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(Galaxy evolution & gaseous medium

-Matters (gas, dust, star, ...
distribute along cosmic
filamentary structures

Surrounding medium is the
important venue for inspecting
feeding and feedback

TNG Collaboration: Tumlinson et al.

LYl Tumlinson J, et al. 2017.
A Annu. Rev. Astron. Astrophys. 55:389-432



Galaxy evolution & AGN feedback

_ Gas Reservoir

. u Usable
«(Gas accretion fuels star formation fu

formation and black hole growth

FEEDING
FEEDBACK
ONId334

‘Feedback ejects material/energy

back to the surrounding medium ; ’ |

BLACK HOLE GALAXY GROWTH
GROWTH (AGN) (STAR FORMATION)

*AGN: active galactic nuclel @ %

\ Harrison 2017



Galaxy evolution & AGN feedback

___ Gas Reservoir

: ‘Usable Usable star
Gas accretion fuels star AGN fuel formation fu

formation and black hole growth

‘

FEEDING
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| FEEDBACK

‘Feedback ejects material/energy
back to the surrounding medium

BLACK HOLE
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*AGN: active galactic nuclel @ %

\ Harrison 2017




Cosmic (high) Noon

Lookback time (Gyr)

0 2 4 6 3 10 12
*Cosmic (high) Noon is the epoch LA ' |

of the fastest build-up of the most
massive galaxies

*The epoch of powerful feedback
from the most energetic AGN

SF & BH growth rate density
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AGN feedback at Cosmic (high) Noon

*Evidence of quenching is found in
Z~3.5 massive galaxies (Suzuki+22),
consuming/expelling gas fast
~100s Myr

‘Powerful jet (life time ~100 Myr) at
Cosmic (high) Noon could have

such ability

quenching: stop forming stars



AGN feedback at Cosmic (high) Noon - jets

Jarvis et al. 2001

*Evidence of quenching is found in
Z~3.5 massive galaxies (Suzuki+22),

consuming/expelling gas fast
~100s Myr

‘Powerful jet (life time ~100 Myr) at
Cosmic (high) Noon could have
such ability

quenching: stop forming stars

Radio power

Radio surveyg
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High-redshift Radio Galaxies (HzRGs)
Spiderweb@z=2.1

-Type-2 quasars (luminous AGN) + the most powerful jets, z> 1. . Miley+08
Jet+Lya+clysters
e B,

McCarthy 93; Seymour+07; Venemans+07; Miley & De Breuck+08; De Breuck+10; Wylezalek+13, 14; Nesvadba+17;
Falkendal+19:; Kolwa+23
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‘Evidence of quenching (below main sequence; low molecular gas)

McCarthy 93; Seymour+07; Venemans+07; Miley & De Breuck+08; De Breuck+10; Wylezalek+13, 14; Nesvadba+17;
Falkendal+19; Kolwa+23



High-redshift Radio Galaxies (HzRGs) _

‘Type-2 quasars (luminous AGN) + the most powerful jets,z>1._. . Miley+08
Jet+Lya+clysters
R I

-Hosted by massive galaxies (M, ~ 10''M,) °

Live In dense proto-cluster environment
‘Evidence of quenching (below main sequence; low molecular gas)

-Best candidate for radiative-mode & jet-mode feedback & host galaxy study
\/

AGN feedback

McCarthy 93; Seymour+07; Venemans+07; Miley & De Breuck+08; De Breuck+10; Wylezalek+13, 14; Nesvadba+17;
Falkendal+19; Kolwa+23



High-redshift Radio GaIaX|es (HzRGs)

Missing:

systemic observational view of
the gaseous medium across
different scales & detailed view
at sub-kpc

Bl ssaesasa
Wuiji Wang MUSE 10yr discoveries

06



High-redshift Radio GaIaX|es (HzRGs)

Missing:

systemic observational view of
the gaseous medium across
different scales & detailed view
at sub-kpc

My contribution:

Using state-of-the-art IFUs to
study the multiphase feedback
processes and environment of
HzRGs

/ Tumlinson J, et al. 2017. .
“! Annu. Rev. Astron. Astrophys. 55:389-432 TU m I I nSO n et al . 20 1 7



MUSE: Clrcumgalactlc medlum (CGI\/I)

‘Key questions:

*~100 kpc feeding and
feedback

-undisturbed gaseous halos,
l.e., gaseous halo distribution

.
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Wuiji Wang MUSE 10yr discoveries

Tumlinson et al. 2017
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Our HzRGs sample

Pl (J. Vernet)

1+1320

- i .]
' L

*8 HzZRGs with (~4h )
each) MUSE observation ] =: =1

» Giant gaseous halos
commonly with HI
absorption (Lya, ~ 50
Kpc)




Our HzRGs sample A Decade

Pl (J. Vernet)
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» Giant gaseous halos
commonly with HI
absorption (Lya, ~ 50
Kpc)
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Mapplng IntrinSiC I_ya (=corrected for absorption) nebUIae
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Intrinsic Lya nebulae: radial profile

* Radial proflle from C|rcular annuli Wuji Wang et al. 2023




Intrinsic Lya surface brightness radial profile

Wuji Wang et al. 2023

TNJ1338-1942

10 10 10
Co-moving kpc



Intrinsic Lya surtace brightness radial profile

Wuji Wang et al. 2023

1338-1942
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* Scattered photons from companions results in the outer flattening?



Ly nebulae position angle v.s. jet

'Quantified nebulae orientation direction
MRCO943 2472 _ MRC0316-257/ § TNJ0205+224’2 | TNJ0121+1320

~ Wuji Wang et al. 2023



Ly nebulae position angle v.s. jet

-Jet position angle in red blue (green perpendicular direction)
- MRC0943-242 — MRC0316-257 _ TNJ0205+2242 :

& W4

. 4C+03.24 _ 4C+19.71 ﬁﬁ TNJ1338 1942 § 4C+04:11

¥,
B

' Wuji Wang et aI 2023



Ly nebulae position angle v.s. jet

m flux-w. 1 flux-unw. | Wull Wang et al. 2023
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Ly nebulae position angle v.s. jet

P
O

"1 flux-unw.

whole nebula

-
~ _
M

]

1  Wuji Wang et al. 2023

with the density of the surrounding gas. So if a radio source is expanding out into gas whose density distribu-
tion is not spherically symmetric, its average luminosity will be greatest if it 1s expanding along the major axis
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Eales 1992
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Ly nebulae position angle v.s. jet

P

O

with the density of the surroundgg
tion is not spherically symmetri(us
of the gas distribution. As most EASEEE

O
H:

1

1 Wuji Wang et al. 2023

but into gas whose density distribu-
t 1s expanding along the major axis
close to the lower flux limit of the

Angle difference between
jet direction and nebula
direction



Jet redistributes metals into CGM at z~4.5

Wuji Wang et al. 2021

‘For the z=4.5 HZRG, we Ejected gaseous shell — Absorber #1
spatially analysed the
abSOrbing gaS Observer line of sight

*Neutral hydrogen +
metal absorptions projected jet size

~20 kpc

|

‘Evidence of metal
redistribution on ~20Kkpc




Beyond MUSE: Interstellar medlum (ISM)

*Key questions:
*Gas motions at galactic
scales

‘lonisation, enrichment
Stellar populations, star
formation

*Nearby companions

A Ao s A At sE 850432 Tumlinson et al. 2017
Wuiji Wang MUSE 10yr discoveries

15



Multiwavelength HzRGs observations

- JWST: rest-frame optical, e.g., [Olll], Ha,...

- ALAM: rest-frame FIR, e.qg., [ClI][158um, |
dust continuum esolution

Pl: Wuji Wang
Cycle 1
JWST

Optical

Pl: Wuji Wang
Cycle 8
ALMA



ISM Seel by JWST Wuji Wang et al. in prep.

4C+19.71
Zz=3.59

F/\, norm

. [Olll] Av:-1500.61, -1397.3km/s

Lya MUSE
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Weak radiative—dive feedbak iIn one ZRG

Bluve | | Sys.

- [OINl}5007
Kinematics

» No strong
outflow ~10 kpc

Wuji Wang et al., 2024



Weak radiative-drive feedback in one HzRG

Jet-mode Is dominating feedback

¢ B ; . [OII5007
. kinematics

' [-700, -500] kms~? ' [-100, 100] kms™*  (b2) ' [500, 700] kms™*

[T T T T T T T ¥ ———T T . - — . .
- [O111]4959,500¢ [O1ll]  [0I11]4959,50Q7

* No strong
outflow >10 kpc

~4000 —2000 0 2000 4000 X 4" | ~ ~4000 —2000 0 2000 4000
Av[kms™1] - * Av[kms™!]
10 galaxy

Contours:
Radio jet

—— ALMA dust

Spectrum fit:

NIRSpec/IFU
Int. Blue

% | 21744™07.65 07.4° .
Sys. Red RA (j2000) st Wuji Wang et al., 2024




ALMA kinematic: rotation disk

Wuji Wang et al., in prep.

» [CllI]158um, tracer of ordered gas
Kinematics, i.e., less disturbed by AGN

[Cll] momentO

®

.‘ 5 kpc



Rotation disk seen In cold gas

Av[kms~1]

. ROtatlcn d| Sk’? =500 0 500 1000 1500

[Cll] momentO
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Rotation disk seen In cold gas

Wuji Wang et al., in prep.

» [Cll] moment1 velocity shift map | MU |
. Model with 3DBaroIo “"HH ..................... Mml

 Rotation disk? =500 500 1000 § 1500

f Av[kms 1]
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| .
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“ 5 kpc

Done by Lingrui Lin, PhD student at Nanjing University/ESO



And Beyond: KCWHALMA+JWSTIFU (D)

*ALPINE+CRISTAL: 4<z<6 star forming MS galaxies

Lya+|[Cll]+optical (Ha) in 3D

DC-519281 (CRISTAL-9) [C”]
z=5.6 “

DC-873321 (CRISTAL-7) [ClI] e~ ~&5 HST JDC-536534 (CRISTAL-S)[CII]—]
<9 * o

z=5.7 @




Summary
 MUSE Lya nebulae:

- Emission nebulae reveals CGM gas distribution,

- Evidence of companions
» Together with metal lines shows evidence of metal redistribution at z=4.5
by powerful radio AGN

» JWST + ALMA ISM:

« Weak radiative-driven feedback
« Rotation disk

 Future:
« Shock-driven outflow, metallicity, SED (star+dust), ...

Thank you!



