Dark Matter Searches

> Evidence for dark matter
* observational data on (2,
* cosmic structures formation: hot /cold constituents

> Origin of relic particles in the Cosmos
* decoupling from the primordial plasma
* relic abundances for hot /cold particles

> Particle candidates for dark matter
* a variety of candidates in extensions of the SM
* the case of relic neutrinos

> Strategies of search for WIMPs
* direct/indirect signals and detection rates
* dominant /subdominant relic populations

> Distribution of relic particles in galactic haloes
* phase-space distribution function, clumpiness

>The case of the Lightest Supersymmetric Particle
* supersymmetric schemes

> Relic neutralinos
* models confront experimental results
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Matter/energy in the Universe

> observational data on galactic halos, clusters of
galaxies, large scale structures point to

02 < <04

> CMB measurements (BOOMERanG, MAX-

IMA, DASI, CBI, VSA, Archeops, ACBAR,
WMAP) give

Q1
> high-redshift SNIa (SN Cosmology Project,
High-z SN Search) give
0.8€, —060Qy ~—-02+0.1

* Using 2 =Q,, +Q, and any pair of the previous
three points, one obtains

o 08, Cpma 0.7

o L



Matter densities

e visible matter
Q'm‘.s f‘;"; 0.01

¢ baryonic matter (from BBN)

0.019 < A2 < 0.021 = 0.03 < € < 0.05

(in very good agreement with measurements of CMB
acoustic peaks)

e from a host of observations (on galactic
halos, clusters of galaxies, large scale struc-

tures), CMB and high-redshift SNIa measure-
ments

0.2 <0y <04

i.e. (conservatively): 0.05 € (Qnh° <03
Thus, some dark matter is baryonic, but most
of it is non-baryonic.

Particle physics offers a large variety of possible
candidates for non-baryonic dark matter in
various extensions of the Standard Model.
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kT less than Particles in equilibrivm Ea

leV ¥ 2
m,c* y,et e u
m,c’ Yy Ve Vs Ve, €, €7 +
m,c’ +putu A
Ac +xt,a% " o
m,c? Y, Vor Y, Ve, €5, 0%, 0,1, d,d, g 205
m.c’ +5,8 24
m.c® : +c,B 8
m,c’ + 1,7 .
mc> ‘ +b,b 43
Myc® 3 +1,t 7
>M,c” + W, W ,Z 421

It is assumed that for kT > A., the QCD cnergy scale, the number of
hadronic degrées of freedom can be represented by those of the quarks and
gluons. All the particles of the three-generation standard SU(3) x SU(2) x
U(1) model are included except the Higgs scalar, which would add 1 to g,
at temperatures above its rest-mass.
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Entropy

> From definition of entropy:
ds =%
and first principle of thermodynamics:
AU = —dL +dQ — dQ = d(pV') + p(dV)
— 1dS = d(pv) + p(dV)

> requiring that dS = L(d(pV) + p(dV)] is an exact
differential in variables V,T one gets that the
the entropy in a comoving volume V = B3 ig
(up to an additive constant)

S = e gs

> for an adiabatic transormation (i.e. reversible

and without heat exchange) the entropy S is
conserved

S = %E R3 = const

— density of entropy s = “—t—tﬁ ~ RS

anly



Entropy density for a relativistic plasma

s=3 0= zf"*"“h () T

where
GY .7 LY
*8 L= P = = (il e
g ( ) i=re§30ﬁsg (T) +8£=reﬂ§mﬁmsg (T)

in the sum over species only the relativistic
ones (with p; = 1p;) have been included, since
they dominate over the non-relativistic species

conservation of entropy —

— g*xs(T') T° R?® = constant

enkrl



Relic abundance for species i

Definition:

T, 2 2 .
Y;=n; R® = 2 where s % G T

Distributions at equilibrium
e /T < 1
¢(3)

N 3
Teg ™ 3 Geff T

45 C(3) Gefs
Y'E.q = 2 ?T4 9*3

Gers = g for bosons, g.rp = % g for fermions.

e /T > 1




Early Universe: thermal equilibrium
and decoupling

>In the primordial plasma, equilibrium among

various species of particles is maintained by
their mutual interactions, i.e. for species X
by processes

X+A—=>x+A
X+x< A+ A

> but Universe expands at a rate H — R/R
— temperature T decreases

— Interaction rate I';,,;, = n < ov > decrease

> an individual species remains in equilibrium
as long as

lﬁ:-:'fnf:"""1-({

ol

> a specles freezes out (to become a relic par-
ticle) when

Fint <
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Boltzmann equation

2 2
— T aily——< gl Blu —nl.)

) i

reduction due lo Universe expansion deviation from equilibrivm

< ov >= thermal average of the annihilation cross-
section times relative velocity

. m My
* substitutions : t — x = s ny =Y =%
S

where s = entropy density (sR® = const) and
Y is the number of particels y in a comoving
volume

dY )
— = 0264 2y D < gy > (V2 - V)
dx 9.2 11 4

where
9(T) =, 9'(3)4 + 4 37 ' 9'(E)4
i=bosons JI\T 8 1=fermions Jt\ T
I L
Q*S(T) = Zz‘:besuns gﬂ'(TP T gzi:fermmns gﬁ(T)S

(the sums are over relativistic species).
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