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Halo Bias

e |f halos are formed without regard to the underlying density
fluctuation and move under thgavitational fieldthen their
number density is annbiased tracesf the dark matter density

e Howeverspherical collapssays the probability of forming a halo
depends on thmitial density field

e Large scale densitffeld acts as “background” enhancement of
probability of forming a halo or “peak”

e Peak-Backgroun&plit (
)
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Perturbed Mass Function

e Density fluctuatiorsplit

5=05,+86,

e Lowersthethresholdfor collapse
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so thaty = d.,/0
e Taylor expanchumber density.,, = dn/dIn M

)

ov

an dv

dv déb
If mass function is given b¥ress-Schechter

ny o vexp(—v?/2)



Halo Bias

e Halos arebiased traceref the “background” dark matter field with
a biash( M) that is given by spherical collapse and the form of the
mass function
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e For Press-Schechter
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e Improved by the Sheth-Torman mass function
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with ¢« = 0.75 andp = 0.3 to match simulations.
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Numerical Bias

Example ofhalo biasfrom a simulation (from

<b(M)> =<Enm/Emm>
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What is a Halo?

e Mass function and halo bias depend on the definitiomas$s of a
halo

e Agreement with simulations depend on hbalos are identified

e Otherobservablegassociated galaxiex -ray, SZ) depend on the
details of the density profile

e Fortunately, simulations have shown that halos take on a near
universal formin their density profileat least on large scales.



NFW Halo

e Density profilewell-described by(

_ Ps
plr) = (r/rs)(1 4+ 1/15)?
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Transforming the Masses

e NFW profile gives a way of transforming different mass definitions
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Lack of Concentration?

e NFW parameters may be recast irith, the mass of a halo out to
thevirial radiusr, where the overdensity wrt mean reaches
A, = 180.

e Concentratiorparameter

Ty
C = —
s

e CDM predictsc ~ 10 for M, halos.Too centrally concentratdor
galactic rotation curves?

e Possible discrepancy has lead to the exploraticmaok matter
alternativeswarm (m ~keV) dark matter, self-interacting
dark-matter, annihillating dark matter, ultra-light “fuzzy” dark
matter,. . .



The Halo Model

e NFW halos of abundance,; given bymass functionclustered
according to thénalo biash(M') and thelinear theoryP (k)

e Power spectrunexample:
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Non-Linear Power Spectrum

Non-linear power spectrum is composed of dark matter halos that
are clustered according to the halo bi#aghe clustering due to the
halo density profile

Pu(k,2) = I;(k, 2)P(k, 2) + I (k, 2)

where
Lk, 2) = / d1n M (pm (i”: 0)) dl‘i”Mb(M)y(k,M)
Lk, 2) = /dlnM (pm(iw: 0))2 dl‘fl"MyQ(k,M)

andy is the Fourier transform of the halo profile wigl0, M) = 1

1 [™ in(k
y(k, M) = M/o dramr?p(r, M)Smk(rr)




Galaxy Power Spectrum

e For galaxies, one defines a halo occupation distribution which
determines the number of galaxies (satisfying a certain
observational criteria) that can occupy a halo of mbiss

e Take a simple example of a mass selection on the galaxies, then
N(M) = 0for M < My, and above threshold
N(M)=C+ S(M) whereC = 1 accounts for the central galaxy
and satellite galaxies follow a poisson distribution with mean
S(M) ~ M /30 My,



Galaxy Power Spectrum

e Then assuming that satellites are distributed according to the mas
profile

Pk, 2) = I3(k, 2)P(k, 2) + I, (k, 2)

where

I(k, 2) = n;l / dln M dl‘i”Mb(M)[c ke, M)S(M)]

I (k. 2) = n; 1 / din M dl‘fl”M 2 (M) (k, M) + 2CS(M)y(k, M)

e Break between the one and two halo regime first seen by SDSS



Galaxy Power Spectrum
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e An explanation of the nearlyower lawgalaxy spectrum



Incredible, Extensible Halo Model

e An industry developed to buildemi-analytic modelfor wide
variety ofcosmological observablémsed on the halo model

e |dea: associate arbservabldgalaxies, gas, ...) witbark matter
halos

e Let thehalo modeldescribe the statistics of the observable

e Theoverextendethalo model?



Halo Temperature

e Motivate withisothermal distributioncorrect from simulations
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e EXxpress in terms ofirial massM, enclosed atirial radiusr,
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o ThenT oc M7 (pmA,)Y/3 or

M, f T 13/2
<1015h1M@> - [(1 + 2)(Qn )13 1keV
e Theory (X-ray weighted).f ~ 0.75; observationg ~ 0.54.

Difference iscrucialin determining cosmology fromluster
countg



