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Radio-mode AGN feedback in cosmological models
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Radio-mode feedback in cosmological models
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1. Radio AGN and their role in galaxy formation and evolution
Radio AGN deemed drivers of “radio-mode feedback”, controlling build-up of M. in massive galaxies
“Radio-mode AGN feedback” is a regular ingredient in cosmological models, yet still rather poorly
understood
Two fundamentally different types of radio AGN:
o Radiatively efficient (Seyfert, QSO; high-excitation; HERG; Mgy, ~ 108 Mg, ; L ~ Lepp)
o Radiatively inefficient (LINER, absorption line; low-excitation; LERG; Mgy, ~ 10° Mgg,; L < 0.1 Lgpp)

All types of standard AGN can be detected in radio (given high enough sensitivity) BUT the source
of radio emission may arise from hosts’ star formation rather than jets associated with the SMBH
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The VLA-COSMOS 3 GHz Large Project

Data available from:

o 384 hours (A+C array)

o 3 GHz (2 GHz bandwidth)

o 0.75” resolution

o rms ~2.3 uJy/beam

o 10,830 sources (67 multi-component)
- Rigorous quality assessment

(flux, astrometry, resolution bias ...)

Simultaneously the largest and deepest cm radio continuum
survey at high (0.75”) angular resolution to-date

Smolci¢ et al. (2017a)
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10,830 radio sources (S/N>5, rms=2.3 udy/beam, resolution 0.75”, 2 square degree area)
Simultaneously the largest and deepest radio continuum survey at such angular resolution
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VLA-COSMOS 3GHz Large Project

+

COSMOS multi-A data

VLA-COSMOS 3GHz Large Project
Pl: SmolCic (Smolti¢ et al.,2017a)

384 hours (A+C configurations,
2012/13)

3 GHz (2 GHz bandwidth)
0.75” resolution

rms ~2.3 pJy/beam over 20°
10,830 sources
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200 equatorial field
X-ray to radio imaging (>30 bands)

: : e Galaxy photo-z
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AGN photo-z
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3. VLA-COSMOS 3 GHz Large Project galaxy populations
Combined with COSMOS multi-A dataset with highly accurate photometric (+spec.) redshifts (z<6)

Source classification based on various (X-ray, MIR, colors, radio excess) criteria, assessing
composite nature
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The VLA-COSMOS 3 GHz Large Project radio source sample
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0.4<z<0.7
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o Evolution parametrization:

2.1<z<25 2.5<z2<35

Zyep = 2.28

O(L,z,ar,Br.ap.Pp) =

= (1 4 2)™%%P0 x @y

L 5E
(1 + )atzhe ‘ :

o PLE (o5 = Bp = 0): TE | D
a =2.88+0.17 3.5<z <55
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Radio-AGN feedback models vs. observations
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== Croton+16
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density

Croton et al. (2006, 2016)
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accretion
rate density

Agreement
between semi-
analytic model &
observations
encouraging for
the idea of ‘radio
mode’ feedback

in the context of

massive galaxy
formation:; still
large systematic
uncertainties
remain

Smolci¢ et al. (2017c¢);
see also Smolci¢ et al. (2009)



The sample used: Radio-excess AGN
—

~35% spec-z,
VLA-COSMOS 3 GHz —>| else photo-z with
+ COSMOS2015/iband O pz/(1+2<0-021

7,826

1
X-ray AGN

(Lx>10%%erg/s)
859
MIR AGN 26 LANLENL L e  L L

Moderate-to-high

: 3o radio excess

e |  (©oniey+12) E log[L /L .
radiative luminosity AGN 466 E 4 -3 g[z | %SF] 2 1
5 1,623 \ e o C » peak 400 E . . . . . 5
(Delvecchio+17) b n O peak+36 ) ]
| Blue &green 1,178 >~ E ]
2 MwrM<3s / ® 25 C . : 300 ¢ ERE
[ N > f Z 200 i
= Red ] 3 C : ]
_g H’\eArNsUcvh-gAIr;eizgtiin Radio excess —~ - c 100_ i 1
° % e N c .0 .
g . m 24 F - - -
bo e Low-to-moderate C .20 21 22 23 24 25 26
@ Enotersc —>| radiative luminosity AGN 3 - o . 1og[Lyse / SFRy ]
electon 1,648 -’ C L ’
— = e
& -
a4 -
[ C
m -
g -

Jet emission
missed?

[ besf—fit threshold: 21.984- (1+z2)**"

TTTTTTTITTTT
Ll

20

IlllllIlIIlIllllllllIlIIlIIlIllllllllIlIIlIllIllIllIlllllll

0 1 2 3 -+ 5 6
Smolci¢ et al. (2017b), Delvecchio et al. (2017) 7




Full sample + radio luminosity decomposition
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Radio luminosity decomposition
]

I-radio = Lradio(SF) + I—radio (AGN)

I-IR - SFR > Lradio(SF) 2 I—radio (AGN)

SED fitting \ Using evolving q(z)

(Mahphys + AGN component; (see Delhaize et al., 2017)
Delvecchio et al., 2017)

Ceraj et al. (2018; subm.); Delvecchio et al. (in prep.)




Radio luminosity decomposition

IR — radio correlation as a function of redshift, q(z)
I—radio = Lradio(SF) + I—radio (AGN) 4
0.9
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=) {0.6
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E Lo
SED fitting Using evolving q(z) | ® 10.4
(Mahphys + AGN component; (see Delhaize et al., 2017) 'ﬂ‘ 03

Delvecchio et al., 2017) o ’
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0.0
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redshift

L L
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3.75 x 10" Hz WHz™
fAGN =1- IOQTIR ~47R
Ceraj et al. (2018; subm.); Delhaize et al. (2017)



@ This paper — Full Sample Total LF —— This paper — Full Sample AGN LF —PDE
4~ This paper — Full Sample AGN LF lower limits ---- This paper — Full Sample AGN LF — PLE
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Ceraj et al. (2018; subm.) log1g (L1.4 GHz [WHZ_I])



Radio-AGN feedback models vs. observations
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observational and
semi-analytic
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1. Radio AGN and their role in galaxy formation and evolution
Radio AGN deemed drivers of “radio-mode feedback”, controlling build-up of M. in massive galaxies

“‘Radio-mode AGN feedback” is a regular ingredient in cosmological models, yet still rather poorly
understood

Two fundamentally different types of radio AGN:
Radiatively efficient (Seyfert, QSO; high-excitation; HERG; Mg, ~ 108 Mgg,; L ~ Lepp)
Radiatively inefficient (LINER, absorption line; low-excitation; LERG; Mgy, ~ 10° Mg, ; L < 0.1 Lgpp)

All types of standard AGN can be detected in radio (given high enough sensitivity) BUT the source
of radio emission may arise from hosts’ star formation rather than jets associated with the SMBH

2. VLA-COSMOS 3 GHz Large Project
10,830 radio sources (S/N>5, rms=2.3 uJy/beam, resolution 0.75”, 2 square degree area)
Simultaneously the largest and deepest radio continuum survey at such angular resolution

3. VLA-COSMOS 3 GHz Large Project galaxy populations
Combined with COSMOS multi-A dataset with highly accurate photometric (+spec.) redshifts (z<6)

Source classification based on various (X-ray, MIR, colors, radio excess) criteria, assessing
composite nature

4. Cosmic evolution of radio AGN and implications for radio-mode feedback since z~ 5



4. Cosmic evolution of radio AGN and implications for radio-mode feedback since z~ 5

Kinetic luminosity exterted by radio AGN may be high enough to balance radiative cooling of hot
gas since z~5 (agreement with SAGE model)

Many simplifications and unknowns still remain to be resolved (e.g., L 4gu; 2 Liin)
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