Structure Formation
in Warm Dark Matter Models

-

6. June @ Meudon

Ayuki Kamada (IPMU, Univ. of Tokyo)

Wednesday, June 6, 12



talk contents

1. wdm (warm dark matter) review in view of astrophysics
2. wdm scenarios in view of particle physics
3. ChaMP (chaged massive particles) as wdm

4. summary
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small scale crisis

density profile
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small scale crisis now

missing satellite problem

baryon physics

reionization: supernovae explosion

1000

N (> vc.o)
100

10

e Satellites (L, 2 2.6x10° L)

O

All subhaloes

Satellites (N_,.. = 10)

star

annot be seen

giravitational lensin

Hisano et al. 2006

100

Okamoto, Frenck 2009

Wednesday, June 6, 12






LAl ) | R LTS
1111551112 SALCLIITC PDIODICIII
\——‘) e > vl ~ —t -— - W A R AR
) “- \ [ AD | ) ( T Lr\ ™ V£ n l A 1 o Qravyas - |l-\ of £ ) fa
21C1I1 OPSCIVatloOll W 1 20 CUDI1C V1PC SCarci 1rc2ioil
Akt 1 ITITEY T TIYTT ST ET LT LY It 1T oy Ty
A .
Wae W

§ — ALFALFA

B
g
£
§
€

Zavala et al. (2009)

— CDM, modeled galaxies
— WDM, modeled galaxies

Wednesday, June 6, 12



CMB anisotropy (it’s miracle!!
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Silk damping

Thomson scattering
diffuse photon and
smooth out baryon
anisotropy
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matter POWET spectrum
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(Boyanovsky 2008)
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CMB anisotropy dumping tale

“collisionless damping”  (“Landau damping”)
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radial distribution of simulation Milky Way like halo
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particle physics scenarios of warm dark matter

I. thIIl Bode et al. 2001

: DM particles are produced in the thermal bath and
are subsequently decoupled kinematically when they are relativistic

like SM left-handed neutrinos
particle physics candidate: light gravitinos (superpartner of gravitons in SUSY theory)
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early universe kinematical late universe
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particle physics scenarios of warm dark matter

2. dwdm from thermal bath Boyanovsky 2008

: unstable relativistic parent particles are produced in the thermal bath and
gradually (out of equilibrium) decays into daughter particles (warm dark matter)

particle physics candidate: sterile neutrinos via decay of singlet Higgs

i

M

free-streaming

iyl

S

p

/
Ay

o,
»

early universe decay late universe

>

momentum i i
* (velocity) f(q) o< (¢/T) 0.5,—q/T
distribution = (10-75/9*)1/3T,7

Wednesday, June 6, 12



particle physics scenarios of warm dark matter
3. dwdm out of thermal bath Kaplinghat 2005

: unstable but long-lived parent particles are produced in the thermal bath and become
nonrelativistic and decoupled as usual WIMP scenario. Finally they decay into daughter
particles (warm dark matter)

particle physics candidate: neutralino LSP (Lightest Supersymmetric Particle)

and gravitino NLSP with mass degeneracy/,
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comparison between models
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what’s a good standard ?

Jeans scale at matterradiation equality
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relation between distribution functions and power spectra
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disguising dark matter as warm dark matter

ChaMP (Charged Massive Particles) Sigurdson and Kamionkowsky 2004

: ChaMP have Electric-Magnetic charge and acoustically oscillate with baryons
by photon pressure like proton

S

* they should have proper life time

If they are stable or their life time is longer than the age of the Universe,
they contradict Large Scale Structure of the Universe
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particle physics candidate: staus (superpartner of tau particle in SUSY theory)
and gravitinos with mass degeneracy
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disguising dark matter as warm dark matter
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disguising dark matter as warm dark matter

“collisional damping” (“Silk damping”) gCha@
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disguising dark matter as warm dark matter

ChaMP (Charged Massive Particle) Xohri and Takahashi 2009

constraints on ChaMP
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dwdm from thermal bath
dwdm out of thermal bath
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Summary and future prospects

Large Scale Structure of the Universe confirms
ACDM cosmology

Small Scale Structure suffers from non-linear growth and
baryon physics, so high redshift survey is promising
e.g. 2Icm

Small Scale Cirisis is apparent problem of ACDM cosmology
and require better understanding of baryon physics or
warm nature of dark matter

Future submillilensing survey may distinguish warm dark
matter and baryon physics

Wednesday, June 6, 12



Summary and future prospects

The standard of clustering property of warm dark matter is
conformal time (horizon size) when warm dark matter
become nonrelativistic

Warm dark matter models which have the same standard
may not be distinguished by z=0 observation

ChaMP with life time about one year behave like warm
dark matter

Thermally produced warm dark matter mass appears to be

larger than 2 keV
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Thank you for your attention




