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= R 282 (dark matter halo mass function)
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‘Real View’

Table 1. Mass fraction of dark matter and baryons inside haloes at z = (. The mass fractions are given with respect to the
total mass inside the simulation volume. The first row shows the fractions for all haloes in the Illustris full physics simulation.
The second row gives the mass contribution of haloes with a total mass higher than 5 x 10° M, and the third and fourth
rows show the respective values for haloes more massive than 10'? Mg and 1013 M), respectively. The last row gives the
mass fraction for all haloes of the non-radiative Illustris run (no star formation, feedback or cooling).

Per cent of total Per cent of total baryonic mass Per cent of total

dark matter mass baryons gas stars mass
All haloes 50.4 per cent 21.3 per cent 14.7 per cent 6.6 per cent
My > 5% 107 Mg 44.6 per cent 21.3 per cent 14.7 per cent 6.6 per cent 40.7 per cent
My > 1012 Mg 29.3 per cent 9.8 per cent 4.8 per cent 5.0 percent 26.0 per cent
My > 1013 Mg 20.1 per cent 7.2 per cent 4.0 per cent 3.2 percent 18.0 per cent
Mo > 101 Mg 11.8 per cent 6.0 per cent 3.7 per cent 2.3 percent 10.8 per cent
All haloes, non-radiative run 49.8 per cent 39.1 per cent - 48.0 per cent

Haider et al. 2016
2024/4/20
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Effects of Baryonic Feedback on the Cosmic Web

James Sunseri (9*
! Department of Astronomy, University of California, Berkeley, CA 94720-3411, USA and
?Department of Physics, University of California, Berkeley, CA 94720-7300, USA

Zack Li (&
Canadian Institute for Theoretical Astrophysics, University of Toronto, Toronto, ON, Canada M5S 3HS

Jia Liu @
Kavli IPMU (WPI), UTIAS, The University of Tokyo, Kashiwa, Chiba 277-8583, Japan
(Dated: December 13, 2022)

We study the effect of baryons on the cosmic web halos, filaments, walls, and voids. To
do so, we apply a modified version of NEXUS, a cosmic web morphological analysis algorithm,
to the IMustrisTNG simulations. We find that halos lose more than 10% of their mass due to
baryons, mostly to filaments and a small portion to walls and voids. However, the mass transfer
does not significantly shift the boundaries of structures, leaving the volume fractions of the cosmic
structures largely unaffected. We quantify the effects of baryonic feedback on the power spectrum
and the probability density function (PDF) of the density field for individual cosmic structures.
For the power spectrum, most suppression due to feedback can be accounted for by including
M > 10"* Mg /h halos, without considering other cosmic structures. However, when examining the
PDF of the density field, we find nearly 100% suppression of the emptiest regions and 10%-level
effects (boost or suppression) in the remaining regions of filaments, walls, and voids. Our results
indicate the importance of modeling the effects of baryons in the whole cosmic web, not just halos,
for cosmological analysis beyond two-point statistics or field-based inferences. Our code is available
through COSMOMMF GITHUB.

DOI: 10.1103/PhysRevD.107.023514
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How do baryonic effects on the cosmic matter distribution vary with scale
and local density environment?

Yun Wang “! and Ping He “''2*

! College of Physics, Jilin University, Changchun 130012, China
Center for High Energy Physics, Peking University, Beijing 100871, China

Accepted 2024 January 18. Received 2024 January 18; in original form 2023 October 31

ABSTRACT

In this study, we investigate how the baryonic effects vary with scale and local density environment mainly by utilizing a novel
statistic, the environment-dependent wavelet power spectrum (env-WPS). With four state-of-the-art cosmological simulation
suites, EAGLE (Evolution and Assembly of GaLaxies and their Environments), SIMBA, Illustris, and [lustrisTNG, we compare
the env-WPS of the total matter density field between the hydrodynamic and dark matter-only runs at z = 0. We find that the
clustering is most strongly suppressed in the emptiest environment of pp,/pm < 0.1 with maximum amplitudes ~67-89 per cent
on scales ~1.86-10.96 hMpc !, and less suppressed in higher density environments on small scales (except [llustris). In the envi-
ronments of pp/pm = 0.316 (=10 in EAGLE), the feedbacks also lead to enhancement features at intermediate and large scales,
which is most pronounced in the densest environment of p, /5, = 100 and reaches a maximum ~7-135 per cent on scales ~0.87—
2.62 hMpc~! (except Illustris). The baryon fraction of the local environment decreases with increasing density, denoting the feed-
back strength, and potentially explaining some differences between simulations. We also measure the volume and mass fractions of
local environments, which are affected by > 1 per cent due to baryon physics. In conclusion, our results show that the baryonic pro-
cesses can strongly modify the overall cosmic structure on the scales of k > 0.1 AMpc ™!, which encourages further research in this
direction.
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(environment—dependent \Wavelet Power Spectrum, env—\WPS)

env—-WPS

P(w,8) = <‘S(w’x)’2>6(x)=6
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Table 2. The local density environments.

S 8]-RE 72T

ING-300 /-

TNG-100.

o 5, = 5 5 85 86 87
Sm € [—1,-09) [—0.9, —0.684)  [—0.684,0) [0, 2.162) [2.162, 9) [9, 30.623) [30.623, 99) [99, +00)
P/ Pm € [0, 0.1) [0.1,0.316) [0.316, 1) [1,3.162) [3.162, 10) [10,31.623)  [31.623, 100) [100, +00)

2024/4/20

FRELTLHBER

25



B &k ~ 0.1 hMpc™!, KEDZEEMEHEIMEREERSZET ~ 1%

Illustris TNG100 TNG300
T M T T T T T
107! : ,
6
2 ..........
10 .
=
= () 4
iﬁ o <
3
-10 2 5
~10 1 1
: 0
—10" 1 1 L
10 10" 10° 107! 10° 101

E [hMpc '] k [RMpc '] k [hMpc 1] k [hMpc ']

2024/4/20 TV



B Tk ~01hMpct, KA EZEEREFHMEHREEEMLEZT~ 1%
B Ep/p <0.1(5)IRFERE, YERMKETEL86 — 10.96 h Mpc 1 HIR ESEEI# ]
HT67—-89%, fEp/p > 0.1MEEIRE, MFEEREZEILSMAE/

[llustris SIMBA EAGLE TNG100 TNG300

I 2 ] ] 1 I |
10° - 10° 10 1071 10°
E [hMpc 1] k [hMpe 1] E [hMpec 1] E [hMpce 1]

2024/4/20



B 7k ~01hMpc!, KEBRPZERERHYIRBEEEESLET~ 1%

W Ep/p <01 (5)HIRZFEINE, MEMKETEL.86 — 10.96 h Mpc 1B R EE B # I
HT67—89%,; Ep/p >0 1MEEINE, HFHIIZEREEZEIES MR

B TE£p/p > 0.3 (8;) IEEMEE (EAGLE: p/p > 10), MEREAEFERARE LT
£ 1838

B fEp/p > 100 (5, REBZINE, ¥ERABIEEIFEET0.87 — 2.62 h Mpc 1HIR
BiEZIRK, 447 — 15 % (llustriskxsb)

[llustris SIMBA EAGLE TNG100 TNG300

R (k, 8)

—_10" & : i ] = 1 L ; ] ] Tl L | i
10! 10° 10! 107L 10° 10t 107! 10° 10! 1071 10° 10! 107 10° 10?

E [hMpc 1] k [hMpe 1] k [hMpe 1] E [hMpec 1] E [hMpce 1]

2024/4/20 R LT HEH




1072 s -

—Wavelet ]
---Fourier 1

R, (k)

—107!

—100 B

2024/4/20

—1072f

global-WPS K R%E

_ P (k)
0= oo (B)

= 19 (8) Bayaro (k) /Ponio (k) — 1
= 3 [ (6) +11 [R(5,6) +1) Qoo (k,8) —1

[ llustris

E SIMBA
- EAGLE
 TNG100
© TNG300
1ol " PR S S S N | L Lol
10! 10° 10!
k [hMpc!]

® global-WPSHYHHIR b 5 8 2T
FiRLFREER

FRELTHBER



global-WPSHIH ¥ HRE

R(k)zw—l

PDMO (k)

-

_________________
------
- ~

— Z(’JIL_IYdrO (6) PHydrO (k) /PDMO glg})_ 1

-~

___________________________
—-—— -~
- S~

-~ -
- -
———————————————————————————

-
———————————————————

102 s .
—Wavelet 1
---Fourier 1

Rlll (k)

[ Illustris
L SIMBA
—-107'F EAGLE
r TNG100
- TNG300

—1072

—100 B
1071

Ll
10°
k [hMpc!]

rv(d)

® global-WPSHI N HI XL 5 I 1))
FRNFREER

B RS HBEE R EIE KT
B RESUBEEZEIBATMIER

B RFRFRERLTE> 1%

Ilustris

~F SIMBA

EAGLE
TNG100

sl TNG300

RS

10°

\
F Hlustris
[ SIMBA

t EAGLE
t TNG100

. TNG300

2024/4/20

FARELTHBER



B 5ERE B EXTglobal-WPSH 3L

global-WPS ¥ {RZE

R(k) = Prsan® FERBERIN s
Bool)
= > G (6) Pryaro () /Powio (B9 — 1
e ===

e e e
o ~——
- -~

- -
- -
———————————————————————————

llustris

TNG100 TNG300

Jv(8) P (k. 8)/ Ponio (k)

(= - - R =N 1 B R |

T
k [hMpc 1]

2024/4/20 R LT HEH



global-WPS ¥ {RZE

R(k)zw—l

B SEE E R Tglobal-WPSH 3%

RRSTERERILA "HIIRE"

P k Vi 4 =
Dh/i(zﬁ(_a)_ _____ e e \ | BERZE" By gﬁ,‘ﬁﬁﬁikknot{la:
=) G (8) Payaro (k) /Poyio () — 1
e k ~1hMpct
— (,fj:\i.(?) +1] [R(%,6) +1]@Qbmo (I_CE) —1
A0 T RO T o
EAGLE _ ___TNG100 TNG300

llustris

Jv(8) P (k. 8)/ Ponio (k)

(= - - R =N 1 B R |

101 1071 10° 10*

k [hMpc ] k [RMpc 1]

2024/4/20

FARELTHBER



global-WPS ¥ {RZE

ﬁHydro (k) _

R(k) =

___________________________
—-—— -~
- ~

-
-~ -
----------_------—--——_-_——

[llustris

____________________
]
-~

-
———————————————————

B SEE E R Tglobal-WPSH 3%

MBI TRENERIMA "

B MR MERREkgo LT
k ~1hMpc?

Bk < kynor. global-WPSHEIHIH| £ E
kB XA REENE (i)

B k> koo global-WPSHISPHI £ E
KEBRXRENHZIMNE (BF)

TNG100 TNG300

101

Fv(8) P (k, 8)/ Ponio (k)

2024/4/20

FARELTHBER

S = b = Gt Oy =]



B k>01hMpc ' IRE, EFWENAENZERREH~ETEREZMIEA,
MIERNERBZINMERIY RS 1.

2024/4/20 TV



B Ek>01hMpc ' IRE, ETFYENAENZERESETREZNER,
miE R M T H BB IMNEHW RS,

B EAKRBAFAER: FLAMINGO. MillenniumTNG. -

2024/4/20 TV



B Ek>01hMpc ' IRE, ETFYENAENZERESETREZNER,
miE R M T H BB IMNEHW RS,

B EAKRBAFAER: FLAMINGO. MillenniumTNG. -

B ETYESHANEE. BEXERYISSIAEMY: CAMELS

2024/4/20 FRELT HBEH



B Ek>01hMpc ' IRE, ETFYENAENZERESETREZNER,
miE R M T H BB IMNEHW RS,

B EAKRBAFAER: FLAMINGO. MillenniumTNG. -

n EFYESKAEE. MG XEMEISIIAEN: CAMELS
m ENRREMTEEMSRAE: NEXUS, -

2024/4/20



oISl A

1/s B D fed; D . 1. . ]

el

<<<<<<<<<<<<

Tl

............

~~~~~~~~~~~~

mv




