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OUTLINE

* free-streaming
* the halo model

* simulations - dark matter only

* degeneracies: WDM+b & WDM+vV
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ACDM, PRESENT TIME

23% Cold Dark Matter

4.5% Baryonic matter

negligible radiation and other standard model matter
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WARM DARK MAT TER PARTICLE

» DM: elementary particles
* DM: here assume thermal or sterile v
B e O (mam, g (T4), (ov))

* choose a DM model = get rid of one variable

T ay, 20 September, 2012



CONSTRAINTS

* | measurement: Dark Matter abundance from CMB experiments
(WMAP7, assuming standard ACDM):

Shabee = U221 =e 00114
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* | measurement: Dark Matter abundance from CMB experiments
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Shabee = U221 =e 00114

* | constraint: Choose a heavy DM particle a la WIMP
— constraints from DM high-density regions
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CONSTRAINTS

* | measurement: Dark Matter abundance from CMB experiments
(WMAP7/, assuming standard ACDM):

Shabee = U221 =e 00114

* | constraint: Choose a heavy DM particle a la WIMP
— constraints from DM high-density regions

* | constraint: Choose a light particle (m ~ | keV)
— Warm Dark Matter
— constraints from Large Scale Structure
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FREE-S TREAMING

» early relativistic particles = free-streaming

* density field fluctuations < smoothened
* .. the linear matter power spectrum « small scale suppression

 How does this translate to non-linearities?
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SPLITTING THE FIELD

Smith & Markovic (PRD; 2011)

« In CDM, assume:
all of density field + haloes

N
p(x) =) M;up(|x — @i, M;)
Al
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SPLITTING THE FIELD

Smith & Markovic (PRD; 2011)

« In CDM, assume:
all of density field + haloes

N
p(x) =Y  M;un(|x — @0, M) + ps()
=

* In WDM, split:
clumped + smooth
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SPLITTING THE FIELD

Smith & Markovic (PRD; 2011)

» volume average

» get background values

<,0(£U)> ) <ps(£l3)> B <,0C(£E)>

» define a “clumped fraction”
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SPLITTING THE FIELD

Smith & Markovic (PRD; 2011)

» volume average

» get background values
P = Ps T Pc

» define a “clumped fraction”
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SPLITTING THE FIELD

Smith & Markovic (PRD; 2011)

» volume average

» get background values
P = Ps T Pc
» define a “clumped fraction”
E oy dn
ip= L [ i
P JM

dM

cut
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SPLITTING THE FIELD

Smith & Markovic (PRD; 2011)

» volume average

» get background values

i Ps v 0o mass function
(no. density of
» define a "clumped fraction” haloes per dM)

e
f:pc/p—p@dM
o
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SPLITTING THE FIELD

Smith & Markovic (PRD; 2011)

* we want statistic of clustering, so as always:
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SPLITTING THE FIELD

Smith & Markovic (PRD; 2011)

* we want statistic of clustering, so as always:
pi(x)pj(x +7)) = pipj (14 &i;(r))
pi(x) = pi (1 4 0i(x))

i (I7]) = &55(r) = (8i(2)8 (@ + 7))
+ statistical
isotropy &

homogenerty
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SPLITTING THE FIELD

Smith & Markovic (PRD; 2011)

* we want statistic of clustering, so as always:

(pi(x)pj(T+7)) = pipj (14 &i5(r))

§ij(Ir]) = & (1) = (0s(x)05 (T + 7))

U + statistical
5(z) = (1 — f)3,(x) + f0o() SOtroRE

homogenerty
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SPLITTING THE FIELD

Smith & Markovic (PRD; 2011)

* we want statistic of clustering, so as always:

pi(®)pj(x + 7)) = pip; (1 + &;5(r))

= (ps(z)ps(z + 7)) + (pc(x)pc(T + 7)) + 2 {pc(x) ps(x + T))
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SPLITTING THE FIELD

Smith & Markovic (PRD; 2011)

* we want statistic of clustering, so as always:
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SPLITTING THE FIELD

Smith & Markovic (PRD; 2011)

* we want statistic of clustering, so as always:

(pi(x)pj(x + 7)) = pipj (1 + &i5(r))
o ﬁg (1+&s(r)) + /5(2; (L Eccl Tl = 2ps o (IS RGEy

U
E(r) = (1 - f)2€SS(T) 2l = 6] f2€CC(T)



SPLITTING THE FIELD

Smith & Markovic (PRD; 2011)

* we want statistic of clustering, so as always:

(pi(x)pj(x + 7)) = pipj (1 + &i5(r))
o ﬁg (1+&s(r)) + /5(2; (L Eccl Tl = 2ps o (IS RGEy

U
P(k) = (1 2 f)QPSS(k) 15 2(1 T f)fPsc(k) ?Pcc(k)
Pe' (k) + Pec' (k)



CALIBRATING THE HALO MODEL

Zavala et al. (2009)

dn/dlogM (h®Mpc™?)
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CALIBRATING THE HALO MODEL

Dunstan, Abazajian, Polisensky & Ricotti (201 1)
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CALIBRATING THE HALO MODEL

Schneider, Smith, Maccio & Moore (201 2)
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CALIBRATING THE HALO MODEL

Benson et al. (2012)

1072 .

‘q Schneider et al. (2012) o

- This won"Ilgh(ltop-hall(t; no ve{ocities)
- arXly, Monday 103} ", T Rt st
Mlc i trees & 10

S

* No top-down S 10
* Smooth accretion! 10-6
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WDM SIMULATIONS

Viel, Markovic, Baldi & Weller (MINRAS; 2012)
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Depends on particle mass
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* blue: SF, winds

* cooling erases WDM
St
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WDM+b

100(Pkypm=Pkgom)/Pkcpm

Viel, Markovic, Baldi & Weller (MINRAS; 2012)

0 A A _
10 -
20 -
30 -
Cool A
40+ Sims A =
NLin fit —
50 Linear —— | |
1071 10° 10?
k[h/Mpc]




/)

b,
=
."&.;l

UNDER CONSTRUCTLON
VWORK IN PROGRESS..

1
I:-_f’. 4—:_':..._._:':?:{:
Ly 7
|/




WDM+V

Markovic, Abdalla, Lahav & Weller (in prep)

* heutrinos = HDM
» CLASS code (Lesgourgues, 201 |)

» halofit (CDM-based)

e ... New, calibrated halo mode]

UNDER CORSTRUCTION -

Thursday, 20 September, 2012



WDM+V

free-
streaming
scale

vACDM/ACDM
vAWDM/AWDM
AWDM/ACDM -
o3 ' VAWDM/vACDM - | |
1073 1077 1071 10° 101 10% 1077 1072 1071 10° 101
k k
Linear

Thursday, 20 September, 2012




0.2 vACDM/ACDM -
1072 vAWDM/AWDM
3 E 0 AWDM/ACDM -
1073 o o o ) ' VAWDM/vACDM - | |
1073 1077 1071 10° 101 10% 1077 1072 1071 10° 101
k k

Thursday, 20 September, 2012

halofit
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TLDR

* WDM Is a generalisation of CDM.

* We know good prescriptions to calculate non-linear
corrections in AWDM.

* BUT we need to know baryonic effects!
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