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@ Dark matter halo bias



Why are we interested in the bias parameters of dark matter halos?

Image credit : lllustris collaboration

Bias formalism: link the distribution of LSS tracers to that of the
underlying dark matter



D> Perturbation theory: statistics of halos written in terms of bias
parameters bp multiplying operators O constructed out of the
matter density field §,, and the tidal field

i0; 1

v2 3 Yy
> Bias expansion

(7, %, M) ZboTM T,X)

e.g. Desjacques et al. (2018)
0p: fractional number density perturbation of halos

> Up to 2" order:
Op = b10m + b262 + by2K? + bg2s V26,

K2 = KK



© Higher-derivative bias from amplified-mode simulations



Amplified-mode simulations

D> Superimpose a plane wave to the initial random density field
5 (x) = 61 (x) + A cos(kg - x)
> Amplifies contribution of by25V20,, in bias expansion
Op = b1Om + bg2sV0m

> Implementation in simulations straightforward since only need to
modify initial distribution of particles before running the simulation
in traditional way

> Fourier space density

(k) = 60 (nke) + ﬁ(é’( + 65 m)



Estimating byzs

> Halo density field

Sh(x) = ”’;_7(:) — 1= By cos(kox), Bp=[b1 — byosk?]Bm

> Need to estimate B, — use a x2 given by
1 _
X2 = Z W [nh(x,-) — Np (1 + Bh COS(kOX,'))]2
Xj

D> Least-squares estimator

2 Zhalos COS(k()X,')
Nhalos

B— B—
98, X X(Bn) =0«



Estimating byzs

> In practice

Bi(ko, +4) — Bi(ko, —2)
2A

= by — (by2s + by Cep) kg

> Run a suite of amplified-mode simulations for various kg, and fit
a second-order polynomial in kg to this ratio to get an estimate for
by25(M)

> Use the results of Lazeyras+ (2015) for by

> Effective matter sound speed Cfeﬁ measured from 1-loop matter
power spectrum

'Dmm(k) - Pl—loop(k)
Py (k)

= —2C2 gk



Other measurements and prediction

> bgzs has units [length]? — naive expectation
by2s(M) ~ —RE(M)

> Peak model together with velocity bias — scale-dependent bias
for peaks

Bardeen+ (1986), Desjacques (2008), Desjacques & Sheth (2010)

> Abidi & Baldauf (2018): fit to 1-loop halo-matter power
spectrum with 1 free parameter

PL1%P (k) o by, by, b2, bya, bozs
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by25(M) = —5.9log M + 71.3 (Mpc/h)?
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Conclusions and Outlook

@ First robust measurement of by2s using amplified-mode
simulations

@ Results consistent with —RE as naively expected

@ Good overall agreement of our results with Abidi & Baldauf
(2018) as a cross-check of our results

@ Important implications for future works such as determining
the reach of perturbation theory, studying stochasticity of
halo formation (coming from small scale perturbations) in
more details, or accurately model galaxy statistics for surveys
by including more bias parameters



Measuring b(k)
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Comparison with 1-loop P, results
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