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better galaxies =
better cosmology
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https://www.ipmu.jp/en/20231221-Non-Gaussianity , based off Kurita & Takada 2023
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| Measures local primordial non-Gaussianity
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Measuring non-zero fy; helps constrain the process of inflation

fNL = '0.9 -—I- 5.1 (68%)

but | can’t go past k ~0.05 h” Mpc
and I'm nearing my cosmic
variance limit ®

That’s okay—/'ll use galaxy
clustering past k> 0.3 h"'Mpc
and reduce that error bar to
within 1!
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parameters in analyses of galaxy clustering!
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L et’s try what works for halos:
“universality relation”
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b¢(Z) =20,(b(z) — 1)
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Let’s try what works for halos: b¢(Z) =25 ( bl(z) —1)

“universality relation”

Issue 1: not perfect for simulated halos

Issue 2 : priors on b;and b, are supremely
important for your final fy, constraint




Let’s try what works for halos: b¢(Z) — 25 ( bl(Z) — 1 )

“universality relation”

Issue 2 : priors on b, and by, are supremely important for your final fy, constraint

Can we actually constrain fyy, using Same BOSS galaxy data,
the scale-dependent bias effect? different priors for b¢ and b.

An illustration of the impact of galaxy bias uncertainties using the
BOSS DR12 galaxy power spectrum

Alexandre Barreira®®

%Excellence Cluster ORIGINS, Boltzmannstrafie 2, 85748 Garching, Germany
bLudwig—Maximilians—Universitét, Schellingstrafle 4, 80799 Miinchen, Germany



Let’s try what works for halos: b¢(Z) — 25 ( bl(Z) — 1 )

“universality relation”

Issue 2 : priors on b, and by, are supremely important for your final fy, constraint

Can we actually constrain fy[, using Same BOSS galaxy data,
- I ? . .
the scale-dependent bias effect? different priors for by and b,
An illustration of the impact of galaxy bias uncertainties using the
BOSS DR12 galaxy power spectrum l
a,b
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Let’s try what works for halos: b¢(Z) — 25 ( bl(Z) — 1 )

“universality relation”

Issue 2 : priors on b, and by, are supremely important for your final fy, constraint

Same BOSS galaxy data,
different priors for by and b,

!

fy. =16 x16 or
fy =230 £ 226

Can we actually constrain fy, using
the scale-dependent bias effect? [/~

An illustration of the impact of galaxy bias uncertaintigs
BOSS DR12 galaxy power spectrum -

Alexandre Barreira®®

%Excellence Cluster ORIGINS, Boltzman
bLudwig—Maximilians—UniversitéLt, Schelli
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Can galaxy simulations help? (@] FLATIRON
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Universality relation: by = 20.(by — 1)

15 :
Data from separate
universes w/ lllustrisTNG.
10 F
5 L
o Total mass bins
Stellar mass bins
() Neutral H (21cm) &
BI-II mass acclretion bins

1 2 3 4 5
by

Barreira++ arXiv:2006.09368, arXiv:2107.06887 , arXiv:2112.03253



Can galaxy simulations help? (@] FLATIRON

Universality relation: by = 20.(by — 1)

15 1 1
Data from separate
universes w/ lllustrisTNG.
10+
5 L
Stellar mass bins
() Neutral H (21cm) &
Bl-f mass aCC{etion bins
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What about different parameters
within the same galaxy model?

What about other galaxy models?

Barreira++ arXiv:2006.09368, arXiv:2107.06887 , arXiv:2112.03253



Can galaxy simulations help?

relation: by = 20.(by — 1)

Universality
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What about different parameters
within the same galaxy model?

What about other galaxy models?

How much better could our
cosmology be if we quantify our
ignorance around galaxy
formation?

Barreira++ arXiv:2006.09368, arXiv:2107.06887 , arXiv:2112.03253



Let’s pin down b, with the Santa Cruz
Semi-Analytic Model for Galaxy Formation
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Separate Universe
simulations to

measure b¢

(205 h-1cMpc)?, N=12802, same
initial conditions, different og

+

Several dozen unique
runs of the SC-SAM

Vary 3 parameters for SN & AGN
feedback (see Perez, Genel, + 2023)



Separate Universes method for (@] FLATIRON
measuring galaxy bias
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Separate Universes method for (@] FLATIRON

measuring galaxy bias
» » ) The local structure
(K2) = b (2)5 (K2)+bg (2) f = ¢ (&%)  formation response to long-
g+ ! m*™ A DL ]
W wavelength perturbations is
equivalent to structure

formation in a different
cosmology

~ Ng (E,2)
59 (K,2) = :9 == =11 i Gmovivy qalaky
nﬂlz;%) mean  dmsines



Separate Universes method for (@] FLATIRON

measuring galaxy bias
10 ~ ) The local structure
6 UZ’%) = b1(%)8 m (K) )+ bo (")f;'f ¢ (%) formation response to.lang.—
) wavelength perturbations is

equivalent to structure

ﬂ Ck %) Jocad 1
gg (€, = @ Ly == eI N formation in a different
’ ) cosmology

(= o In (Y\9 (2)) bt = 4 din (V\gt%))

Bias = the response of galaxy

0| 5 l,(%) d S‘A«s density to a different cosmology!

(Sm ( '4)%> 4 J?NL ¢ (Y-) a.k.a. “Separate Universes |
oy ~ (from the peak background split)




Let’s pin down b, with the Santa Cruz
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Semi-Analytic Model for Galaxy Formation
Separate Universe dln (y\s (%))
simulations to be 47— d SA
measure by, S

( -1cMpc)®, N= 3,same ~
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Several dozen unique by, = how galaxy counts/density

runs of the SC-SAM respond to changing the primordial

Vary 3 parameters for SN & AGN

feedback (see Perez, Genel, + 2023) pOWGF SpeCtrum (AS or o-8)



Let’s pin down b, with the Santa Cruz
Semi-Analytic Model for Galaxy Formation
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Separate Universe
simulations to

measure b¢

(205 h-1cMpc)?, N=12802, same
initial conditions, different og

4 mass outflow rate due to SN & massive stars

+ & mass ejected by an AGN in radio jets
Several dozen unique
runs of the SC-SAM I e kT Mgy
Vary 3 parameters for SN & AGN Mradio = [Kradio AT, Z) 108 M@

feedback (see Perez, Genel, + 2023)



Let’s pin down b, with the Santa Cruz
Semi-Analytic Model for Galaxy Formation
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Separate Universe
simulations to

measure b¢

(205 h-1cMpc)®, N=1280°2, same
initial conditions, different og

+

Several dozen unique Understand how by and by, (b,) varies
runs of the SC-SAM _} with galaxy selection across

Vary 3 parameters for SN & AGN different parametrizations of one
feedbaCk (See PereZ, Genel, + 2023) galaxy formation model



Let’s pin down b, with the Santa Cruz
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Semi-Analytic Model for Galaxy Formation
Separate Universe Do we agree with the lllustrisTNG findings, and
simulations to the few others measured for SAMs? Let’s get
measure by physically-motivated by priors for fy, analyses?

(205 h-1cMpc)?, N=12802, same

initial conditions, different o, T

Several dozen unique Understand how by and by, (b,) varies
runs of the SC-SAM _} with galaxy selection across

Vary 3 parameters for SN & AGN different parametrizations of one



How “realistic” is a given SAM parametrization? g+ s ariron

A1) Stellar Mass Function

i

--- Range for realism calculation
¥ Bernardi+2018: SED M+, w & w/out dust |1 |\

Bernardi+2018: dyn. M+ approx.
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Here, we compare to z=0 stellar mass
function between 9 <log;;(M,,,,) <11

Light- to-stellar mass is hard science

Black = beige is most to least ‘realistic’

Even extreme parameters can yield
realistic SMFs in unique combinations!



by, 2 how galaxy counts/density

b(l) dlffel’ ent galaxy SGlGC’[iOHS, Z=1 respond to changing the primordial

power spectrum (A, or 0y)

by by model realism, Mg,/ g by by model realism, SFR bs by model realism, sSFR
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Why? The galaxy-halo connection!

|0910 (SFR), My yr‘l

21
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Massive & quenched:

e Fid. SAM: 4.5% of 556,887

=31 e Asy1 min: 5.8% of 557,062

e Asy; max: 5.4% of 556,754

11.0 11.5 12.0 12.5 13.0
IOglO (Mhalo), Mo

'_l-Asnz

4 mass outflow rate due to SN & massive stars

Massive & quenched:
Fid. SAM: 4.5% of 556,887
e Agspy; min: 5.3% of 556,550
Aspyz max: 3.8% of 557,054

11.0 11.5 1290 12.5 13.0
IoglO (Mhalo), Mo

Halo Mass
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4 mass ejected by an AGN in radio jets
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Why? The galaxy-halo connection!

Stellar-Halo Mass Relationship

- Fid. SAM
ASNl min
— ASNl max
-15: T o
AAGN min
AAGN max
—~_.—2.0 .
SIS + mass outflow rate due to SN & massive stars
8 . ¥ mass ejected by an AGN in radio jets
T Myadio = Kradio . | 2
AT, Zy) | \ 108 Mg
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log10Mtor [M 6 ]



Why? The galaxy-halo connection! 4 ramron
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Stellar-Halo Mass Relationship M.ty Vs SFR, at z = 0.0
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by by model realism, sSFR

Why? The galaxy-halo connection! - N
Regulated sSFR- My, makes by(sSFR) standard 1

sSFR vs. My, Zz=1 'Main Sequence': one-parameter-at-a-time models . :zg
4 Mpaio vs. SSFRatz = 1.0 3 Mpaio vs. sSSFRatz = 1.0 i Mypaio vs. SSFRatz = 1.0

32 1 0 1 2
logio SSFR (Gyr™1)

logi1g (SSFR), Gyl"_1
logi1g (SSFR), Gyr‘1

Massive & quenched: Massive & quenched: Massive & quenched:

e Fid. SAM: 5.6% of 556,887 e Fid. SAM: 5.6% of 556,887 e Fid. SAM: 5.6% of 556,887
-4 o Asyi min: 6.7% of 557,062 -4 e Asy; min: 6.2% of 556,550 -4 o Ascy min: 4.0% of 557,084
o Asy; max: 4.8% of 556,754 o Aspyr max: 4.8% of 557,054 Apcny max: 6.2% of 556,642
11.0 11.5 12.0 12.5 13.0 11.0 11.5 12.0 12.5 13.0 11.0 11.5 12.0 12:5 13.0
l0g10 (Mhaio), Mo 10910 (Mhaio), Mo l0g10 (Mhao), Mo

Halo Mass

(The SC-SAM is correctly regulating star formation even as the parameters go wild)



(bcb ) bcl>, universality) VS. bl

15

Universality relation: by = 20.(by — 1)

Data from separate
universes w/ lllustrisTNG.
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Neutral H (21cm) =
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Barreira++ arXiv:2006.09368, arXiv:2107.06887,
arXiv:2112.03253 ‘
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If universality describes well,
points will clump near O!



b¢ - b¢, universality

b(I) VS. bl for Mstaw SER, SFR [@] FLATIRON
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Stellar Mass selections Instan. SFR selections Specific SFR selections
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What about other galaxy models?

b¢, universality

by -

High mass galaxies

M: > 8el0 M, h—1! by vs. b¢

Strongly star forming galaxies
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Reid et al. (2010) measure non-Gaussian assembly bias in the Munich SAM
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Next: get useful priors for fy; studies

by by model realism, Mg¢a,

12
But not all those
10 2?2 models are realistic!
020 o The prior should
s reflect that.
0.18N><
o 0.4 1
©
0.16 g
®) 0.3
Z ~
S
0.14 20
71 | A ——— S
. Galaxies
5 Barre.ira+2020 0.12 ' selected by
i lllustrisTNG | e.g. high stellar
8 9 10 11 12 by mass or SFR

loglO l\/j[star (M@)



0.3 1

P(by)
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Led by Annie

0.1 1

Moore, U of AZ

0.0 1

PhD candidate

Galaxies
selected by
e.g. high stellar
mass or SFR



Next: get useful priors for fy; studies:

plby )= ] 40, plby9,) plo, 10m)

o *use sepaLy Ot
| | yse full CAMELS-SAM
bo Prior margralinad s bgys L-100 hge sl o 10D &

OveX galaxy frmation gimulations ¢ be's (o ginalize over @smology)

Galaxies

P(by)

'V

selected by

Led by Annie 011 e.g. high stellar
Moore, U of AZ mass or SFR

PhD candidate N b




Next: get usetul priors for fyy; studies: | g;rammon
,ﬂ( by | 0bs )= J JQF pby 16..) p(O, |0bs) fi

M
¢
« B
- . DESI EL G-like selection in \ B
Preliminary results: this leads to stellar mass and specific SFR S
significant narrowing in the by, prior, ) . J
O¢ reduced by ~90%! (bg)su
But it depends on the observable, ] pP (9 M. - Z*)
limited by the fewer Sep. Univ. SC-SAMs ] p (0 SMF)
p (8|SHMR)'

by Priors Conditioned on Observed Data

Metric (bg)su <b¢>x2{0bs} p (bg|{Obs})

Led by Annie SMF SHMR M,-2Z,| SMF SHMR' M,-2Z,

(by) 143 | 120 141 139 | 115  1.25 1.15
Moore,UotAZ " 069 | 048 058 062 | 008  0.02 0.45
PhD candidate




Next: get usetul priors for fy; studies: g ramron
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p (b‘P I Obs)sf d‘@& P“’CP Ie@&) F(GGFIObQ (p ‘f,

Y N
. - , %:a
— _ DESI EL G-like selection in k B
Preliminary results: this leads to stellar mass and specific SFR i S
significant narrowing in the by, prior, 1 L y
Oy, reduced by ~90%! (bg)su
. B p(0M, -Z
2026arXiv260421790M p(6IM. - Z.)
B p (0|SMF)
p (8|]SHMR)'
by Priors Conditioned on Observed Data
| Metric (by)sv (B)x ons p (bs|{Obs})
Led y Annie SMF SHMR M, —Z, | SMF SHMR' M, - Z,
(bg) 143 | 120 141 1.39 1.15 1.25 1.15
Moore,UofAZ  * 069 | 048 058 062 | 008  0.02 0.45

PhD candidate



Summary & Takeaways: (@] FLATIRON
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* fyL will not be well constrained until we better understand how galaxy formation affects
galaxy bias parameters!

* With separate universe simulations and the Santa Cruz SAM, we measure non-Gaussian
galaxy bias by across several dozen parametrizations varying SN and AGN feedback

* All selections strongly diverge from the universality relation:

* Our stellar mass findings aligns well with previous lllustrisTNG b, measurements, but diverge a bit in by(b,)
* SFR selections yield chaotic by, and by(b;)
* sSFR seems robust to galaxy formation parameterizations, likely due to regulated star formation in the SC-SAM

* We agree with the by, (b,) measured in the Munich SAM—but we need more galaxy
formation models!

* We can get much narrower priors for by, by conditioning on how realistic a particular SC-
SAM parametrization is given some observable (Moore, LAP, & Krause in final prep)

Lucia A. Perez | April 21st, 2026 | BCCP/Cosmology Seminar
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)

Redshift
evolution of b¢?
Effect of
Individual
parameters?

Fid. SAM
Asy1 min
A5N1 max
A5N2 min
Agpyo max

Aagn min
AAGN max



