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General knowledge of high-z QSOs

» H, cannot be observed
» CO molecules as main tracer of
molecular gas

» Quantify the molecular mass, i.e. SF l ‘ Radio velocity [km s=']
reservoir (Combes+18 and therein) | T

> Only few QSOs observed in molecular ) L Covdeal
gas with ~kpc resolution and high S/N | 148 525

ratio at this e pOCh (Feruglio+18) | J0439+1634

“+CO transitions probe different regions
+CO SLED as useful diagnostic of the physics of
the emitting ISM (quiescient/straburst)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

J upper
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General knowledge of high-z QSOs

+[ClII] for identifying high-z objects
“+[ClI] for studying kinematics and dynamics
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General knowledge of high-z QSOs

> Key Iin star formation process, e.g. Poplll (Schneider+2011)
» Quantify dust-reprocessed SFR and dust properties
> At high-z, the peak of dust SED shifted in ALMA bands

+Very few QSOs with accurately sampled SEDs

¢ J1319
0 J1148

Flux [m]y]

1000

Observed frequency |[GHZ]
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The case of QSO SDSS J2310+1855 at z = 6.003

¥ Spatially and spectral resolving power (0.1” resolution) ——> size ~ 1.3 x 1.1 kpc?
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The case of QSO SDSS J2310+1855 at z = 6.003

¥ Spatially and spectral resolving power (0.1” resolution) ——> size ~ 1.3 x 1.1 kpc?
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V F, (erg s~ cm™?)

10—13

10~

10—15

The case of QSO SDSS J2310+1855 at z = 6.003

11111111]14

_________________________

4 Accurate sampling of the distribution

(Herschel+ALMA data)

= Precise determination of fitting

parameters
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The case of QSO SDSS J2310+1855 at z = 6.003

X Spatially and spectral resolving ¥ Detection of outflow emissions |
* Low E_ /L, ~ 0.0005 — 0.002

power (0.1” resolution) -M =5%M;,
- size [CII] ~ 2.6 X 1.9 kpc? | compared to other molecular
DT P - M, = 1800 — 4500 M_yr~' winds (Fiore+17)
* Rotating disk (velocity gradient)

(Feruglio+18, Wang+13) (Shao+22, Barai+18)

[mJy/beam km/s]
200 400 600 800

[km/s] Observed Frequency [GHZ]
100 200 20 40 60 80 100 120 140 272.25 272.00 271.75 271.50 271.25 271
=l | L | I | TI]T IEI 1 1| [ | ] ] ] ] 1 ! | L

1000 =200

.00 270.75 270.50

i I 1 ] ] I l IR
12.5- [CII] .
| Y
10.01 s A e s s
S
18°55'20.0"
—~ é 7.5 -
g =
<) =
L - —
o R 50
= : {5
19.5" m¥ il = o5 -
] - o [ N | - = H . ' : )
” g ki - 0.0¢ | | .
- . = .- - : : : . -
_*|-||||..|.|-111 1 L _*1-|||1..|.|.1||l| L N B B S SR B A S S R
23M10™M38.925 38.90°  38.88°  38.86° 23"10M38.925 38.90°  38.88°  38.86° 23"10M38.925 38.90°  38.885  38.86° —1000 —500 ‘ 0 | 500 1000
RA (hms) RA (hms) RA (hms) Radio Velocity [km/s]

(Tripodi+22, A&A)
R. Tripodi 12/01/2023 Sexten Center for Astrophysics




The case of QSO SDSS J2310+1855 at z = 6.003
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The case of QSO SDSS J2310+1855 at z = 6.003

x Detailed analysis of the rotation curve

* Best estimate of M,,, through
dynamical modeling (Di Teodoro+15)

- My, =524, x 10" Mg
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The case of QSO SDSS J2310+1855 at z = 6.003

Study the evolutionarytpof
.~ SMBH and its host gal o

(Volonteri 2012, adapted)

Massive
black

MBH

SFR

<

dyn

Rise of feedback age

Dominance Symbiosis

]
-
.-
N +

Early universe

Adjustment




*

* Possible cause: AGN radiatively-driven winds

MBH

The case of QSO SDSS J2310+1855 at z = 6.003

1 SFR
<

MBH - 2 Mdyn

(Bischetti+22, Shao+22)
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black MBH
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Rise of feedback age
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Early universe

(Volonteri 2012, adapted)

log(Mgn/Mog)

3.0

7.5

, the BH build-up slower than host galaxy
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The case of QSO SDSS J2310+1855 at 7

6.003
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The case of QSO SDSS J2310+1855 at z = 6.003

‘= Dynamical modeling |
. of the rotation curve |

450 |
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= o = L ! .’.'
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1.2 hillion years after the Big Bang 2 250
1=, G
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150 e L
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100¢} P Gas
50F et e
00 05 10 15 20 25 30 35
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The case of QSO SDSS J2310+1855 at z = 6.003

3/4 components:

Modeling:
: gtaesuadrisdl?Sk + 2 thick disks
+ Poi
+ Black Hole Point mass

+ Sérsi o (e
+ Bulge Sérsic profile (n=4)




® BH only is not enough
o Bulge with My ,. ~ 10" Mg

(Tripodi+23, submitted to A&A)
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The case of QSO SDSS J2310+1855 at
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The case of QSO SDSS J2310+1855 at z = 6.003

o Bulge with M, ~ 10" Mg

® Comparison with GAEA galaxies (Fontanot+2020)
® Which is the mechanism of bulge formation for J23107

log(Mgn/Mo)
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The most luminous QSO at z > 6: SDSS J0100+0228

, ALMA band 9 observation | | |
Z |l||Il 1 1 |lllll 1 T IIIIII_L @ SImUItaneOUS flt Of the SUb-mm and rad|0 SED

10— -
: T : ® The power of ALMA band 9: high accuracy for
; ; dust properties
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100:— " =
/;: : X (Wang+2019) : Tdust [K] 47 + 3
E } , . - Maust 10" Mg]  2.70 £ 0.55
L 10-1— _ 3 2.59 4 0.13
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1072 ) —
: : | :
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The most luminous QSO at z > 6: SDSS J0100+0228

| rF - D I I I '_
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legh resolutron and hlgh frequencyobservatrons allow us to perform detalled studles of the
.-_‘j_propertres of hrgh -Z QSQS e t T s
--ALMA band 8 9 essentral for precrse determrnatron of Tdust, Mdust, SFR W
?'.'.ﬁ'-""',.'.Outflow in QSO J2310+1855, M, = 1800 — 4500 M@yr‘l low Eout/Lbol e
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Dust Spectral Energy Distribution

Methods: Modified Black Body (e.g. Carniani+2019)

obs @)

v/(1+2) a (1 + 2)3 [BV(Tdust(Z)) = BV(TCMB(Z))] (1 - e_TV) (4)

1
Taust(z) = (4+ﬁ + To4(1 +2)*P —1])#B Q=(1+ z)4Aga1aXyDI:2
Ty = Lgustky = Ldustko (% Ldust = “dus Agalaxy ky = 0.45%(v /250 G'ercm2 g_l'
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Environment of J2310+1855

(Tripodi et al., 2022) :
40 cont emitter
8
"
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4 B
- 0.06 0.06
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s T —s
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X Serenity-18, candidate CO(6-5) emitter at z = 5.9386, associated to proximate metal-poor DLA system
% 30 continuum upper limits: Sy¢s 46, < 0.026 mly, My, < 6 X 10° M

% 30 line upper limits: Loy < 2.7 X 107 Ly, SFR < 2.5 Mgyr~' (Carniani+18, Herrera-Camus+18)

¢* Total scan of the cube: no companions or signatures of ongoing mergers for J2310 5



High-resolution view of J2310+1855: outtlow

(Maiolino+2005, Bischetti+2019, [zumi+2021a,b) Elj:: “' | | :

% Detection of outflow emissions % Low E_ /L, ; ~ 0.0005 — 0.002 Z 50 : :

r molecular win S B ’ :

= My = 5% M oreriny el N

-MOUt = 1800 — 4500 M@yr_l (Tripodi et al., 2022) E'—lo‘ " ‘—sioo' - (')_' | '5605 " | '10'00'E
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Surface Brightness [mJy/arcsec?]

Comparing dust and gas sizes in J2310+18535

Radius [arcsec]
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[mJy/arcsec

Surface Brightness

t [coj
{  Continuum
i CO(6-5)
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{ o Surface brightness profiles in annular

concentric regions

| % Dust size (~6.7 kpc) > [CII] size (~5.5 kpc)
I % CO(6-5) size of ~4.7 kpc, from Feruglio+18
| % [CII] deficit in the center (Walter+22)

(Tripodi et al., 2022)

Radius [kpc]

f -»Zgas = 84 Mgpc_z, that places J2310 above

the KS relation
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Extension to a large sample of z~6 QSOs

Hyperion selection criteria:

o Mgypy > 10° Mg atz > 6

1010
% XMM-Newton Multi-Year Heritage program (accepted in 10°
Dec 2020, 2.4 Ms) 108
o107

L <
Objectives: _F10°
v Physics of the disk/corona complex 10°
v Evolution on z and nuclear winds 10
109

v Investigate the nuclear and host ISM

v Legacy sample to address with multi-4 data;: SMBH
formation, accretion/ejection, AGN/host formation/
evolution at EoR

10%

IIIIIFIIIIIIII ] | ] ]
Apga=1; t,=0 @ 2,=20

¢
( Y
z Msypn = Mgeeqe 0 MYT

102 M,
¢ HYPERION sample

| llllllllllllllllllllll

6 7 8 9 10 20
redshift
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70

60

Tdust [K]
3

40

30

20

Dust Temperature and Mass distributions

4 High accuracy = Accurate sampling of the distribution
‘Tdust ~ (30 — 80) K, Mdust ~ (1 -38) X 108 MQ

Dust Temperature VS Redshift Dust Mass VS Redshift
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GDR

Gas to Dust Ratio

Gas to Dust Ratio VS Bolometric Luminosity Gas to Dust Ratio VS Redshift
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4 Large variation in GD ratio [30, 140]

4 Comparison with low-z samples: GD ratio almost independent of redshift 10/11

-4 INvVestigation in larger sample




