-eROSITA collaboration ZiE U T
eROSITA internal data IcED <
AGN*T4I/173 CcE5 !

T. BoIIe
K.lchikawa A.Merloni

M.Oguri G.Lamer

T.Kawamuro A.Rau

U.Kobayashi A.Merloni _ .
20194 eROSITA-HSC collaboration metting @ MPE (CT

J.olivelllidl | AL IVICTIOUI | Klwasawa

~50 colleagues from eROSITA-DE and HSC belong to some sub-projects and working together. o5
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eFEDS-AGN catalog

e 21952{ADAGNIC D W TXEISIR A N

- Bayesian spectral fitting code (BXA: Buchner+14) Z{£>T, &g  Measaae  E=RSL
I8 (e.q., photon index, NH) Z3t& Teng Liu
= s o _ MPE
* Photo-z @31t&E Tl& HSC-based photo-z (ANNz: Nishizawa+) ® M
{#H (see also Salvato et al. 2022, A&A, 661, A3),
104'; all
103
§ 10°
=
101
109 - | | , . .
20 21 22 23 24
26 log Ny (cm™2) Li et al. 2022, A&A, 661, A5




eROSITA-AGNY 1 TV R X-ray AGN

eFEDS-AGN catalog

e 21952{ADAGNIC D W TXEISIR A N

- Bayesian spectral fitting code (BXA: Buchner+14) Z{£>T, &g  Measaae  E=RSL
I8 (e.q., photon index, NH) Z3t& Teng Liu
= s o _ MPE
* Photo-z @31t&E Tl& HSC-based photo-z (ANNz: Nishizawa+) ® M
{#H (see also Salvato et al. 2022, A&A, 661, A3),
104'; all
103
§ 10°
=
101
109 - | | , . .
20 21 22 23 24
26 log Ny (cm™2) Li et al. 2022, A&A, 661, A5




eROSITA-AGNY 1 TV R X-ray AGN

eFEDS-AGN host properties viewed with HSC

Junyao Li

+ eFEDSTER DD > 72AGNICXF LT, HSC image 2D- (Univ. of llinois )
decomposition ZA W\ TR D Z L datallmodel il data-PSF
» X-ray AGNEHR(EF < T, T/ - PBEERI(E
EERCEEIN BB SRR O gEE Z R IE

eFEDS-AGN host
Non AGN

SDSS quasar host

eFEDS-AGN host
Non AGN

% SFGs are classified by urz diagram (Kawinwanichakij+21). Li et al. 2024, MNRAS, 527, 4690 27
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eROSITA view of WISE-AGN 7,088{BMeROSITAKRE WISEXRK

X§RAT VXY
eROSITATE M o7z 6921EMDWISE sources (X UT, 01 04 <2< 095095 < <0505 <2<
SED flttlng *E%Eeﬁh L. ¥YIBEEZEtE | _ - 0.2-10 keV

o

o
(&)

=
o

10* ' '
2' ID = 28179 (z = 1.15) i J/L -0.5
101" reduced x? = 1.47 i i —1.0
- . -0.50.0 0.5 -0.5 0.0 0.5 -0.50.0 0.5 -0.50.0 0.5
ol e .
T d 'Il'ypNe 12'16‘?N 2 y
' o 0000 e” 0 <21.5 cm
E 10—2_ 104 T — ( g H ) [ 0.5
— C
< 4+ .eROSITA SFEL- Type 2 AGN c
100k Q -0.5
: - (log Nu = 21.5 cm-) S
-6 10°2F _ = 1.
10 12_4 S e”K _ — ~0.50.0 0.5 ~0.50.0 0.5 ~0.5 0.0 0.5 ~0.50.0 0.5
10 _ . _ 0.1 I... | 10,0 100.0 . — T)' 1.0
1 04 T T T T T T T - @ eFEDS—-W4-X subsomple O
- D = 770 (z = 1.82) \L \ﬁ/ .'T_' 46 - *eFEDS—W4—nonX stacked sample .o . = 02
10%| reduced ¥? = 1 \L ] @ i R T < 0.0
X = .56 (@)) * . '.o‘.“ A7)
0 - J* o - '.-::. -”-‘.f-;'g‘f :‘:’ -0.5
10 josniees e - a4l el BRIETE e 1 1.0
e , i o > R ‘...‘..g.-.." bt l -0.50.0 0.5 -0.50.0 0.5 -0.50.0 0.5 -0.50.0 0.5
-2 L X 2 el -
£ 107eROSITA W - w RS e 0
D i — | .... l 4 ... d 1 _
10—4_ \(I\l/ 42 | l et .'.:o‘.-* * 0.5
_ i :; e 1 0.0
10 | TS ¢ 0.5
i L 40 ! -
1 0_8 ! : ! - -1.0
10~ 1072 S . -0.5 0.0 0.5 -0.50.0 0.5 -0.50.0 0.5
0.01 0.10 1.00 '
rest wavelength [um] redshift A R.A. [orcmm]

28  See also, Toba+21, Brusa+22, Comparat+23, Ichikawa+23, Musiimenta+23, lwasawa+24 Toba et al. 2022, A&A, 661, A15
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eROSITA A" Sky Survey (eRASS) Release date: January 31, 2024

https://erosita.mpe.mpg.de/dr |

- 2019F12AN52020F1 1B X TOEHUT—5
- FI93 HEDMXERKA (0.2-2.3 keV TIRE) HUXER

75 75
60 60
45 45
30 30
15 15
. Z E 3 S E s g
S Q = S S - o G <
g o o o © Al — — QY
-30 -30
-45 -45
.60 -60
-75 -75
-90

29




eROSITA-AGNY 1 TV R X-ray AGN

eROSITA A" Sky Survey (eRASS) Release date: January 31, 2024

https://erosita.mpe.mpg.de/dr |

- 2019F12AN52020F1 1B X TOEHUT—5
- FI93 HEDMXERKA (0.2-2.3 keV TIRE) HUXER

75 75
60 60
45 45
30 30
15 15
v 2 2 2 = E S S s
5 — o Q S = © T c
o © © © © o — 1— o
o ™
-30 -30
_45 -45

-75

29 Merloni et al. 2024, A&A, 682, A34
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eROSITA All Sky Survey (eRASS)

Merloni et al. 2024, A&A, 682, A34 30




eROSITA-AGNY 1 TV R X-ray AGN

eRASS1 TIPS

- BBHHOD
 Optical counterparts (TBA)
» AGN spectral properties (TBA)
» X-ray variabllity (Boller et al. 2024)

)
N
N
wfd
L,
O
e
©
oC

+ 128,669 (net count > 10) Kk, S e
5579{14:(:@@@951@%% D 3 W.I O% -*% Boller et al. 2024, A&A, submitted

EHAGN

» 725w D R EBRIE (Tubin-Arenas et al. 2024, A&A, 682, A35)

- X-ray stacking (k)

31



https://erosita.mpe.mpg.de/dr1/AllSkySurveyData_dr1/Catalogues_dr1/

eROSITA-AGNY 1 TV R X-ray AGN

eRASS1 TIPS

- BBHHOD
 Optical counterparts (TBA)
» AGN spectral properties (TBA)
» X-ray variabllity (Boller et al. 2024)

)
N
N
wfd
L,
O
e
©
oC

+ 128,669 (net count > 10) Kk, S e
5579{14:(:@@@951@%% D 3 W.I O% -*% Boller et al. 2024, A&A, submitted

EHAGN

» 725w D R EBRIE (Tubin-Arenas et al. 2024, A&A, 682, A35)

- X-ray stacking (k)

31
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AGNODFIH & IRIEFNE AGN environment

AGN®D FIR & FRIFENR Cluster-Cluster

Mergers
AGN activity
e AGN fraction S—
e Number fraction /
e Power fraction \ Galaxy-GaIaxy

Mergers

ONASA, ESA

(See also, e.g., Shirasaki+18, Onoue+18, Uchiyama+18, Shirasaki+20, Uchiyama+20) 33




AGN environment

HSC-selected galaxy clusters (CAMIRA)

A Cluster finding Algorithm based on Multi-band Identification of Red sequence RES A (FEKX)
gAlaxies (Oguri 2014) is applied to the HSC data (Oguri et al. 2018). 1.4 I
Survey area . . Number h R
q y ) Redshift Richness . 2 £
(deg?) Cluster Member galaxies <
~1027 0.1<za<1.4 > 10 27,037 1,052,529 2y, I
0.2 spec-z 1.4
......................... o :;S_A_utu[nnfield 103§
3000 |- - \ S H :
107 [ 5 0 -5 | | | 1002
L - 40 20 0 -20
€ 2000F 4 g 10°r i @ 5 Spring field Hma
3 3 = | g E
O C 7 O 10%F - ERCRE 554 T E 2
1000 | : 1 D - 220 200 180 160 140 0
L B 10 _ § He_ctotnd_ap o 102 5
| W ] L
0.2 0.4 0.6 0.8 1.0 1.2 1.4 20 40 60 80 100 120 140 160 A 42 - = SaENEY BT -
cluster redshift Richness 24ORA [dzezg] 200

See also e.g., Lin+17, Jian+18, Nishizawa+18, Okabe+19, Chiu+20ab, Murata+20, Ota+20, Dalal+21, Ishikawa+21. Okabe+21, Shimakawa+21, Willis+21, Ota+22. 34




CAMIRA gallery
Nmem > 100

2 arcmin




AGNODFIH & IRIEFNE AGN environment

#Ry0]

AGN number fraction e/  exvisn
® ®AGN

- ZRE (RN EFE. X&) TAGNZ[EE . AGNDE
+ AGN number fraction Z3t& BT Xun—smmoK EOxA (ZEL)
 AGN fraction 7 1r—ILK &
AR TESEShHEmLDh ? e AGN fraction (& BRI D HIHER
« AGN fraction (3 A RIZIC ENEEETEWEHBDDH ?

KEFETHDH?

Hashiguchi, Toba, et al. 2023, PASJ, 75, 1246 35




AGNODFIH & IRIEFNE AGN environment
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AGNODFIH & IRIEFNE AGN environment
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AGNODFIH & IRIEFNE AGN environment
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AGNODFIH & IRIEFNE AGN environment

#Ry0]

AGN number fraction o?  exvi—@m

® ®
®o o ®AGN

- ZREK (. K. X#R) TAGNZ[EE ® O ) AGNDEL
AGN = N -
- AGN number fraction Z:t& ® XYVN=RADE  mrap @=my
o e Cluster 0.012 - + 0.0028
—~ 0.012 - , ®
z e Field 0.0026-
WS 00107 ~ 0.010 0 0094
S 0.008 - c<2% | ! |
O 4 _
4% 0 006 - B oos 0.0022
“= 0.004 - . 9 0.0020 ¢
= O o
(7 0.007 - g 0.006 0.0018 - t
= 0.0016-
O
AGN fraCthn ‘j: f\ﬁﬁ*z << 0.004 0.2 0.4 0.6 0.8 1.0
Field
KT 3 e e

V. U.4 U.0 U.0 1.V 1.z 1.4 ﬁE;ﬂ_ N OiZ Oi4 Oi6 Oi8 110 fE/DJ ~J

redshift < Distance from cluster center (R/R>q0)

==V M HEER
Hashiguchi, Toba, et al. 2023, PASJ, 75, 1246 e 35




AGNDFIR & IRIBETNER

- R (R K. X#R) TAGNZ[EE

AGN number fraction

- AGN number fraction Z:t&

0.014 -
e C(Cluster
~— 0.012 A1

5 e Field

N fraction (

ﬁ
J
D -
>
-
O

AGN fractlon IIRATIRE

ICikTE 9 B

U.Z V.4 V.0 V.0 1.V 1.4 1.4

redshift

Hashiguchi, Toba, et al. 2023, PASJ, 75, 1246

AGN environment

iR, 0] 1
® O AGNDZL
fagN = ————
® XYN=RADE  gnap @mak)
0.012 - 0.0028
+ 0.0026 -
’; 0.010- 0.0024 J
3 1< 2RI [E] I=I='IL,\’CAGN
fraction D \&WL)
Field
0.002 - ¢ o ° ®
BROA] [ 0.2 0.4 0.6 0.8 1.0 SEST R
== Distance from cluster center (R/R3q0) IS
- 35




AGNODFIR & IRIETHR AGN environment
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AGNODFIH & IRIEFNE AGN environment
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AGNODFIR & IRIETHR AGN environment
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SEDOEE X-ray AGN
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SEOREE X-ray AGN

A citizen science: GALAXY CRUISE

GALAXY CRUISE collected over two million independent classifications of 20686 galaxies at z < 0.2. A (NAOJ)

A https://galaxycruise.mtk.naoc.acjp/en/ Tanaka et al. 2023, PASJ, 75, 986




SEDOEE X-ray AGN

GALAXY CRUISE (HSC) vs. GALAXY Z0OO (SDSS)

P (int.): the fraction of people who vote for integaction

P (int.)

GALAXY ZOO2 (SDSS)

GALAXY CRUISE (HSC) 42




SEDOEE X-ray AGN

GALAXY CRUISE (HSC) vs. GALAXY Z0OO (SDSS)
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SEROEE X-ray AGN

racting galaxies in the eRASS1-HSC footprint
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SEROEE X-ray AGN

racting galaxies in the eRASS1-HSC footprint
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SERDOEE

PFS-SSP

17 1 hr exposure, SN =5

Prime Focus Spectrograph
/ | 5 e
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https://pfs.ipmu.jp/research/performance.html
Red
Spectral arms Blue NIR
Low res. : Mid res.
Spectral coverage [A] 3800-6500 6300-9700 :  7100-8850 9400-12600
Spectral resolution [A] ~2.1 ~2.7 ~1.6 ~2.4
Resoving power ~2300 ~3000 ~5000 ~4300
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ZEROESE PES-SSP

PFS'SSP Galaxy
Cosmology = Evolution
« BEFRBTHAIBORDERAISTIES N\ 7
+ 3DDPAIVRDEE Galactic

archaeology
- Cosmology (CO): HSC-wide 7813,

- Galaxy evolution (GE): HSC-Deep 7813,
 (@alactic archaeology (GA)

« AGN subWG (chair: E&3)

. (1 EBOERICE T TH A TV e
©Y =T v MERZEREP

From Kiyoto Yabe’s slide.
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SEOELE Euclid/LSST

AGN sciences with Euclid and Rubin/LSST

LSST-dark AGN El:glg HSC-dark WISE sources
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Summary
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