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Large-scale structure & bias

» we observe LSS in galaxies, QSO’s, etc., but we
calculate the clustering of underlying matter

*the two are related by the bias b, a measure of halo
clustering

«if halo formation is a local process, then on large scales
6h:bh 6m,
=> Ena=bn &, and Ei=2b= &,
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* halos are thought to form from primordial density
peaks. So halo clustering reflects two terms:

5n(Q)=8pic+Om(a)
b=(SpictOm)/ Sm=1+by

1. this greatly simplifies things! Dynamics becomes
(mostly) unimportant; problem reduces to
Gaussian statistics.

2. one term is time dependent, one term is constant
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mass dependence of bias

example: Press-Schechter:
e dn=b 8— bi=n"}(dn/dd) = -n"}(dn/dd.).
e nps xd. exp(-(8./0)?) = b = d./0%- 8.

two regimes:
1. high mass, 0«d.. steep mass function gives strong
clustering

2. low mass, 0»98.. raising the background density
decreases the number of low-mass halos — anti-bias



dependence on other parameters

high mass
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bias at low-masses

because oldest halos stop growing,
they act like test particles moving
along bulk flows

so they should become unbiased
over time, b—1

other low-mass halos should be
anti-biased

so the extent of assembly bias at
low M is not surprising



similar result from Gao & White (2007)
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e bias and age both depend on peak height and slope
(curvature)

e higher d : higher age, higher bias
e higher |s| : higher age, lower bias
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how do they survive?

e most of the material near big halos get
eaten... why do the old small halos survive?

Lagrangian subpeaks in/near big peaks




» bias and age both depend on peak height and slope

(curvature)
e higher d : higher age, higher bias
e higher |s| : higher age, lower bias

split on

d(lag 8)/d(log M)




toy model

generate Gaussian random density field

smooth on mass scale M and find peaks
label as collapsed those peaks with 8>3,
allow subpeaks to collapse also if Exne>0

simulation _ toy model




summary

* assembly bias at high masses is explained by
statistics of Gaussian peaks

e at low masses, assembly bias largely driven
by non-accreting low-mass halos in hot
environments.

e the stunted low-mass halos tend to become
unbiased, while other low-M halos are anti-
biased



