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iIcle Content of the MSSM

Superfield Bosons Fermions SU.3) SU,(2) U,()

Gauge
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Soft SUSY Breaking

Hidden

Messengers
Gravitons, gauge, gauginos, etc

R A Universality hypothesis (gravity is colour and flavour blind):
Soft parameters are equal at Planck (GUT) scale

— Lot = A{thLI_ Me +Y,Q H.D; +y, LLHlER}+ BuH . H,
"’ngl b, ; +%M1/22Qaga

Five universal -
soft parameters: A, my, M,,, B<> tanff=v,/v, and u
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Cascade Processes @ LHC

i10n and Decay of Superpartners in

h oSN @@@%%%

Typical SUSY signature: Missing Energy and Transverse Momentum
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Seaken for Supersymmetry @ LHC
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The Lightest Superparticle

property signature
0
y mediation LSP =y, stable jets/leptons  + E T
Jge mediation | sp_G stable E.
( 0 0 .
5 vG,hG,ZG photons/jets +ET
NLsp={ A AT
i)/F? I/F? — 76 lepton +/E/T
C ( 0
stable
LSP =+ - lepton  + -
% stable
L

SP is unstable -> SM particles :
Rare decays
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Cosmological Constraints

Precise cosmological data s v,

Oh'=1 — pP=pu *Supernova la e
 CMBR therme

from WMAP
kMatter & 23 =: 4% ( )
~ 4% Hot DM
(not favoured by

In the Universe: galaxy formation)

~~ Cold DM <+«—

U
i%i (rotation curves
o of Galaxies)
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SUSY Dark Matter

Neutralino = SUSY candidate for the cold Dark Matter
Neutralino = the Lightest Superparticle (LSP) = WIMP

7 =N N 2% N _Hi+ N, H,

photino zino higgsino higgsino

Preliminary DELPHI LSP limit at 189 GeV

L3 preliminary
T T ]

60 T T —
e ] m,=500 Gev
% : é:ﬂn}' 11']0 m_g
O=b AN M?®>40GeV  §°|,
a 30 3 31.2 GeVic 1 ]
E ~ 301 <—- 30.1 GeV
T 25 o :
= theor = 20
i M " — 402400 GeV
w0 F X 10 -
sE ] Excluded at 95% C.L.
0 1 2 3 4 5 6 7 8910 1 10
tanf3 tan
3(B—L)+2S . . .
R=(-1) (B=L)+ - Superparticles are created in pairs

* The lightest superparticle is stable
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Direct detection

DAMA, Zeplin,
CDMS, Edelweiss

No convincing evide
Hope for new results

February, 1-7

Dark Matter Detection

/  \

Indirect detection

e EGRE Tauk(GheSahgRERMI)

Difﬁ@ﬂaﬁmrﬁé&&ure-
e HEAT, AMSO1 -> PAMELA

Positrons in Cosmic Rays
e BESS -> AMS02
Antiprotons in Cosmic Rays

g

Evidence of DM annihilation!
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Why WIMP?

Boltzman Equation Hubble constant

dn i

B ¥8Hn, =—<ov>(ni-n2,), H=R/R

XZ:€9

— mn, 2.10%cm’sec”
it = =
L. < oV>

azlic Abundance

m |O° 10~**cm” =100pb

Typical EW x-section
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Jeutralino Annihilation Final
States

QuickTime™ and a Zly
decompressor
are needed to see this picture.

=37 gammas

QuickTime™ and a
decompressor
are needed to see this picture.

February, 1-7 eyond 2010, Cape Town 13



E* * flux [GeV em® 77

E** flux [GeV em® 7

-
(-]

Ll s

—-- Dark Matter « EGRET "

1 —- Pion de<ay background L

4 ——- Imwerse Compton B signsl K]

——- Bremsstrahlung m axtregalacic ‘:’E

4 . ; £ 3.56 S

Y A:inner Galaxy i° (bg ony): 178.87 =

; S,

] =2

1 Y
-5
3

10° 1

e

,d [bg oniy): 102177

D:

low

vty

10° 1

February, 1-7

T g L

LR TERY
E signal
2 extragala

latitude

[ | ‘
10 10

-----  Diark Mattee

a

X .26

‘4| 4% (bg only): 150.67

B: outer disc

"

10 \50“ OQ\ a\0('_)\] G

Total x? for all region: = 0.8 Excess above background > 100. —

il

.t ltvgonb') 8237

E:

'|||||||'l- ]
-1
10

« EGRET
background
Il signal
extragalactic

E [GeV]

ine
%065 (3»6q
-

2
10

\alysis of EGRET Data in 6 Sky
Directions

- -----  Dark Mattes
B 3 8.6/
] 1 (bg only): 147 .57
L

E

L= -~

=

C

3
8

-8 7 :
190 _i‘lllll|_l ¥
10 1

« EGRET
background
Il signal
A extragslactc

r Galaxy

3

E [GeV]

BT P AT n]
N signal

intermediate lat.

e T Rl ] _"_ LA
Hl signal w J: l_b-g anly): 21.8/7
extragalactic "‘E _5|
c 10
=
<,
5
S
-
Lo
L
-8
2 Tawng o nr|-|1||
10 10 10 1
E [GeV]

22 extragalactc

F: galactic poles

[ |||n-|"|

10

E [GeV]




piiiuse gamma rays from FERMI

Quic o QuickTme™ and a
delc(:mresg::rj ) decompressor
e needed to see this picture. are needed to see this picture.

QuickTime™ and a
decompressor
are needed to see this picture.
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ma Ray Flux: (<ov> from WMAP)

itted Hallo Paramefers

PlGVem

Enhancement of
rings over 1/r2
profile 2 and 7,
respectively.

| Mass in rings
1.6 and 0.3%

b = CLS Tl [ By,
line of sight
- :
Ro\"[1+ (—) oy (Fpe—Rn)* (2|
) ] R
Value Parameter Value
v 2 R, 4.3 kpe
7 2 TR 3.4 kpe
y 0 Tya 0.3 kpe
Ry 8.5 kpe b 2.3 GeV em ™2
a 4 kpe Ry, 14 kpe
20 0.47 GeV cm ™ TR 2.1 kpe
fa 3.3 GeV em ™3 T b 1.3 kpe
bia 0.9 cla 0.8

of total DM
H,
4 R [kpc]

14 kpc coincides with ring
of stars at 14-18 kpc due
to infall of dwarf galaxy

4 kpc coincides with ring of
neutral hydrogen molecules!

W.de Boer, C.sander, V.Zhukov, A.Gladyshev, and D.Kazakov, @ A&A 444 (2005)17
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Clustering of of Dark Matter

Cluster size: & Solar system? . Il 3
M. =108 -106 Me? Clumps with M, -> dominant

Steeply falling mass spectrum. <.:on1:r'|bu1'|?n -2 MANY clumps
Boost factor ~ <p2>/<p>2 ~ 20-2000 [RLOE’JAL=L direction -> same
From fit: Bx100 for WIMP of 60 GeV Rl it ol I I [Tyl [




| SAMELA: positron and
antiproton measurements

Positron fraction Antiproton/proton ratio

QuickTime™ and a
decompressor
are needed to see this picture.

WuicKIIme'™ and a
decompressor
are needed to see this picture.
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em, <1141 GeV AESICICeERINIENCIE M SUGRA can fulfill
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all constraints from WMAP,
LEP, b->sy, g-2 and EGRET
simultaneously, if DM is
neutralino with mass

in range 50-100 GeV and
squarks and sleptons are
O(1 TeV)

m, common spin 0 mass
m,,, common spin 2 mass
tanp = v,/v,

High tanp solution
tanp = 50



Point and Mass Spectrum

+ excl. LSP tan p=52.2
= no EWSB 95 % C.L.
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W.de Boer, C.sander, V.Zhukov, A.Gladyshev, and D.Kazakov, @ PL B636 (2006)13

February, 1-7



PHYSICS PROBLEMS

osmologists:

hat is CDM and Dark Energy made of?
Astrophysicists:

What is the origin of excess of diffuse Galactic

change of slope in the galactic rotation curve
R.?
Oo

DM is made of WIMPs which are SUSY

articles distributed in Halo of our Galaxy
th 2@ mass around 70 GeV
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