Halo biasing: peaks, scale dependence
and primordial non-Gaussianity
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Overview

* Do dark-matter halos form out of high density peaks?
(Ludlow & Porciani 2010)

* A new physical model for their scale-dependent bias
(Elia, Kulkarni, Porciani, Pietroni & Matarrese 2010)

* Halo bias and primordial non-Gaussianity
(Giannantonio & Porciani 2010, Phys. Rev. D, 81.063530)



The peaks formalism

* Key assumption: Halos of mass M form out of density
maxima in the linear density field smoothed on the scale M
where the peak height exceeds some threshold

 Combining this hypothesis with a dynamical model for the
collapse of the density peaks determines the linear bias of
the halos as a function of mass (Kaiser 1984, Cole & Kaiser
1989, Mo & White 1996, Desjacques 2008)

* And also their number density (Peacock & Heavens 1985,
Bardeen et al. 1986, Bond & Myers 1996, Sheth & Tormen
1999)
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N-body simulation: 643 particles, 14 comoving Mpc box, from z=6 to z=0

Conclusion: “The locations at which halos form are closely related to the peaks
of a suitably smoothed representation of the initial linear density field”
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N-body simulation: 1443 particles, 100 comoving Mpc box, from z=69 to z=0

Conclusion: “Peaks in the linear density field are not good indicators of the sites
of galaxy formation as determined by the dissipationless collapse of halos”
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N-body simulation: 2562 particles, 170 comoving Mpc box, from z=50 to z=0

Conclusion: “The centres of protohalos tend to lie in ~1o0 overdensity regions,
but their association with linear overdensity maxima smoothed on galactic
scales is vague: only ~40% of the halos contain peaks”



A few examples

Y (h" Mpe)

Porciani, Dekel, Hoffman 2002



CDM halos vs density peaks



Our new study

N-body simulations: 10243 particles, 150 and 1200 h* Mpc boxes, WMAP5
cosmology (from Pillepich, Porciani & Hahn 2010)

Halos identified with different finders and traced back to the initial
conditions

Linear density maxima identified by locating grid cells that are denser than
all 26 neighboring points after smoothing (using Gaussian or top hat
windows) with 60 different filtering radii equally spaced in log

Their evolution is followed by tagging the particle nearest to each peak
grid point

The subset of particles in a halo is scanned for matchings in the list of peak
particles (the ejection of particles during mergers is also accounted for)



Density maxima in a box
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Density peaks in a proto-halo
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Peaks within protohalos: statistics
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Are proto-halos and peaks correlated?
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Halos and peaks: statistics
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Are they really “peakless”?
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Lagrangian shapes
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Tides and velocity shear
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Lagrangian autocorrelation function
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Collapse threshold
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Halo mass function from peaks?
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Mass function from isolated peaks?
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Modeling scale-dependent halo
biasing



Scale-dependent biasing

Manera, Scoccimarro & Sheth 2009

bias from crosspower , z=0 , link=0.2
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A model is needed if we want to study galaxy clustering at larger wavenumbers
or build more accurate halo models



The distribution of dark matter haloes

Cole & Kaiser 1988
[ Peak-background split } Mo & White 1996

CP, PhD thesis, 1999
Catelan, CP et al. 1998a,b

CP et al. 1998

Background,
environment

™

time

Haloes collapse and move,
background evolves
dynamically

protohalo

Eulerian world

Lagrangian world
(initial conditions) (evolved distribution)

Exact solution: /

1+090,(x,z)=[1+9,(q)] [1+0(x,z)]

The bias of dark matter haloes is intrinsically stochastic, non-linear
and non-local!



Lagrangian halo bias

70

Dark-matter halos with
M>1.24 1013 ht Mg
|Identified at z=0 and

traced back to the linear 50
density field.

Lagrangian bias 0
determined from the
cross-spectrum with the 3o
linear mass density field.

Pm h (k)

0.05 0.1 0.5 1

k (h Mpe-?)

(b1 + bok?) P (k)e™* B°/2

Matsubara 1999
Desjacques 2008



Mathematical formulation

aérn _

5T + AV [(1 +6'm)V] . 0,
Matter fluid dv

B—T-I—Hv +(v:-V)v=-V¢,

v2¢ — g H2 Qm, 5'm 3
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Proto-halo fluid 57} + V- [(1 + 511)Vh] =0
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+Hvy + (vh - V)vy = -V



Mathematical formulation Il

In the absence of velocity bias:

w1(k,n) dm (k, )
n = In(D+/D+in), ( w2 (k,n) ) =e " ( —6(k,n)/(Hf+) )
ws3(k,n) on(k,n)

Oy a(k,n) = —Qar(n)en(k,n)
+8n’}’a\b\c(k, —Ps —Q)(Pb(p,’l]) (Pc(q, 77),

\ Vertex with non-vanishing components:

1
1121k, p, q) = 5 dp(k+p+d)a(p,q),

-1 0
o =| 3% 39, 1222(k, P, @) = dp(k +p +q) 5(p,q),
2 f+2 2 f+2 "{112(1(, q, p) - A-’121(1(1 P, Q)-
0 -1 1

323K, P, Q) = 7332(k, q, p) = m21(k, p, Q)
Matrix containing cosmology information



Linear solution

3/5 2/5 0 .
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Fry 1996)



Non-linear solution

We computed analytical 1-loop corrections to the propagator and
the power spectrum

As in Crocce & Scoccimarro (2006), the leading order corrections in
the large k limit can be resummed at all orders in perturbation
theory, giving a well-behaved propagator

Comparison with N-body simulations shows excellent agreement
for k<0.35 h Mpc?



Results for the propagators
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TRG equations

Oy Pas(k;m) =

Unlike the propagator, — Qe (M) Py (ks ) — Qe (1) Pae (R )
the power spectrum
cannot be resummed +-e” /d"‘q [Vocalk, —q, g — k) By.alk, —q, g — k: 1)
analytically at large k.
To study its evolution +Baca(k, —q, 9 — k; ) wealk, —q, g — k)] ,
we have used the
time renormalization 9, Bk, —q. q — k; 1) =
group (TRG) approach —Qua(n)Base(k, —q. q — k; )
by Pietroni (2008). (. ' N
- ~br1'{’f)Buz.‘z?(k' —q,q— kv ’/)

—Qea(n)Bava(k, —q, q — k; 1)

+2€" [Yaue(k, —q, q — K) Pur(q; 7)P.c(|k — q|; n)
+yde(—q, @ — k, k) Puc(k — ql; n)Pea(k; 1)

+ Yeae(q — K, kK, —q) Puo(k; ) Pan(g: m)] . (30)



Results for the halo-matter cross-power
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Results for the halo-matter cross-power
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Halo bias and primordial
non-Gaussianity



A particularly simple model

Most of the local models can be reduced to the simple form (Salopek &
Bond 1990; Falk et al. 1993; Gangui et al. 1994):

/<I><x) - qf(x) ' QL[¢ (%)-(¢")]

Bardeen’s potential auxiliary  non-linearity parameter
Gaussian field (a real number)

Fractional non-Gaussian corrections are = 10°f,



Scale-dependent biasing

The large-scale clustering of
collapsed objects (galaxies,
galaxy clusters) as measured by
the power spectrum depends
linearly on f !

An approximated model based
on linear theory captures the

most relevant physics (Dalal et al.
2008, Matarrese & Verde 2008, Slosar et
al. 2008, Afshordi & Tolley 2008,
McDonald 2008, Desjacques & Seljak
2009)

However, recent simulations
have evidenced some departures
from the simple model

predictions (Pillepich, Porciani & Hahn
2010)
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How does it work?

* (Gaussian case:
long and short
wavelength modes of
the density field are
independent

Afshordi & Tolley 2008

AT
Gaussian Biss: modulating density background * Non-Gaussian case:
the long modes
m A modulate the amplitude
of the short ones via the
SRV gravitational potential

Non-gaussian Bias: modulating density mode amplitude

0, =0;[1+2f,, ¢, /8(2)]



A non-local biasing scheme

Using the peak-background split, we have shown that, in
general:

6,(x) = F[9,,(x), ¢(x), [Vo(x)I]

Since the potential and the density field are linked by the
Poisson equation, this generates a non-local biasing scheme in
terms of the mass density

When f, # 0, this is not compatible with the standard local,
deterministic biasing scheme by Fry & Gaztanaga (1993)



The bias expansion

For galaxy and cluster sized halos, we can expand the halo

overdensity as:
This term generates

. ® the leading order scale-
Y\ — b -
Or(x) = bo+bwd i@' dependence in the bias

1 5 -
51 (boo 82 + 2b11 60 + boo ©*) 4

1 ' . - ‘) '
,3—‘ (b:il) (5" { 352;52§9 } 3b120¢~ + boa '.,':3"),

and we provide explicit expression for the bias coefficients as a
function of f, (and g,,). All terms including the Gaussian

potential vanish when f, =0 and the bias reduces to the model
by Fry & Gaztanaga (1993).



Halo-matter cross spectrum
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Halo bias

Abiinear (k) = bio(fnr) — bio(fxr = 0) + 2 fnrdc [b10( L) — 1]/ a(k)

T
LV full

LV lin

fy, = 500 ____

Dal07

a(k) =

/

2¢2k2T'(k)D(2) g(0)
30, H  g(o0)




Conclusions

Most dark-matter halos originate from local density
maxima but some of them might not

This distinguishes two populations of halos with different
Lagrangian and Eulerian clustering properties

The TRG approach can be successfully used to model the
non-linear evolution of the scale-dependent halo bias

Primordial non-Gaussianity of the local type generates non-
local biasing which modifies the statistical properties of the
halo population (e.g. power spectrum, bispectrum)



