39. Supersymmetric Dark Matter

e \Why Dark Matter?
(i) spiral galaxies:

Spiral Galaxy NGC 4414
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= | Dark Matter
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(ii) cosmic microwave background (CMB):

Friedmann equation: [homogeneous universe]

_R?> 881Gy kK A

H? = =
R? 3 R2 3

H Hubble constant

p . matter density

k 3-dimensional curvature
N cosmological constant

0O flat metric
k=< >0 closed universe
< 0 open universe

3H? " .
k=NAN=0 = p=pc= critical density
87TGN
Friedmann equation:
k
Q = Qm+ QA
Qm — ﬁ
Pc
N\
QA = ——
A 3H?2

CMB measures 2
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COBE
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(iii) X-rays emitted from hot gases in elliptic galaxies

[M = total mass, L = luminosity]

M
Q~1= (f) ~ 1400 [in solar units]
C
M/L
(M/L)c
= indication for DM [compatible with CMB]
Planck + WMAP 4 Supernovae 4 Cluster:

<0.3-0.4

M
measured:f < 200...500 = Q) =

(2 = 1.00540.006
QA = 0.692+0.010
Qp = 0.0482 4+ 0.0005

Qcpy = 0.258 +0.004
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(iv) gravitational lenses:

— Rctual Quasar Light

— Image Lignt "'""\
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(v) bullet cluster:

Bullet Cluster (1€ 0657-558)

.\

Stars: telescope  X-rays: pink Dark Matter: blue (rec. from grav. lensing)

= | Dark Matter
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e Why Q~ 1?7 [— k ~ O]

Big Bang theory: adiabatic expansion
= R ~ T;l

k < 87TGN/O
272 2
RS 316 mB

[Tevg = 2.725 K]
— curvature unchanged [« contradiction]

— k= <2.10°8 constant

solution: inflation theory

before inflation: R=R;, T=1T;, R~T !

inflation: R ~ eflt [H = const]
[«+— e.g. cosmological constant]

after inflation: R=Ry > R;, T =Ty T,

—~

=k—>0 = Q=1
[prediction]
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e \What is DM?7

HDM: m, < 100 eV

= large structures develop first
galaxies much later

cannot reproduce present universe

CDM: my & 1 MeV
— small structures form first
large structures later
= compatible with today’s universe

= | CDM

supersymmetry: R parity conserved
= LSP stable [color and charge neutral]

candidates: © excluded in MSSM [LEP]
G not excluded

%9 best candidate
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relic density: Boltzmann equation for matter in ex-
panding universe

< annihilation cross section oggnn(Xx — X)

tan,@mfd mX 2 m M Xi /X 1
o — = (X ) N1 Ny ,2 (4) Ayi- /727 % T¥(m )Tl [
tan fmy, < tag“ﬁ (mXT,mW) AR (mx ;M z7)
ith . s
pX = anX Wi nX 0.8 XX mX

O'ann()'zg — X)

= relic density grows with increasing neutralino
Mass my

during formation of galaxies:
before WMAP: 0.1 S Q,H? 5 0.3

after WMAP: 0.094 < Q,H? 5 0.129
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m, (GEV)

tan3=10, u>0
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large mq: focus point [LSP=higgsino]

large tgB: funnel regions [2m, ~ M, = resonant

s-channel]
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tanp=5, Ay=0, u>0
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black: focus point [LSP=higgsino]

green: LSP=bino with higgsino component ['well-tempered’]

purple: funnel region

blue: funnel region 4+ coannihilation ['well-tempered’]
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e direct detection: elastic scattering yN — xN

effective Lagrange density:
L = 3" vxagvu(al; + aniv)a;
XV XGYpu\&1g T 247 )q;
+  aziXx@a + XV XTGY G
+  a5iXXTY 4 + asiX T XTd
a1 4,04 4, Q5 4, Qg ; — VElOCity-dependent elastic cross
section

ap; — spin-dependent cross section [« dominated
by light g-exchange]

a3 ; — scalar coefficient
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spin-independent cross sections constrain mgq, my /5!

tan B =10 <0 tan 3 =10 >0
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constraints from b — sy and g, — 2
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for u >0

global analysis: spin-independent elastic scattering
seems to be first accessible
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e indirect detection: x's are gravitationally bound
by massive objects
= several annihilation processes possible:

Xx =7+ X, v+ X, et + X

(i) v's from annihilation in galactic center:
XX — Y, Z7vy loop-suppressed = continuum-~'s

~v-flux:

P~ (Eipr) = 5.6 X 10710 cm=2 st

XZ/deEdN% <O'Z"U> 100 GeV
— JEy, dE \pb

sum over all annihilation channels
AS2: solid angle that is covered by ~-telescope

J: measure for lumpiness of density profile of the
galactic halo [huge uncertainties: J ~ 3...105!]

2
) J(AQ) AQ
mx
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(ii) neutrinos from annihilation in sun and earth:

= v'S propagate and convert to u's via charged
current reactions

p-rates depend on primary annihilation process: xx —
b, tt, WTW~—, 22

(iii) eT's from annihilation in galactic halo:
positron flux:

dd 4 _ p? |
ngE — 2 JivBéJr/dEo fi(Eo) G(Eg, E)
X i

sum over all annihilation channels

p: local neutralino mass density

Bé+: branching fraction of channel i into et
f(Ep): initial positron energy distribution

G(Ep, E): Green-function for propagation of po-
sitrons in the galaxy
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