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Higl;-z QSOs
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* Active galaxigs with massive BHs

* What are théfproperties of QSOs
host galaxies?

F Dust
- (Gas

- Stars

e Are these different from low-z ones?

e \What can these tell us about the
evolution of galaxies over time?

Fundamental questions

* How these SMBHs are able to in
short timescales?
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* Do the SMBHs and théir host-
galaxies co-evolve?

e How effective is the feedback in

influencing the evolution of these
objects?




HYPerluminous QSOs at the Epoch of ReionizatlON (HYPERION)

“* HYPERION samplé comprises 18 QSOs which i KHYPERION
experienced the most rapid SMBH mass L2 s }
growth .

« Deep X-ray survey: first systematic, i Y g

homogeneous X-ray spectral characterization-=
of the accretion processes onto.these extreme

QSOs o
' wHYPERION

« They are expect withess the phase of Lodubudul
strong feedback to show powerful Redshift

outflows T === g T
Zappacosta+23, arXiv:2305.023
Objectives: _ = =l - - ki

v Investigate the properties of their host How:
galaxies v ALMA-NOEMA observations of the dust and cold gas

v Draw a picture of the whole population v Focus on high resolution, high sensitivity, high frequency

.10% M,




Dust properties of high-z QSOs

> Key in star formation process, e.g. Poplll (Schneider+2011)

J1342+0928 (Novak+19)

; 7=75 | > Determine SF efficiency, dust accretion time scales (Calura+13)
, > Quantify dust-reprocessed SFR and dust properties
STk f (Carniani+19,-8hao+19,Walter+22, Di Mascia+22,+23) -
el i _»AtRigh-z, the peak of dust SED shifted in ALMA bands
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ALMA (aperture)
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_ Dust properties of high-z QSOs

® Previously only rough

estimates of 7, ., (Wang+19)
® The power of ALMA band 9:

_ high -accuracy-for dust
properties

T, =48+2K f=26+023

SFR ~ 265 +32 M_yr™!

16! T 0°67AYAPAP 4R 25900 = -
l00(Mgust/M o) B ennett+23 suggest a

Obs Frequency (GHz)

growth path for JO100+2802



Z=6.53

’A @
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Ty =602 K f=25+02

SFR ~ 292 +40 M yr~! |

\

Obs Frequency (GHz)

® Up to <~10% uncertainty on T
® Up to ~10% uncertainty on g
® Up to ~30% uncertainty on M,

_ Dust properties of high-z QSOs

SFR

® Ran
® Ran

VDESJ0224-4711

7-6.526 7§ A
Herscltel data
Tripoqlf+22, A&A
/ \

z=6.003

| SFR ~ 1240 % 300 My~

|

~ 1500 = 500 M yr~!

Obs Frequency (GHz) Rest Wavelength (Um)

ge T, .. : [40-80] K
ge p : [1.8-2.6]

. New ACA band 8 and |
band 9 observations

® Ran

ge My, : [2-8] x 10" M (Pl: C. Feruglio)




Cold gas in high-z QSOs

* All HYPERION QSOs observed in [ClI] (Novak+19, Neeleman+21, Venemans+20)

okt A (11 ) e ol °© 5 Hyperions in Neeleman+21 - * Gas masses of order
— 10
il T el * Kinematic analysis suggests rotating disks ~ 107" Mg
* CO(6-5),(7-6) for JO36+Q3-insDecarli+22 e Multi‘phase-gas

* New detectiohs of CO(6-5),(7-6) in41007+2115 at z-7.5 (Feruglio, Maio, RT+23, ApJL)
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~k— 1100742115 at z=7.5, This work
J0100+2802 at z=6.3
- APMO08279+5255 at z=3.9
J1148+5251 at z=6.42
12310+1855 at z=6.003
J0439+1634 at z=6.5

P036+03

Velocity [km/s]



Cold gasin JO100+2802

* No near companion in JWST (Eilers+23)

- Strong over density (Kashino+22)

* No relevant kinematic features (Neeleman+21)

4 New deep ALMA observations in band 3 and band 6
_+_Flongated structure in [CH] andc contmmfum "

4+ Companion with SFR~[50-400] Mer_

(Di Mascia+21, Zana+22)
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RA-offset (arcsec) RA-offset (arcsec) RA-offset (arcsec)

R A-offset (arcsec) Tripodi+23, sub. to A&A




Cold gas in JO100+2802

Observed Frequency [GHZz] P

%1 260 259 258 Radio jet perpendicular to the merging (Sbarrato+21)

N

Tripodieas, | * Outflow with velocities up to 1000 km/s
sub. to A&A
® Resolved with R~2-4 kpc

outA — [115 269] MGyI‘ / > e

* Qutflow rate andenergetics Comparable to other
ionized outflows
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200 oo 0 M * Low momentum load (in agreement with Valentini+21)
adio Velocity [km/s

|09(Mout/Mo)
l0g(Pout/Pacn)

Ionised from Fiore+17
Bischetti+19

J1205-0000, Izumi+21b
Molecular from Fleutsch+19
J1243-0100, Izumi+21a

©  J1148+5251, Maiolino+12
J0100+2802, This work

) : 24 26 238 : . y .
log(Lpoi/(erg s—1)) l0g(Lpo/(erg s71)) l0g(Vout/(km s71)) arX|V230601 644




Cold gasin J2310+1855

¥ Spatially and spectral resolving S * Detection of outflow emissions
power (0.1” resolution)

% Best estimate of Mdyn through = My = 5 %o Mgig
- size [ClI] - 2.6 % 1.9 kpc? dynamical modeling (Di Teodoro+15) - M = 180 450 Meyr
. . . ’ . 7 3 10 : :
* Rotating disk (velocity gradient) - Mdyn 5. 2J_r06 X 1Q \Y . : g
(Feruglio+18, Wang+13) | /«::1/’/
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® BH only is not enough
© Bulge with My, ~ 101 Mg

450

Dynamical modeling of
the rotation curve

400

S

3/4 components:

+ Gas disk ="":.':::.. -
+ Stellar disk A
+ Black Ho

(Tripodi+23, A&A)

IOg(Y, (li.s'(')

Highest-z Bulge candidate!
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Cold gasin J2310+1855
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z=0 Sahu et al. (2019)
z=5.72 GAEA galaxies
7z=6.20 GAEA galaxies
z=0 Sahu et al. (2019)
z=6 This work

1.5

(Tr|p0d|+23, A&A) A oy =

10.0 10.5 11.0

IOg(M*,sph/MG))

11.5 12.0

® Comparison with GAEA
galaxies (Fontanot+2020)

® Which is the mechanism of

bulge formation for J23107?



Evolution of SMBHSs and their host galaxies
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From NIR emission lines = ‘
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EVoI?tion of SMBHs and their host galaxies

Massive 4

black [Mgyy  SFR
hole < Rise of feedback age
J0100+2802} = ¢ Mon - M el
i 1231041855 |
PJO36+03 ‘,- i’ —— MBH S SFR S minans .
'l-n...:m.', ., My | My, Eymbinct
.!!-=,"| _ 4 Adjustment
i-l ,ir.‘nl R 4
(Tripodi+23, in prep.) | ‘ Earlyuniverse  Credit: Volonteri 2012
Kormendy+2013 Galax;
5.5<z<7 QSOs
z~4.5 QSOs : |
s - ® BH dominance for J0100+2802
HYPERION QS0s ® Galaxy dominance for J2310+1855

575 1000 1025 1050 1075 1100 1125 1130 VDJ0224-4711
109(Mayn/HMo) | ® Symbiotic growth for PJ036+03



Evolution of SMBHSs and their host galaxies

® |nstantaneous

JO100+2802 # information
J2310+1855 i (arrow)
i riyésL_ / O =/ iedictlve pOWGI'?
Il'* | e '
Vi li'%- . - ®© Different
—-c """ T : :
.!!!!"-"' | VDJ0224-4711 [ diagnostic?
_|égg_!"_ , ® Goal: investigate
the evolution of
the whole
- Kormendy+2013 .
5.5<2<7 QSO population

z~4.5 QSOs
2<z<4 QSOs
J2310, Tripodi+22
HYPERION QSOs

Zoom-in simulations with AREPO (Costa+14,Costa+15)
6 halos from z~7 to z~6 |

Red stars: J2310+1855, JO100+2802, PSOJ036+03,
VDESJ0224-4711
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Conclusions

.
¢ /

Amazing science with ALMA: understanding the properties of the first QSOs
Large reservoirs of gas, extended aWe dustcomponent o o e

C scales

- Detailed analysis down to.sub=

Resolved rotati ,EQrves allows precise kinematical and dynamical modelling
SFR with very precision (up to ~25% uncertainty) using B8-B9
Cold gas reveals signatures of mergers and outflows

Study the evolutionary scenarios of SMBH and host galaxies
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4+ Outflow Kinetic power

E = (1.1=27) % 10% erg/s

+ Jet power T
Py = 9% 10" =3 X% 10" erg/s

+ Jet driving possible

DEC-oftset (arcsec)

- Cold gasinJO100+2802

B4 . BT
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