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One slide recap: Active Galactic Nuclei

U Honig 2016
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- SMBH and galaxies co-evolve
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« SFRD and BHAD
track each other

* MsH VS Mpuige relation

* Downsizing

Do these relations hold at high redshift?
And how are they established?

Dominance

e.g. “overmassive” high-M BH (e.g. Walter+04, Wang+13, Barnett+15),
“undermassive” low-M BH (from simulations, e.g. Habouzit+16)?



Galaxy vs. AGN luminosity functions
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Need to improve our knowledge of AGN at high-z!




N.QSOs

DESI,

DECaLS,
HSC
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Selection of high-z QSO candidates

Quasar J1342 4 0928 at z = 7.54
ZDE,30 > 23.32 J1 =20.73 £0.03 J = 20.30 £ 0.02 H = 20.16 £ 0.03 Ks =20.10 £ 0.04

Observed wavelength (pm)
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Blue continuum emission
Lya forest (1<1216 A)  (by selection only Type | QSOs!)

Lyman bre;k (1<912 A) (but see Matsuoka+16,17,18,19)

Virial BH mass estimate



SMBH Mass (Mg)

Optically selected zz6 QSOs are extremely massive!
|OQ(M_BH/MSUH)~9-1 O (with large uncertainties, e.g., Wu+15, Banados+18)

N lzumi+19
10 —
Z=z 0 4
<> [ ‘}
. V. b
10° . A !' g
e T ¢
r' ,/
¢k e T
108 A Jeteall )
o -
’./ (D v HSC quasar
- _ @® Other LLQSO
¢ Luminous quasar
=== Kormendy & Ho 2013
0]7_010 1011

-23

-24

L 251

Dynamical Mass (Mg )

—26

=27

—28

=K 1 ,,

Mpy (M)

10° 3

10" |

10°

I
% Stars/Early-type BCG Z ~ O ,
- % Stars/Early-type non-BCG g
f  ® Gas/Early-type BCG o ; ' |
| ® Gas/Early-type non-BCG £
. @ Gas/Late-type & == p
. N6
A Masers/Early-type W =
[ A Masers/Late-type S O T
N3377 b = i ‘
M31 P2 CalY N7052
ﬁ 2 ,1N1316
N4596 700 N3607
|N
P ]
=% 1
g McConnell&Ma 2013
s Circinus |
/s .{'_ipq h——;——*
7/ r." M64
< . L 1 1 | l
60 80 100 200 300 400
o (km/s)

How can you form such massive BH in <1Gyr??



Optically selected z=6 QSOs are extremely massive!
|OQ(M_B H/MSUH)~9-1 O (with large uncertainties)

(e.g., Mortlock+11, Wu+15, Banados+18, Yang+20)
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SMBH formation

‘light seeds” “heavy seeds”
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Testing accretion mode (accretion disk + hot corona)
X-rays

optical-UV
Lusso&Risaliti 2017

Courtesy of W.N. Brandt gas™ ' rad
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(e.g., Steffen+06, Just+07, Lusso+10,+16, Nanni+17)

Hot corona contribution decreases at
high luminosity

—2.0 1

'j’rv No (strong) evolution with redshift
| | AL Martocchia et al. (2017) 4+  Just et al. (2007) (e.g. Lussoé&Risaliti 2017)
: === Nanni et al. (2017) WISSH quasars but poorly sampled at Z>6!!
95 - PG quasars ® 2z > 5.6 quasars
Lusso et al. (2016) —&— J1342 + 0928
|
28 29 30 31 32 33 i
log (L 0 /erg S_l HZ_1> Risaliti&Lusso 2019
2500 A 50 |

-
————-
-
-

. . . . 45 !
Possible implications for cosmology -
(Risaliti&Lusso 2018)

Distance modulus

40

Distance modulus
FN
o

w
()]

35 ||




X-ray photon index (') as a probe of accretion

N(E) E_r I" includes information on the physical conditions (e.g. temperature)
X of the hot corona and its interplay with the accretion disk
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New Chandra observations of 10 z>6 QSOs
Chandra Cycle 19 Large Program (~430 ks, PI: Brandt)

c Table 1. Physical properties of the z > 6 QSOs with new or archival X-ray observations. Vit 19b
N
= L .
S RA DEC z My=0a (My4504) log(—Lb—S—l— Ref. (disc./z/Mpgg)
> (1) (2) (3) (4) (5) (6) (9)
P
m New targets
CFHQSJ0050+3445 W00:50:06.67  +34:45:21.65 6.253 (Mg II) —26.70 (20.11) 13.45 W10/W10/W10 < 11.4
(7)) VIKJ0109—3047 D1:09:53.13  —30:47:26.3 6.7909 ([C II]) —25.64 (21.30) 13.06 V13/V16/M17 < 34.1
0 PS0OJ036+03 )2:26:01.87 +03:02:59.4 6.541 ([C 1I]) —27.33 (19.55) 13.67 V15/B15/M17 < 2.1
o VIKJ0305—3150 )3:05:16.92 —31:50:55.9 6.6145 ([C II]) —26.18 (20.72) 13.26 V13/V16/M17 < 20.0
SDSSJ0842+1218 N8:42:29.43  +12:18:50.5 6.0763 ([C II])® —26.91 (19.86)% 13.52 dR11/D18/dR11* < 1.3
PSOJ167—13 11:10:33.98  —13:29:45.6( 6.5148 ([C I1]) —25.57 (21.25) 13.03 V15/M17/M17 < 34.3
CFHQSJ1509—1749 f15:09:41.78  —17:49:26.808 6.1225 ([C I1I])@ —27.14 (19.64)% 13.61 WO07/D18/W10% < 1.2
QO CFHQSJ1641+43755 16:41:21.73  +37:55:20.15 6.047 (Mg II) —25.67 (21.09) 13.07 WO07/W10/W10 < 10.5
PSOJ338+29 22:32:55.14  +29:30:32.31 6.666 ([C II]) —26.14 (20.78) 13.24 V15/M17/M17 < 21.0
Z DSSJ2310+185 23:10:38.89  +18:55:19.93 6.0031 ([C II]) —27.80 (18.95) 13.85 Wal3/Wal3/J16 < 3.9
#>0s with previous X-ray data
DSSJ0100+280 01:00:13.02  +28:02:25.92 6.3258 ([C II]) —29.14 (17.69) 14.33 Wul5/Wal6/Wul5* < 1.2
© ATLASJ0142—3327% 01:42:43.73  —33:27:45.47 6.379 ([C 1I])% —27.82 (19.02)% 13.85 — - C15/D18/— < 4.2
wfd CFHQSJ0210—0456 W 02:10:13.19  —04:56:20.90 6.4323 ([C II]) —24.53 (22.33) 12.65 7.90 1.76 W10/W13/W10 < 28.1
(qv) CFHQSJ0216—0455 W 02:16:27.81 —04:55:34.10 6.01 (Ly o) —22.49 (24.27) 11.91 — — W09/W09/— < 23.1
O SDSSJ0303—0019 03:03:31.40  —00:19:12.90 6.078 (Mg II) —25.56 (21.21) 13.03 8.61 0.81 JO8/K09/dR11* < 11.4
SDSSJ1030+0524 0:30:27.11 +05:24:55.06 6.308 (Mg II) —26.99 (19.84) 13.55 9.21 0.68 F01/K07/dR11* < 1.5
— SDSSJ1048+4637¢ 0:48:45.07  +46:37:18.55  6.2284 (CO 6-5) —27.24 (19.57) 13.64 9.55 0.38 F03/Wal0/dR11* < 0.5
© ULASJ1120+40641 1:20:01.48  +06:41:24.30 7.0842 ([C II]) —26.63 (20.38) 13.42 9.39 0.33 M11/V12/M17 < 0.7
> SDSSJ1148+5251 1:48:16.65 52:51:50.39 6.4189 (CO 6-5) —27.62 (19.24) 13.78 9.71 0.36 F03/Wall/dR11* o.7f8-§
- SDSSJ1306+0356 13:06:08.27  +03:56:26.36  6.0337 ([C II])® —26.82 (19.94)% 13.49 9.30 0.48 F01/D18/dR11*% < 1.5
L ULASJ1342+40928 13:42:08.27  +09:28:38.61 7.5413 ([C II]) —26.76 (20.34) 13.47 8.89 1.14 B18a/V17/B18a < 4.7
(&) SDSSJ1602+4228 16:02:53.98  +42:28:24.94 6.09 (Ly o) —26.94 (19.83) 13.53 — — F04/F04/— o.sigg
e SDSSJ1623+3112 16:23:31.81 +31:12:00.53 6.26 ([C II]) —26.55 (20.27) 13.39 9.15 0.54 F04/Wall/dR11* < 2.3
< SDSSJ1630+4012 16:30:33.90  +40:12:09.69 6.065 (Mg II) —26.19 (20.58) 13.26 8.96 0.62 F03/104/dR11* < 2.2
1SCJ2216—00169 22:16:44.47  —00:16:50.10 6.10 (Ly o) —23.62 (23.16) 12.32 — — M16/M16/— < 40.9

Now we have 25 z>6 QSOs with sensitive X-ray data and can start doing
robust statistical analysis
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only extreme objects) and highest redshift regimes



New Chandra observations of 10 z>6 QSOs

soft band hard band full band
0.5-2 keV 2-7 keV 0.5-7 keV
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X-ray luminosity derived assuming “standard” I'=2 (e.g., Shemmer+06, Nanni+17)

ID L2_10kev Xox Aaox
[10%4 ergs 1]
+3.67 +0.07 +0.07
CFHQSJ0050+3445 6.6875 57 —1.719-07  —0.0270-07
VIKJ0109—3047 < 3.29 < —1.67 < —0.04
PS0J036+03 8.2075°92 ~1.7729%  —0.0570 9%
VIKJ0305—3150 < 3.79 < —1.72 < —0.06
+3.26 +0.09 -+0.09
SDSSJ0842+1218  4.3473-29 ~1.8179-99  —0.1179-99 —
PSOJ167—13 < 2.21 < —1.72 < —0.09 |
CFHQSJ1509—1749 10.3475 L2 1717007 0.01700% (V)]
+5.56 +0.03 +0.03
CFHQSJ1641+3755 33.397220 ~1.2870:05  0.357005 ®)
PS0J338+29 5.9212:99 ~1.641007 0.0170-07 bl
+5.02 +0.09 +0.09
SDSSJ2310+1855  6.931592 ~1.87199%  _0.12%0-99 Q
>
SDSSJ0100+2802  47.647527 ~1.7619-01 0.0710-01 ()
+4.98 +0.05 +0.05 Y4
ATLASJ0142-3327 13.69739% 1767095 —0.0170-0% =
CFHQSJ0210—0456 < 29.31 < —1.13 < 0.44 —
CFHQSJ0216—0455 < 2.70 < —1.21 < 0.24 I
SDSSJ0303—0019 < 97.70 < —1.09 < 0.54 ~
+1.27 +0.02 +0.02
SDSSJ10304+0524  10.7771°37 ~-1.6879-92  0.0379:02 -
SDSSJ1048+4637  4.2575°0% -1.8670°99  —0.15700%
ULASJ112040641  6.077}152 1727202 —0.037003
SDSSJ1148+45251 12.9472:%9 ~1.74720%  —0.0070-03
SDSSJ1306+0356  17.067 05 ~1.571202  0.12F0-92
ULASJ134240928 14.967595 ~1.5712:0% 0.1279-0%
SDSSJ1602+4228  37.047532 ~1.46700%  0.247003
SDSSJ1623+3112  5.0875 37 ~1.73129%  _0.0570 9%
+3.12 +0.05 +0.05
SDSSJ163044012  9.9273 12 ~1.57720%  0.09700°
HSCJ2216—0016 < 5.92 < —1.25 < 0.27

Vito+19b
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Qox

aox VS. Lyv relation extended at z>6
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;!e QSOs from L!JSSO+16

@ z>6 QSO0s (new obs.)
© z>6 QSOs (archival obs.) _
O z<6 QSOs (literature)

Compared also with
“ultra-clean” z=2 QSO sample
by Gibson+08

=

3.5

3.0

25

2.0

1.5

1.0

0.5

- Vito+19b

T
Il > 6 QSOs (detected)
z>6 QSOs(up. limits) =
=1 Gibson+08 (z=2)

6 7 38

No evidence for
strong evolution of

aox VS. Lyv relation
at z>6

No apparent relation b/w aox

and Mgn or Aepp, but small sample size
and large uncertainties



Bolometric correction: Lvo/ Lx
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1
J1539+0557
J2315+0143
J0028-2830
Hot DOGs (Vito+18)
Ricci+17
Martocchia+17
Lusso+12
Lusso+12
Duras+ (in prep.)
z>6 QSOs (new obs.) -
z> 6 QSOs (archival obs.) ..~

...

)
L1 L

* *
* *
* *
L 4 L 4
* *
4

Vito+19b
EEE

1043 @@?{

1044

1045 1046 1047
Lpo [€rg s71]

1048

Populate the luminosity regime
b/w “normal” AGN and
hyper-luminous QSOs,

and extend at z>6

Larger Kool at higher luminosities,
INn agreement with steeper aox

at higher luminosities

Change of the
accretion-disk/hot-corona
physics/geometry
at high luminosities/Aepp

but same change
at all redshifts



Average QSO photon index as a function of z
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Zz>6 QSOs (cts>30)

Nanni+17
Just+07
Shemmer+06
Vignali+05

edaniel I

z> 6 QSO0s (cts>30, joint fit)
z> 6 QSO0s (cts<30, joint fit)
z> 6.5 QS0Os (cts<30, joint fit)

Vito+19b

2 3

4
Redshift

Assumed simple power-law
emission, i.e. no reflection
(ok for luminous type-1 QSOs,
e.g. Comastri+92, Piconcelli+05,
Shemmer+05)

(Dy=2.1-2.2 for z>6 QSOs

Consistent with z=1-6 results

“Universal” accretion mode
(Aepp dependent,

redshift independent)

(but hint of a steepening?)



Qox

Ly _10kev [€rg 5711

Conclusion: No significant change of the QSO
accretion physics atz>6
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Same dependence on

luminosity

(i.e., Aepp?) at all redshifts

Possible implications for cosmology
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PS0167-13 (z=6.515): first heavily obscured QSO candidate at z>6!

soft band full band
H-2 keV 2-7 0.5-7 keV
J1110-1329
O y .
4
J1509-1749 -
[ . C 3
]1641+3755 .
& - @
"
i N i B
J2232+2930
Bl - -
- 7
. ® .
J2310+1855
O| '
Vito+19b -

5 arcsec

rR=1"(X)

0.5-2 keV

5 arcsec

2-5 keV

R=1"@®

Vito+19a

10 |

E xF(E) [arbitrary units]

0.01

IIIII

Gilli+07

100

1000

3 photons
(P=0.9996,

Weisskopf+07)

Relative emission

Is soft and hard bands
gives indications
of absorption level



PS0167-13 (z=6.515): first heavily obscured QSO candidate at z>6!

soft band full band
BH-2 keV 2-7 0.5-7 keV
J1110-1329
N
\_/ @ @ .
4
J1509-1749 -
[ ] il
]1641+3755 v
] - @
L) - 1 '!
i N i B
J2232+2930
Bl -
- B m ’ .
- () 1 ]
= &
J2310+1855
+ L w6
Vito+19a

S arcsec 0.5-2 keV S arcsec 2-5 keV
| 1
e n1 @
Vito+19a
a T Nu> 2 x 1024 cm-2
o L Gilli+07 _ at 68% confidence level
_ Nu> 6 x 1023 cm-2
E at 90% confidence level
500 s 1 First heavily obscured
= logNy=21.5 : .
= ! \ { QSO candidate at z>6!
E><:0_1 — " >25 \\ _:
- L/ (See also Connor+19, +20)
0.01 | \ 75111:3 2| ] 5 M EREE
0.1 1 10 100 1000

E [keV]



PS0167-13 (z=6.515): first heavily obscured QSO candidate at z>6!

X-ray to optical/sub-mm
offset of ~1 arcsec, but significant
positional uncertainty.

S5 arcsec 0.5-2 keV S arcsec 2-5 keV

R=1"®
galaxy
Why an optically type | QSO

is heavily obscured in X-rays?
- WLQ?

- BALQSO?

- Changing look QSO?

see Mazzucchelli+19

Lol Il | I I ] HST F140w ALMA [C I.!] + continuum
Lya —— average low-z QSO (0.25 ang. res.)
7 L2r PSO 167-13 * - sk
oL Zow =6.39
+ 10k z=6.515 |
Ig 0.8 CIv
o siiv |
L 06F | i
02 & T n7-0.0085
0.0 L L ! ! L L 1 see Willott+17,
' 1250 1500 1750 2000 2250 2500 2750 3000 l arcsec Decarli+18 1 arcsec

A [A] (rest frame)

see Venemans+15

Vito+19a o

Neeleman+19



PS0167-13 (z=6.515): first heavily obscured QSO candidate at z>6!

l\/enerrl1ans+]1 5, Vit[o+1 9 I

I

T
- observed spectrum -

1.4+
|Lya —— average low-z QSO 5 arcsec 0.5-2 keV 5 arcsec 2.5 keV

v 1.2 PSO 167-13 - ]
< 0.6/ Zay=6.39
'I' 1.0+ Zz=6.515 '5. _
m |
) 04 S
9 0.2 I
\CU 0.6~ c °1"1300 1400 1500 1600 1700 ] %
| Mg Il — ||( X)
g 0.4 I | - R=1
- galaxy

0.2

0.0 | | | | | | |

‘ 1250 1500 1750 2000 2250 2500 2750 3000
A [A] (rest frame) ]
VLT/XSHOOTER (11h) 7 Vito+19a

to obtain a rest-frame UV spectrum
with a higher SNR:
not observed (COVID)

see Mazzucchelli+19
HST F140w ALMA [C I1] + continuum

Chandra (120ks) e ¥ N
to confirm large Ny and
Improve positional accuracy:

conflicting results (Vito+ in prep.)
Magellan/FIRE (2 nights)
Get better UV spectrum: o, P
observed, but bad weather Y 15t

(Vito+ in prep.) 4 Neeleman+19

see Willott+17,
Decarli+18 1 arcsec




PS0167-13 (z=6.515): first heavily obscured QSO candidate at z>6!

New Magellan/FIRE observations: emerging Broad Absorption Lines in UV spectrum?

Flux [1071® ergcm™2 s 1 A71]

PRELIMINARY!!
Observed-frame wavelength [A]
10000 12000 14000 16000 18000 20000 22000
1.0 T : — — — : : : r :
Ly ;NV ;SI |V§C|V §C|||] ;Mg [l
: ? BALSiIV  BALC IV
—— PS0167 spectrum 2020 0.5 - Vmin= -9363 km/s -10804 km/s
0.8 - ::  —— background 2020 : Vmax=-22484 km/s  -21429 km/s
K —— PS0167 spectrum 2014 : EW= -14 A -19 A
------ continuum fit 2014 0.4 A \ Bl= 2227 km/s 3188 km/s
—— average low-z QSO :

0.6 - 0310
0241 | [\~v/Y YT VV | T Vito+ in prep.
0.1-
l O L\/a T T L
‘ 1200 1300 1400 1500

oW
| " ____________ ’ f '(“"\ ‘ WATA|
: “’ '/ “ !/' q#\v N ;)
il “\ﬁWMW"""; ----- Al
1750 2000 2250 2500 2750 3000

Rest-frame wavelength [A]

New VLT/XSHOOQOTER observations requested




Obscured QSOs at z>6: how many are there?

0.1 0.15 0.3 0.5 0.70.9
lo_l | || || 1 || 1 i
10°F Onoue+19
109
s J1205
108 12239
: 2216
R ST P moderate Aepp
o 10 i J1243
= g6l 11152
T
m
E -
6 5

» 30 _ 25
Initial MsH predicted by models

tuniverse [Gyr]
0.2

Redshift

Models require fast accretion

(i.e., high Eddington ratio Aepp),

possibly in heavily obscured conditions,
to match the observed Mgn at z=6-7.5

Energy (rest frame) [keV]
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Obscured QSOs at z>6: how many are there?

Extrapolate AGN X-ray LF at z~4 and compare with QSO UV LF at z~6

100.00

10.00
I@
O

€ 1.00
'O
Q.
e
o

0.10

0.01

z~6 QSO UV LF (Matsuoka+18)

* Includes ~only unobscured QSOs

HSC z,; (apparent mag)

! | ! ' ' [ T T T T T
E O SDSS (Jiang+16) E
- X X CFHQS (Willott+10) ]
—\L T T~ ® SDSS+CFHQS+SHELLQs (this work) |
] \\‘\ - = - Willott+10 |
3 —— This work =
_ || Matsuoka+18

l | 1 1 1 |
—22 —24 -26 -28
Miss0 (mMag)

1078

z~4 AGN XLF (Vito+14,+18)

* Includes ~all obscured AGN
e normalization o (1 + z)™°
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o
. Vito+16,z~4

/77
/7
Z
77
7
‘_

/
=
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- Giallongo+15 (z=4.25)
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Obscured QSOs at z>6: how many are there?
1075 ;

m— (SO UV LF (SHELLQ, Matsuoka+18)
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Obscured QSOs at z>6: how many are there?
107> ;

m— (SO UV LF (SHELLQ, Matsuoka+18)
—— XLF (Vito+14,+18, extrapolated from z~4)

M14504



Obscured QSOs at z>6: how many are there?
1073 ;

= QSO UV LF (SHELLQ, Matsuoka+18)
—— XLF (Vito+14,+18, extrapolated from z~4)

_6 1
107"+ XLF consistent with UV LF

~90% obscured QSOs at z~6

lon, LF uncertainties, etc.)

¢ [Mpc~>mag]

M14504



Huge discovery space for current and future
X-ray observatories!

LF (SHELLQ, M
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Hunting BH seeds in the early universe: Athena

https://www.the-athena-x-ray-observatory.eu/

Mission Formulation Review successfully passed

= Category: News

— e ‘7

Or Orml,ﬂathn RCVICW zxq On the 12th of November 2019, Athena has successfully passed the Mission Formulation

Pa : Review (MFR).
succesfully passel .

This is a major milestone for the project and the culmination of several years of effort by ESA,
the industrial contractors, the instrument teams and the Athena scientific community,
represented by the ASST working groups and torcal panels

7 " Lookrng forward to adoption in 2021 and launch in the early 20303

Thanks to aII of you for your “continuous support'


https://www.the-athena-x-ray-observatory.eu/

Hunting BH seeds in the early universe: Athena

https://www.the-athena-x-ray-observatory.eu/

Athena Science Requirements

P~r_liaeter
4 " Effective area at 1 keV >1.4 m?

0.2-12 keV

X-IFU FoV 5’ effective diameter

< 5 103 counts/s/cm?2/keV
2-10keV

<80eV (1keV) & <170eV (TkeV)

X-IFU background
WFI spectral resolution
WEFI FoV 40’ x 40’

WFI count rate 1 Crab > 80%

WFI background < 5 10-8 counts/s/cm?/keV
2-TkeV

Recons. astrometric error 17 (3s)

GRB trigger efficiency 50%

ToO reaction time < 4 hours

enables (driving science goals)

Early groups, cluster entropy and metal evolution, WHIM,
high redshift AGN, census AGN, first generation of stars

Cluster energetics (gas bulk motions and turbulence),
AGN winds & outflows, SMBH & GBH spins

High z AGN, census of AGN, early groups, AGN feedback
on cluster scales

WHIM, cluster hot gas energetics and AGN feedback on
cluster scales, energetics of AGN outflows at z~1-4

Metal production & dispersal, cluster energetics, WHIM

Cluster energetics & AGN feedback on cluster scales,
metal production & dispersal

GBH spin, reverberation mapping

High-z AGN, census AGN, early groups, cluster entropy
evolution, jet-induced cluster ripples

GBH spin, reverberation mapping, accretion physics

Cluster entropy, cluster feedback, census AGN at z~1-4

High z AGNs

WHIM

WHIM, first generation of stars


https://www.the-athena-x-ray-observatory.eu/

Athena-WFI survey

Detect at least (from Aird+15 LF):

Aim1: 10 AGN z=6-7 @L,=43-43.5 erg/s — Flim 2.4x10™"" over 2.4 deg?
Aim1b: 10 AGN z=7-8 @L,=43.5-44 erg/s — Flim 1.3x10-"° over 27.4 deg?

+ First Groups z>2
+ CT AGN spectroscopy z=1-4
+ AGN outflow (WA/UFO) z=1-4

— Consolidated survey strategy:

Deep
8x1Ms+4x1.5Ms

cr
&
[3)
‘n
(@)
} -
9,
>
(0]
N
(aV]
O
=
—“——
(@)
O

Shallow
108x90ks

Tot=23.5 Ms (~22% of 4yr)

XMM-LSS
+XXL

GOSMOS
AEGIS 293¢y

5" confusion limit: J

10° 10°
Area [deg?]

Credits: Giorgio Lanzuisi

10*




Lynx (Weisskopf et al. 2015)
https://www.lynxobservator

PAYLOAD & MISSION CHARACTERISTICS

/ LYNX MIRROR ASSEMBLY

ﬁ MIRROR ASSEMBLY — -_|i5” on-axis PSF, 2m?2 effective area at 1 keV, )

sub-arcsec PSF over a 22'x22’ field of view.

HIGH DEFINITION X-RAY IMAGER

An active pixel array of fine pixels covering a
22'x22’ field of view with subarcsecond imaging |
Qd providing moderate spectral resolution.

/LYNX X-RAY MI—C;I_?OCALORIMETERN
HIGH DEFINITION X-RAY IMAGER An array of 1” pixels covering a 5'x5’ field of view
LYNX X-RAY MICROCALORIMETER and providing 3 €V spectral resolution. Two

additional arrays are optimized for finer imaging
X-RAY GRATING SPECTROMETER (0.5” pixels) and higher spectral resolution (0.3 eV

in the soft band) /

/ THE MISSION \ N\
/X-RAY GRATING SPECTROMETER\

« Orbit: Sun-Earth L2
- Field of regard: 85% of the sky . . .
. Consumables: sized for a 20 year mission Gratings with resolving power of R > 5000 and
' ~ 4000 cm? of effective area across the critical

. Data volume: JWST comparable . o

o ) , , X-ray emission and absorption lines of C, O, Mg,
- Communications: 3 times daily with DSN Ne. and Fe L.
\-Observing Efficiency. >85%

AN e

/



https://www.lynxobservatory.com/

Lynx (Weisskopf et al. 2015)
https://www.lynxobservatory.com/

* (Chandra-like angular resolution
* f.0.v.=0.12 deg?=15x Chandra

(for sub-arcsec resolution)
e 30-50x effective area of Chandra
e 20x Chandra sensitivity

Credits: Alexey Vikhlinin

Detection threshold (2 4Msec (0.5-2 keV) [ " 3.0x10-19 erg/s/cmA2

(for known locations) - (1.1x10-19) -

41
2-10 keV luminosity at z=10 assuming 3.7x10% erg/s

TSl (1.35x1041)

3.7x1042 erg/s

Bolometric luminosit / at z=10, a 5suming
10% correciicn

(1.35x10%)

Black Hole Mass /29,000 Msun

assuming Eddington rate

\_ (11,000 Msun) /


https://www.lynxobservatory.com/

Hunting BH seeds in the early universe: Lynx

0.5-2 keV flux limit (erg cm=2 s7)

10-18 107 10-'¢ 1015 104 10-13 1012

1019

Chandra RASS @
@EMSS ~

ROSAT/Einstein :
RIXOS@® ®RASS NEP ,

XBootes :

O :

g ,

ROSAT UDS ChaMP & Cé)c .
o O O :
% ° . :
s o ©®C-COSMOS ;
o 5 "®E-CDF-S \ (%‘;
PRA 22 ® AEGIS—X Deep This i — :
| Is is what <

@ CDF-S (7 Ms)
This is what :

/ we nheed! ,

‘ Lynx Seeds ‘

0.1 | 10 100 1000 10¢
Q (degrees?)

10°

Adapted from
W.N. Brandt talk at
Lynx meeting



Hunting BH seeds in the early universe: Lynx

https://wwwastro.msfc.nasa.gov/lynx/docs/LynxConceptStudy.pdf
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The Science of Lynx

1 The Dawn of Black Holes
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1.1.2  Observational diagnostics of black hole seeds . . . . ... ..
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Hunting BH seeds in the early universe: AXIS

http://axis.astro.umd.edu/

AXIS

Advanced X-ray Imaging Satellite

Astrophysical'drivers
of galaxy formation

The.origin of
supermassive
black hol(:,-s

<

Microphysics of .
cosmic plasmas-

The transient and
variable universe

Black hole
strong gravity

Astro2020 Decadal Survey Probe Mission Study

Pl Richard Mushotzky
and the AXIS Team

1 SUMMARY
2 AXIS IN THE FRAMEWORK OF 2020s ASTRONOMY
3 MISSION CAPABILITIES AND DESIGN DRIVERS

4 TECHNICAL IMPLEMENTATION
41 OpliCs . . . . e e e e e e e
4.2 Detecto

SUPERMASSIVE BLACK HOLES — ORIGIN, EVOLUTION AND PHYSICS
5.1 The Puzzle of Early Massive Black Holes . . . . .. ... ... .......
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Mission Overview

AXIS (Advanced X-ray Imaging Satellite) is a NASA Probe Mission
Concept designed to be the premier high angular resolution X-ray
mission of 2020s. The need for sub-arcsecond resolution in
astrophysics is evident across the entire electromagnetic spectrum,
and is essential for resolving the critical physical scales of virtually all
classes of objects and for extending such studies to the highest
redshift. AXIS will follow in the footsteps of the spectacularly successful
Chandra X-ray Observatory with similar or higher angular resolution
and ~10x Chandra count rates.

Read the full Probe Mission Concept Proposal here.

Arpo Valne Requirement

Angular Resoltion omt source detecion,
_|# separation, excision
. 7000 cm? @ 1 keV Faint/low surface
1500 cm? @ 6 keV brightness source analysis
Timing Resolution Variable source analysis
Detector Background 4-5x less then Chandra Sensmwty to low surface
brightness
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XLF faint end at high-z as a tool to study BH seed
formation and growth
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Need to push at lower-L and higher-z! E.g. AXIS, Lynx
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