Search for Superpartners

@ Colliders




The Mass Spectrum

SPS Point 1: typical mSUGRA
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“reation and Decay of
Super'par"mer'\ls'n Cascade Processes

Typical SUSY signature: Missing Energy and Transverse Momentum



Background Processes of the SM
for creation?f§uper'par1'ner's

q

The x-sections are usually much smaller than for creation of SUSY



Cross-sections for SUSY creation

cross sectionp-ptogg | cross section p-p to ¥ %»




Creation of Gluino @ LHC

Signature:

4 b-

°

ets + 4 muons + E,miss

m0 =1400 GeV
m1/2 = 180 GeV
A =0

sign(p) = +1
tanf3 =50




SUSY Signal @ ATLAS

P (P'° -
Entries 150 Tl'llth_m1 '2—1 80 GeV Enm::mmo*l'.“w

Mean  1.699e+05 Mean 3.8320+04
RMS 1.191e+05 SM2 1.1730+04

AP,=10 GeV

Neutralino P,

Events / 1 (Ge‘/.'c?]

N 10 20 30 40 50 S0 70 30 S0
Invariant mass of opposite charged lepton palr, [MeVic’]

Missing Momentum Invariant Mass of lepton pair

R of B-decay vertex

Entries 564
Mean 16.24
RMS 24.6

¥ PtB,B,p,p

(dOwn) - ZPtB’B’“’“

(up) = P, = E,

Selection criteria:
* R(any B in the event) > 0.1 mm

T B-meson free path
Pythia within ATHENA,

B-vertex taging
JINR ATLAS Group
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Search for Supersymmetry @ LHC
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Reach limits for various channels
5 o reach in jets +ET channel at 100 fb!




The MSSM parameter space

Long-Lived Superparticles

)

WMAP

LSP PP
charged / “"

The reason.for long-lived particles —
mass degeneracy with the LSP

: ~T
Bl Long-lived T

~+
Long-lived f

=
Long-lived X, , X,

Time of life > 10-10cek, M ~ 100 '9B
Decay with creation of the secondary\vertex
or running through the detector

Needs the fine-tuning of parameters
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Dark Matter




The Origin of Dark Matter

The Dark Matter is made of:
 Macro objects — Not seen
 New particles — axion (axino)

Not from the SM <

[ - neutralino
- sneutrino
- right neutrino
- gravitino
- heavy photon
- heavy pseudo-goldstone
- light sterile higgs

\

MSUGRA

Gauge Mediation

Little Higgs Models
Inert Higgs Model



DM Detection

Direct detection

Ak

No convincing evidence so far
Hope for new results soon

Indirect detection

L

First Evidence of DM annihilation!



The Lightest Superparticle

property signature
~0
Gravity mediation [.SP = X stable jets/leptons + ,E( .
Gauge mediation | Qp =G stable ¥ .
~0 ~0 ~ ~ o~ ,
¥ X, =2 vG,hG,ZG photons/jets +,E(T
NLSP=<; ! . B
Ik IR > 1G lepton + £ ;
) ~0
L. X stable
Anomaly mediation [ .SP =+ lepton  + ,E( .
"‘/‘ stable
L

\

R-parity violation [ Sp js unstable =& SM particles

e
o M >40 GeV Rare decays
Modern limit N Neutrinoless double B decay




SUSY DARK MATTER

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

~0 ~ ~ ~0 —~0
¥ =NYy+N, z+N. Hi +N,H>

photino Zino higgsino higgsino
Preliminary DELPHI LSP limit at 189 GeV L3
60 . ‘ e prezllmlmlry
o~ | m,=500 Gev ]
% ;L: é:any my 50_
Sx N M3P>40 GeV  § *
r@si ;-:_30{<- 30.1 GeV
= ol theor = 20
| M" =40+400 GeV ~ ™
w0 f y 4 10
5 { Excluded at 95% C.L.
0 1 2 3 4 5 6 7 8910 1 10
m”B tan B
3(B-L)+2S i i :
R=(-1y¥"" :> - Superparticles are created in pairs
» The lightest superparticle is stable

R, =+1, Rg,=—1



DM NEUTRALINO ANNIHILATION
FINAL STATES

i St x i
My Mg oxX mﬂ. (ﬂ.)- ‘.7\(] Af3(4 MMy Ao e
o\ MW o =Ny
m ¥
d tan 8- my, ¢ s “ Zly

X W X zZ

1
1+(m\__+/m\ )e—(my fmy)?
t

(mx,-’= myy) <> (My,, mz)

X

Dominant annihilation x-section:  B_fpagmentation well studied at LEP!
X + X 2 A > bb quark pair Yield and spectra of positrons,

Sum of diagrams should yield gammas and antiprotons well known!
<ov>=2.10-26 cm3/s to get

correct relic density




DM NEUTRALINO ANNIHILATION
CROSS-SECTION

—10 g
203

A

AR RALRS LAALE LARA) RALEE LALLE LAA) RS RS RARL
o1 2 3 4 5 6 7 & 9 10
Pou [GeV]

Dominant annihilation x-section:
X + X 2 A = bb quark pair



Mass [GeV]

GAUGINO CONTENT OF THE
LIGHTEST NEUTRALINO

W
o
o

I l I ' ‘
=
N

b0 o° Ry 9
~x$ | 0.833 0.026 0.122 0.018
250

0 X2 | 0.119 0.621 0.187 0.072

X4
X9 | 0.014 0.030 0.442 0.515
200 o X3 >
A X9 | 0.033 0.323 0.249 0.395

150
The lightest neutralino is

100 almost bino — the superpartner

] of a photon
X
50 ’ DM = superpartner of the CMB
B bino B higgsino (u)
= wino higgsino (d)
%0 02 04 06 08 1 12

fraction



Favoured regions of parameter space

EGRET region
o _ ;—2000 em, <1141 GeV o i
The region is compatible ma=2m, o SasiEiiniaiiniing
with diffuse gamma ray flux excl. LSP  {EJEiEE:
A . ('l . no EWSB t ro ol
from the DM annihilation fissssss Gl

1000

It corresponds to the best fit
values of parameters

tan = 51 500
mO0 = 1400 GeV Kizecs
m1/2 = 180 Gev | 560 | 1000 1500 2000

SUSYDM: |m,~65GeV | mmmp |m.~115GeV

4




EGRET POINT AND MASS SPECTRUM
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Direct Detection of WIMPs




DIRECT DM SEARCHES

Spin-independent Spin-dependent

40 http://dmtools.berkeley.edu
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