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Fitting a Model to Data

Model: 1, (0)

Data: ;sz

Quality of the Fit —— X2 — Zi,j (jz — Ly (oik — Ly (6))
Tightness of the — 1 LIS (% — 2 (0 —x.(0
Sghenesofthe . 0(6) = e~ Kyl — 2010, T —20)

Maximum / Assuming the wrong covariance can lead to:
Likelihood Point e Poor evaluation on quality of fit

e Distorted confidence regions

e Biased constraints on parameters




Covariances in Cosmology

Assume cosmology

Preferred galaxy formation
model (HOD, SHAM,
semi-analytics)

v
Repeat O(10°)times

Estimate covariance from them

Ok, k') = 5= SN o (Pi(k) — (P(k)(Pi(K') — (P(K)))

figure credit: Wechsler & Tinker



Choosing Wrong Fiducial Cosmology
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Choosing Wrong Fiducial Cosmology
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Bias Expansion for Covariance Matrices

Bias Expansion for Covariances /\ S PSR CovEL Ahcs
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Taken from Wadekar & Scoccimarro (2019)



Hybrid Lagrangian Bias Model

CMASS-like sample at z=0.6 and 7= 0.0003[/Mpc]?
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We have developed a model which is : //

accurate until very small scales. 2U0E — k=06 ]
[ m— fmax =0.5

< 1500f el

Thus, we need a covariance matrix 2 ook — =03 1

. . . . A, - — kmax =0.2 ]

that is also accurate in this regime. : — k=01
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Pellejero-lbanez, Angulo, Zennaro, Stuecker, Contreras, Arico, FM
(2022)


https://ui.adsabs.harvard.edu/search/q=author:%22Pellejero-Ibanez%2C+Marcos%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/search/q=author:%22Angulo%2C+Raul+E.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/search/q=author:%22Zennaro%2C+Matteo%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/search/q=author:%22Contreras%2C+Sergio%22&sort=date%20desc,%20bibcode%20desc

Hybrid Lagrangian Bias Model

Second-order Lagrangian bias expansion plus non-local term
[ 14 6,(q) = 1+ bydy + bad? + bas? + by V28, + O(5) ]

use displacements of particles computed from N-Body simulations to move tracers from Lagrangian to Eulerian space.

pp(x) = / Bapr (@6 (x - q - P(a))

The expression for the galaxy density in Eulerian space then becomes:

59 (X) ~ 0+ b10s + bads2 + bs282 + by iy

and computing the galaxy power spectrum, one can write it as a linear combination of 15 auto and cross-spectra between

S =

the basis fields
> bib; Py (k) +

ng(k) .
i,5€[1,8,62,52,V26]



Choosing Wrong Fiducial Cosmology

Pyg(k) = > 2 bib; Pi; (k) +% B Cyy(k,E') = ((Pyy(k) — (Pyg(k))) (Pyg(K') — (Pye(K'))))

[Cg =Y im b;b;b;b,,, Cij 1, + shot-noise J

Cijm (k) = 55 SN (PP (k) — (P (k) (P (K) — (Pon (K)))



Choosing Wrong Fiducial Cosmology

Fiducial
Cosmology )
) —— Cg = Zz’j,lm bibjblmeij,lm + shot-noise
credit: Wechsler & Tinker
P, = Cym(kF) = 75 TIL (B (k) — (Py (k) (P (K) = (P (K)))
i,j € [1,4,4%,s%, V24
|\ J

~
Repeat O(10%)times



Set of 1800 simulations run AbacusSummit: A Massive Set of High-Accuracy, High-Resolution N-Body Simulations

Nina Maksimova, Lehman Garrison, Daniel Eisenstein, Boryana Hadzhiyska, Sownak Bose, and Thomas Satterthwaite *.OAI\ RIDGE ‘ A BACUS UMMIT Ea

with Planck 2018 cosmology

139 base simulations | 60 trillion particles | 97 cosmologies | 67billionhalos | Particle mass 2 x10°h™ M, | @ AbacusSummit.readthedocs.io

L = 500[h/Mpc]
N, = 536°

b——+—— Size: 2 Gpc/h ———— p————— Size: 250 Mpc/h ———— p———— Size: 20Mpc/h ————




Bias Expansion for Covariances: Halos

10° 1 1 T
Halos from the AbacusSummit suite of
simulations divided into three mass bins. e
S
We fit their power spectra using the §‘ 10%
coevolution relations from <
Q.

Zennaro et. al. (2021) I |0910(M/Mo) €[12,12.5]
I logw(M/Ms) €[12.5,13]

3
10 1 I logw(M/Ms)€E€[13,14]

P (k) = Zi,j b;b; P;j + A%

k[h/Mpc]



Bias Expansion for Covariances: Halos

Haloes, kg = 0.75h Mpc™!, kpax = 0.7h Mpc™!

by (by) =  —0.09143(b})? +0.7093(b)?* - 0.2607h} — 0.3469
bgz (1) = 0.02278(bY)? - 0.005503 (bL)2 - 0.5904b1 - 0.1174
va‘z‘S (b1) = —0.6971(b})? +0.7892(b1)? +0.5882b% — 0.1072

Galaxies, kg = 0.75h Mpc™!, kmax = 0.7h Mpc™!

by (bl) = 0.01677(b})* - 0.005116(b})? +0.4279b% - 0.1635
bi‘z (b1) = —0.3605(b})* +0.5649(b)? - 0.1412b% - 0.01318
bl (b7) = 0.2298(b))* —2.096(b)* +0.7816b] - 0.1545

Zennaro, Angulo, Contreras, Pellejero-lbanez, FM (2022)

L
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https://ui.adsabs.harvard.edu/search/q=author:%22Zennaro%2C+Matteo%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/search/q=author:%22Contreras%2C+Sergio%22&sort=date%20desc,%20bibcode%20desc

Results

Loor Il Bias Expansion
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Results

logi0(M/Mos) €[12.5,13]
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Results

’l“ij =

C(k;,k;)

N \/C(ki,kz- )C(k; k)
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Results

LRG ELG

1.0

Using the Multi-Trace HOD implemented 0.5
for AbacusUtils, we can populate the
simulations with galaxies. This HOD is 0.0

based in Alam et al. (2021). — —
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0.5 1 .
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Bias Expansion for Covariances: Halos
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Bias Expansion for Covariances: Halos

Abacus Small redshift z=0.8 -- M2

B True
Il Bias Expansion
B Wrong Bias Parameters

ORE
T g
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Conclusions

Upshots
e Hybrid Lagrangian Bias Expansion describes well the covariance matrix of simulated halos
e Correct posterior regions are recovered with good precision
e Allows for great flexibility in the galaxy-formation model
e  Works well even in mildly non-linear scales.

Future Developments

® Include third-order operators in the bias expansion
® Test the covariances for realistic analyses
e Further quantity the deviations caused by assuming wrong galaxy formation model



Bias Expansion for Covariances: Halos

Counting noise for a distribution of halos with Poisson statistics:

Con :% (B(k, k) + B(k, k') + B(k, —K')
+B(—k, K) + B(—k, —K) + B(K, —k')]

+ % [P(k +X') 4+ P(0) + P(k' — k) 4 P(k) + P(~k) + P(k') + P(—k')]

L
772,3



