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Typical Fits to AMS+HEAT Data vs
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CMSSM Fitpr ocedure

Choose the 10 GUT super gravity
inspired parameter s:����� ���  ! � "$# %& � ' # %&(� )+*, �� - ./ 0� 132 . / 0� 154 . / 0� 176 . / 0

Minimiz e the Higgs potential in or-
der to determine

'98

Calculate masses and couplings at
low energies by integrating about
30 coupled RGE’s and decoupling
spar tic les at thresholds

calculate
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Determine the best parameter s by
minimizing F G .

� H I J
KML J KNPO QSR L J KN B BN Q Q TU TJ V WPX�Y L X

Z []\^ _ ` ab c de d^Z []\f _ g�h i c de dfZ []\kj _ ` h a a a ` c de dj

V lnmV lpoV lrq

Z KN O R stvu tw Q TU TO V EH

Z Kx�y Kz V{| QSR }u G }�~ t � _ � Q TU T��k��Z KM� �� ���� R t �� ~ t � _ � � Q TU T���Z K �N R �NP� J�� Q TU T��$� ���y �N � �NP� J��

Z � T KM� �� z � �� ���y  ¡ ¢{ ¢�£ ¤� ¥� �y �¦ N B BN Q

� � and � t  G str ongl y correlated. Repeat fits for all pair s of � �� ��t  G� ��� � �

Wim de Boer ICHEP, Amster dam, July, 2002 3



10log Q

1/
α i

1/α1

1/α2

1/α3

MSSM

10log Q
1/

α i

 Unification of the Coupling Constants
 in  the  SM   and   the  minimal MSSM   
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CMSSM Spar tic le Spectrum

From RGE equations:
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Characteristic MSSM Features:
Squarks and gluinos heavy thr ough
str ong rad. corr .
Gaugino from U(1) (=Bino) Lightest
Neutral SUSY Partic le (LSP)
(if ��t  G not too large w.r.t. � �)
Mass � G in Higgs potential driven negati-
ve by

² ¥ >
EWSB (determines ( G )

Higgs mixing parameter ( usuall y large
compared with �³t  G

Consequentl y:
Pseudoscalar Higgs and hig gsinos heavy>
light Higgs SM-hig gs-like
LSP bino-like , since no mixing with heavy
hig gsinos

>

very good dark matter
candidate
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Allo wed Parameter Regions for
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Main Diagrams for Neutralino Annihilation

Gauge Bosons Fermions
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Only heavy final states relevant
neutralinos are Majorana par tic les and fermions

>
Pauli-Principle at zero momentum>

p-wave

> ¬ fermion mass !)
All x-sections str ong function of

��� � �
Interf erences (Z-,t-channel) NEGATIVE
Interf erences (Higgs-,t-c hannel) POSITIVE
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p-wave suppression at low momentum for light final states

Î ¬ � G � at low neutralino momenta
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s,t-c hannel Interf erences

Higgs large, Z small for

= =

final state Higgs small, Z large for
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Pseudoscalar Higgs exchang e vs
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Comparison of X-sections in CalcHEP and darkSUSY
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Neutralino Annihilation X-sections

���� � ¥ ³ ½ ¶ ���� �¦¥ § ¨

200
400

600
800

1000

200
400

600
800

1000

10
-30

10
-29

10
-28

sigma vTOT

m
1/2

Ê  [GeV]
m 0

Ë [GeV
]

<σ
v>

 [
cm

3  s
-1

 G
eV

-1
]

200
400

600
800

1000

200
400

600
800

1000

10
-28

10
-27

10
-26

10
-25

sigma vTOT

m
1/2

Ê  [GeV]
m 0

Ë [GeV
]

<σ
v>

 [
cm

3  s
-1

 G
eV

-1
]

Wim de Boer ICHEP, Amster dam, July, 2002 12



Boost factor for AMS and HEAT Data
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Dark Matter

Î Â Ï ÐÑ Ò Ð Ñ Ó

(from DarkSusy)
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Green regions pref erred by Boomerang and SN Ia
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Typical Fits to AMS+HEAT Data vs
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Þ Â

contr . for AMS+HEAT Data vs
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Possib le AMS-02 Data in 2006

 one year AMS
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Possib le Þ Â

after one year AMS-02
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Summar y

Low values of (

åçæ è éçê ë�ì í

) excluded by LEP Higgs Limit of 114 GeV

At larger values of

åçæ è éî î

DOMINANT FINAL STATE

î î

FINAL STATE has orders of magnitude larger x-section thanï ð

final states and also larger than
ñ ñ

final states for

åçæ è éçò ó

î î

FINAL STATE fits the AMS+HEAT data as well as the

ï ð

final states

Super symmetr y is an excellent candidate to explain the cold Dark Matter
in the univer se. Its signal could be the positr ons and antipr otons from
neutralino annihilation into

î î
final states
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