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1 Introduction

The Standard Model (SM) has been tested to high precision.
However need ...

e solution to hierarchy problem
e Window to gravity

e dark matter candidate, CP-phases for baryon asymmetry, ...

One solution is Supersymmetry (SUSY).
e Symmetry between bosons and fermions

e Mminimal SUSY extension of SM — MSSM
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2 Light Neutralinos?

A very light neutralino in the MSSM? Look at bounds from

e Cosmology
— Cowsig McClelland bound
— Lee Weinberg bound

— full calculation

e neutralino production eTe™ — ¥9%9 at LEP

e radiative neutralino production at the linear collider
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3 The neutralino mass matrix

Neutralinos are the SUSY partners of the neutral gauge (B, W3) and
C P-even Higgs bosons (ﬁu, ﬁd). These states mix, and the mass
eigenstates are the eigenvectors of the matrix:

My 0 —myz Sin (Bw) cos (B)  myz sin (8w ) sin ()
Vo= 0 Mo my COS (fy) cos () —my cos (Ow)sin (5)
—mygz Sin (Bw) cos (B) myz cos (Ow) cos (5) 0 —
myz Sin (B )sin (B)  —mygz cos (Bw ) sin (5) — i 0

MSSM parameters: My, M»>, pn, tanp

leigenvalues| of M = neutralino masses m., o, 1=1,...,4
{2
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4 Constraints on M»>, p, and My

o VMo, u determine chargino mass:
LEP II: m, + > 104 GeV = Mo, u = 100 GeV
1

vields no bound for m_ o without GUT relation M = 2 tan?(0w) Mo
1

e N1 can be chosen such that m, o = O:
1
det [M(Ml, Mo, 11, tan 5)] =0

m%MQ Sin2 6. Sln(zﬁ) ~ OOSm—% — 0(1 Gev)

= My =
! Mo — m% cos? 6y, sin(2)3) L

= M1 < Mo :>5<'(1) bino — like :>ZO—>§5(1)5<‘(1) IS suppressed

— 79 invisible width o.k.
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5 Cosmological bounds

5.1 The Boltzmann equation

The Boltzmann equation describes the evolution of a particles species
in the thermal bath of the universe:
dnw .
o
the first rhs term describes dilution of the species by expansion of the
universe
the second term accounts for the decrease by annihilation into or coan-
nihilation with other particles

—3Hny, — (ofo])[n3 — (n2)eq).
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5.2 Cowsig-McClelland bound

If the x{ is the Isp and stabile, then x{ is a dark matter candidate
if my =0(1eV) = £{ is relativistic

behaves like a neutrino — Cowsig-McClelland bound is applicable

O, — Px_43¢(3)81G  gefr
Y7 pe 11 72 3HZ g.g(T)

= m, < 0.7/h%?eV with Q,h? ~ 0.007 (WMAP 2003)
for comparison: Y m, <2eV (WMAP)

!

Hy: Hubble constant today, G: Newton’s constant

geff = g for bosons, gerf = 3/4g for fermions with g = number of rel. degrees of
freedoms

gxs(T) = > go(Ty/T)> + £ 50 g5 (Ty/T)3
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5.3 Lee-Weinberg bound

if my >O(1—10 GeV), — then ¥} is non-relativistic

for simplicity, consider the processes (¥} = B)

~ ~O — _ _ _
Xixi — ¥, t=ep,m my=0, My;= Mz

2.14 x 10° T¢)2
(mx/ f) Gey—1

Qxh2 ~
1/2
(g*s/g*/ )mpjog

Ty: freeze out temperature, ~ my /25 ...my /20
op. Cross section
mp): Planck mass
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Result:

contours of constant relic den-

200- sity for Qyh? + 30
i require MZ> 80 GeV
150 - = 35 GeV < m, <200 GeV
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5.4 Full calculation

250 250
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150 150
Mz Mg
100 100
50- 50
0 03
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mx
Mo =193 GeV, u = 350 GeV,

Mz =1000 GeV, tang =10

more detailed analyses are done f. e. by Hooper et al. (2002),
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6 LEP bounds on neutralino production ete™ — §9%9

M, [GeV]  |o(ete — £9%9) in pb Obsleé(\)/eq limit at 208 GeV, Hadronic Channel, Z° BR
400 [ | | ‘ | | | E [ OPAL
350 | mx8>\/§ @ 80 1
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. [GeV] M(x2) (GeV)
Vs = 200 GeV, Mz = 200 GeV, Vs =208GeV, CL =95%

tan g =10, m,o = 0 GeV
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From the OPAL plot: require, that o(eTe™—£9%9) < 50 fb
this translates into mass bound on the selectron mass if
BR(%S — x92° = 100%)

400 . E . .

i a N contour lines of minimal
3505 \\\ \ selectron masses that are

i \ \ Mys > /5 compatible with OPAL data
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7 No bound from
~0=0
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8 Summary

e Cosmological bounds:

— Cowsig -McClelland bound for rel. ¥ mgo < leV
1
— Lee-Weinberg bound for non-rel. ¥ mgo ~ O(10 — 100) GeV
1

— Lee-Weinberg bound can be problematic, )2(1) IS embedded in
complex particle spectrum

e bounds on ¥{%9-production at LEP translate into selectron mass
bounds if ¥} is massless

e NO bounds from radiative neutralino production at LEP

13/13



