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Baryonic astrophysics Background cosmology
from the ratio of FIR to observed (uncorrected) FUV luminosity densities (Figure 8) as a

function of redshift, using FUVLFs from Cucciati et al. (2012) and Herschel FIRLFs from
Gruppioni et al. (2013). At z < 2, these estimates agree reasonably well with the measure-

ments inferred from the UV slope or from SED fitting. At z > 2, the FIR/FUV estimates

have large uncertainties owing to the similarly large uncertainties required to extrapolate
the observed FIRLF to a total luminosity density. The values are larger than those for

the UV-selected surveys, particularly when compared with the UV values extrapolated to

very faint luminosities. Although galaxies with lower SFRs may have reduced extinction,
purely UV-selected samples at high redshift may also be biased against dusty star-forming

galaxies. As we noted above, a robust census for star-forming galaxies at z ! 2 selected
on the basis of dust emission alone does not exist, owing to the sensitivity limits of past

and present FIR and submillimeter observatories. Accordingly, the total amount of star

formation that is missed from UV surveys at such high redshifts remains uncertain.

Figure 9: The history of cosmic star formation from (top right panel) FUV, (bottom right panel) IR,
and (left panel) FUV+IR rest-frame measurements. The data points with symbols are given in Table
1. All UV luminosities have been converted to instantaneous SFR densities using the factor KFUV =
1.15 × 10−28 (see Equation 10), valid for a Salpeter IMF. FIR luminosities (8–1,000µm) have been
converted to instantaneous SFRs using the factor KIR = 4.5 × 10−44 (see Equation 11), also valid for a
Salpeter IMF. The solid curve in the three panels plots the best-fit SFRD in Equation 15.

Figure 9 shows the cosmic SFH from UV and IR data following the above prescriptions,

as well as the best-fitting function

ψ(z) = 0.015
(1 + z)2.7

1 + [(1 + z)/2.9]5.6
M! year−1 Mpc−3. (15)

These state-of-the-art surveys provide a remarkably consistent picture of the cosmic SFH:

a rising phase, scaling as ψ(z) ∝ (1 + z)−2.9 at 3 ∼
< z ∼

< 8, slowing and peaking at some
point probably between z = 2 and 1.5, when the Universe was ∼ 3.5 Gyr old, followed by

48 P. Madau & M. Dickinson

Image credit: Illustris collaboration[Tumlinson+ 2017]

[Madau & Dickinson 2014]



Feedback

Star formation history

Structure of halos

Large-scale structure
CGM/IGM

ØDensity profiles
[e.g. Schaller+ 2015, Pillepich+ 2018b; Macciò 
+ 2020]

Ø Shape
[e.g. Chua+ 2019, 2021; Cataldi+ 2021]

ØNumber of subhalos
[e.g. Fattahi+ 2016; Sawala+ 2016; Despali & 
Vegetti 2017]

[e.g. van de Voort+ 2011; 
Vogelsberger+ 2013; McCarthy+ 
2017; Weinberger+ 2017; Choi+ 
2017;  2018; Salcido+ 2018, 2020]

ØCluster count cosmology 
[e.g. Debackere+ 2020, 2021]

ØVoid statistics 
[e.g. Pallas+ 2017]

ØMatter power spectrum 
[e.g. Hellwing+ 2016; Barreira+ 2019; van Daalen+ 2020] 

ØMatter bispectrum [Foreman+ 2020]

[e.g. Turner+ 2014, 2017; 
Nelson+ 2015, 2017; Suresh+ 
2015; Keating+ 2016; 
Kauffmann+ 2017; Sorini+ 
2018, 2020; Martin+2019, 
Fielding+ 2020]



SN + stellar winds scaling relations 
based on  FIRE zoom-in simulations 
[Muratov+ 2015; Anglés-Alcázar+ 2017b]

[Davé+ 2019]

[Image credit: CXC, Melissa White]
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based on  FIRE zoom-in simulations 
[Muratov+ 2015; Anglés-Alcázar+ 2017b]

[Davé+ 2019]

AGN feedback

AGN WINDS

JETS

[Image credit: CXC, Melissa White]

~500 km/s

<8000 km/s

Effect of baryons on halos and LSS in the Simba simulation 

MBH>107.5 MSun & fEdd<0.2

Stellar feedback



SN + stellar winds scaling relations 
based on  FIRE zoom-in simulations 
[Muratov+ 2015; Anglés-Alcázar+ 2017b]

[Davé+ 2019]
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Feedback decreases the 
baryon mass fraction

11 12 13 14

log(Mhalo/MØ)

0.2

0.4

0.6

0.8

1.0

M
/f

b
M

ha
lo

z = 4.0

No Feedback

12 13 14

log(Mhalo/MØ)

Stellar feedback

12 13 14

log(Mhalo/MØ)

Stellar fb + AGN winds

12 13 14

log(Mhalo/MØ)

Stellar fb +
AGN winds + jets

[Sorini+ 2022]

10°2 10°1 100 101

r/r200

0.0

0.5

1.0

1.5

2.0

M
(<

r)
/f

b
M

to
t(
<

r)

z = 0

Hot CGM

Warm CGM

Cool CGM

Wind

ISM

Stars

10°2 10°1 100 101

r/r200

0.0

0.5

1.0

1.5

2.0

M
(<

r)
/f

b
M

to
t(
<

r)

z = 0

Hot CGM

Warm CGM

Cool CGM

Wind

ISM

Stars

(T>0.5 Tvir)
(Tphoto<T<Tvir)
(T<Tphoto)



11 12 13 14

log(Mhalo/MØ)

0.2

0.4

0.6

0.8

1.0

M
/f

b
M

ha
lo

z = 2.0

No Feedback

12 13 14

log(Mhalo/MØ)

Stellar feedback

12 13 14

log(Mhalo/MØ)

Stellar fb + AGN winds

12 13 14

log(Mhalo/MØ)

Stellar fb +
AGN winds + jets

[Sorini+ 2022]

Feedback decreases the 
baryon mass fraction

10°2 10°1 100 101

r/r200

0.0

0.5

1.0

1.5

2.0

M
(<

r)
/f

b
M

to
t(
<

r)

z = 0

Hot CGM

Warm CGM

Cool CGM

Wind

ISM

Stars

10°2 10°1 100 101

r/r200

0.0

0.5

1.0

1.5

2.0

M
(<

r)
/f

b
M

to
t(
<

r)

z = 0

Hot CGM

Warm CGM

Cool CGM

Wind

ISM

Stars

(T>0.5 Tvir)
(Tphoto<T<Tvir)
(T<Tphoto)



11 12 13 14

log(Mhalo/MØ)

0.2

0.4

0.6

0.8

1.0

M
/f

b
M

ha
lo

z = 1.0

No Feedback

12 13 14

log(Mhalo/MØ)

Stellar feedback

12 13 14

log(Mhalo/MØ)

Stellar fb + AGN winds

12 13 14

log(Mhalo/MØ)

Stellar fb +
AGN winds + jets

[Sorini+ 2022]

Feedback decreases the 
baryon mass fraction

10°2 10°1 100 101

r/r200

0.0

0.5

1.0

1.5

2.0

M
(<

r)
/f

b
M

to
t(
<

r)

z = 0

Hot CGM

Warm CGM

Cool CGM

Wind

ISM

Stars

10°2 10°1 100 101

r/r200

0.0

0.5

1.0

1.5

2.0

M
(<

r)
/f

b
M

to
t(
<

r)

z = 0

Hot CGM

Warm CGM

Cool CGM

Wind

ISM

Stars

(T>0.5 Tvir)
(Tphoto<T<Tvir)
(T<Tphoto)



11 12 13 14

log(Mhalo/MØ)

0.2

0.4

0.6

0.8

1.0

M
/f

b
M

ha
lo

z = 0.0

No Feedback

12 13 14

log(Mhalo/MØ)

Stellar feedback

12 13 14

log(Mhalo/MØ)

Stellar fb + AGN winds

12 13 14

log(Mhalo/MØ)

Stellar fb +
AGN winds + jets

[Sorini+ 2022]

Feedback decreases the 
baryon mass fraction

10°2 10°1 100 101

r/r200

0.0

0.5

1.0

1.5

2.0

M
(<

r)
/f

b
M

to
t(
<

r)

z = 0

Hot CGM

Warm CGM

Cool CGM

Wind

ISM

Stars

10°2 10°1 100 101

r/r200

0.0

0.5

1.0

1.5

2.0

M
(<

r)
/f

b
M

to
t(
<

r)

z = 0

Hot CGM

Warm CGM

Cool CGM

Wind

ISM

Stars

(T>0.5 Tvir)
(Tphoto<T<Tvir)
(T<Tphoto)



AGN jets push baryons out 
to ~20 r200 by z=0
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AGN jets suppress late-time star formation

Lucie Scharré

Fiducial
AGN winds + jets
AGN winds
Stellar feedback only
No feedback
Madau & Dickinson (2014)

Redshift

lo
g(

SF
R 

de
ns

ity
 [M

Su
n

yr
-1

cM
pc

-3
])

[see also Vogelsberger+2013, Weinberger+ 2017]



Main mechanisms shaping the distribution of baryons in

the universe, the thermal state of the IGM and star

formation history:

Ø Stellar feedback in lower mass halos at z>2

Ø AGN jets in higher mass halos at z<2

MNRAS 516, 883-906 (2022) Conclusions
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Increase statistics at high-mass end with Millennium-TNG
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AGN jets associated with less steep gas density profiles in

group-size haloes

Preliminary Conclusions



Jets turn on at z<2
Jet Feedback and the PUC in S���� 7

Figure 2. Temperature slices from the 50h�1Mpc S���� simulations with AGN jet feedback (left 3 panels) and from the No-jet run (right 3 panels). The top
panels are at z = 2, the middle panels are at z = 1, and the bottom panels are at z = 0. The jet feedback clearly has a dramatic e�ect on the temperature of the
IGM by z = 0, with many Mpc-scale regions heated by jet energy.
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