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The M inimal Supersymmetric
Standard M odel

Sup ersymmetric  partner for each standard mo del degree of freedom

Quark q Squar k 6r; 6
Lepton I Slepton R ML
Neutrino Sneutr ino ~
Photon Photino ~ — 4 Neutralinos
W-,Z-Boson W :Z W ino ; Zino W . Z ~0
Higgs H ;H?° Higgsino HJH, : 2x 2 Charginos
h; A B, HJ ~
Gluon g Gluino g

R-parit y conserv ation:

I stable Lightest Sup ersymmetric Particle, LSP ( 2)
escap es detection

Uni cation of masses and couplings at GUT scale:

MSUGRA as a guideline
Mo: common scalar mass at GUT scale ! sfermion masses
M,-»: common fermion mass at GUT scale (! SU(2). mass My)
tan : ratio of Higgs vacuum exp ectation values
. higgs(ino)-mass  parameter
Ao: trilinear coupling ! sfermion-mixing
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SUSY phenomenology

L. ) ) 53 80 105 129 &
Sensitivit  y with the curren t data set requires: e
10 F s (pp —= €389, €989, 3¢5, ¢7¢;) (pb) -
_ - PP(/S=2TeV) ]
large cross section: ]
| H = \\\\\ i E
I low gaugino masses (low mj-»,) tE c;ch!\”—o cross section ;
| large squark masses | TT= S
10 ¢ SO~ E
large leptonic branc hing fraction: i N
l low Slepton masses (! low mp) 107 p O SO
i i . '3:‘ L I . N B B \\I
large e( ) branc hing fraction: 10—l o -~ -

I low degree of ~ mixing !

low tan

mEELY) (GeV)

Challenge:  Soft leptons
- Gaugino decays via virtual sleptons Ii

5001f 3rd lepton MSUGRA P4

400 M(chargino)=105 GeV

00 next-to-leading lepton \_<_/ \_<_/
C | T~< | T~<
r 1 = 1 =

2001 leading lepton l < | <
- | |
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Strategy

(1) TriLeptons:

lepl-

leading Ieptons: LSP
select 2 leptons by tight ID cuts lepl+

3rd lepton:

select isolated trac k &

(covers electrons, muons, taus) 7}77.
/SS

LSPs, neutrinos:
require large E; n

(2) Dileptons:

select two lik esign leptons
electron === Esc | get leading lepton from chargino
and leading lepton from neutralino.

muon

LSPs, neutrinos:
= << require large E;

2 photons %‘
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detector

good calorimetry i
large coverage: s
trac ks: up to = 3:0 B
electrons: up to = 3.0 i
m uons: up to = 2:0 i
O _—
T ow
P SOURCE: |
AGOUMULATOR bGoy)  LINAC i
' PRE-ACC E

BOOSTER (8 GeV)

TEVATRON EXTRACTION

for FIXED TARGET EXPERIME \ITS/":

MAIN INJECTOR (Ml A0 5% = -~
(150 GeV) (M) TeV EXTRACTION SWITCHYARD
COLLIDER ABORTS B
& RECYCLER
BO
PABORT RF CDF DETECTOR\ | |
150 GeV p INJ & LOW BETA =
150 GeV p INJ P10 B Preshower
L Solenoid
05 = : h:?___
B *l— Fiber Tracker ra——
TEVATRON B h=3
B n T Silicon Tragker 7 el l ___________ l __________________
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Data sample

Analyses wuse data collected from Aprii 2002 up to April 2004

R
+ +‘:RLdt: 221pb
e+ e+ RLdt: 249pb
e+ +‘:RLdt: 235pb
LS + : Ldt= 147pb

reac hed design Iluminosit v:
8x10%t=(cm? sec)

maxim um peak luminosit vy :
10x10°t=(cm? sec)

... increasing further
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Preselection

select 2 leptons with tigh t ID cuts
pt > 8GeV + 12GeV (5 GeV + 15GeV)

Muon ID
trac kK matc h
anti-Cosmic  cuts
An ti- bb: Calorimeter  isolation

Trac k isolation

Electron ID
EMfraction, calorimeter isolation
Anti W+ ! e + with photon
conversions: require silicon hits
Lik eliho od: trac k matc h, trac k iso-
lation, calorimeter shower shap e

Anti- Z!
select low-in varian t mass region

|T|_|_|_|-|-|T|T

)
M~
Py
C
5
RY
@
=}
>
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<
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Bltt® nm

SUSY signal
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Anti-Z: Jets and E;

DY zZ= | is characterized by low E; . Dé Run Il Preliminary
10? ee+ =%‘
. 2 W -> enu
Large E;: . | 10 =Z'SD“
uctuations of lepton and jet energies 10 —
f E SL_JS‘\e(esignaI (P4)
E. due to leptons: !
require minim um ( Er) 10*
transv erse mass(lepton, E;) 107
small for low E;and low (; Er)
. 0 20 40 60 80 100
) require Iarge transv erse mass Missing transverse energy [GeV]
E; due to jets:
require large E;= (Et (jet))
103 Dé Run Il Preliminary
- - . Dé Run Il Preliminary
S E N nﬁ®®térmn 10 N\ . data
Swil € * 7 i wp et T g
© | B 16 e 10° ;
a | 4 SUSY Point 1 10
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Tracks and E;

3rd trac k:
electron, muon or tau
) Track Isolation:
hollo w cone 0.1-0.4:
I also hadronic decays
trac kK pr sum < 1 GeV

bac kground from Z=
has low pr(trac k) or low E;
) select large E; pT (trac k)

and W

-

track

Selections:

trac k isolation

trac k pt> 3 GeV (5 GeV)
large E; pT (trac k)

0.4

w

Dé Run Il Preliminary

g" Y-
%3102 e + E élc%térmn
o 2 Yy eimx
0 g WZ® emX
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S
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Dé Run Il Preliminary

e data
T Z->ee
B Y >ee
= w->enu
B Z->tt
N | — Neleiy)
3 zzwz,ww
f COtt->ee
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The like-sign +

selection E;

selection of two lik e-sign  muons:
Z= ! bac kground reduced

2 isolated muons, pt > 5;11GeV

< 2.7
E; > 15GeV, not collinear to , jets
invarian t mass (: )< 70

ma jor background source: bb=cc
background estimate from data outside
signal region: nearly isolated muons
bac kground normalized in bb=cc
dominated region: > 2:7
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Results

data bkg exp ectation main bkg signal exp ectation

m = 105 GeV

ee+ - 1 0.68 0.40 0.32 Z= ;W + jet= ; WW ; WZ 1.65 0.07 0.09
e + 0 0.29 0.33 0.02 WZ ;W + jet= ; WW 1.18 0.05 0.06
+ 1 1.83 0.40 0.21 Z= ( ) 1.06 0.04 0.12
LS 1 0.13 0.06 0.02 WZ ; bb; 2z 0.37 0.03 0.03

e+ e+ ~ candidate:
two LS electrons (33,26 GeV)
trac k (9 GeV)

E; = 52 GeV

transv erse mass:. 85, 74 GeV

consisten t with W+ | e +

with photon conversion bk

+ + ° candidate:
two muons (19, 5 GeV)
trac k (5 GeV)
Er = 34 GeV
mass. 17 GeV
consisten t with Z= |
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Interpretation of the Results

N
N

Dé Run Il Preliminary

Search for c;c)® 3l+X: Limiton s~ BR(3l)
M(c]) » M(cz) » 2 M(co) M(slepton) » M(co)
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: he
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Chargino mass scan for slepton masses chargino mass
Theoretical cross section for 3 scenarios as a reference:

heavy squarks (drop sfermion mass univ ersalit y):

enhanced cross section

MSUGRA  with large leptonic branc hing fraction

(ligh t sleptons and bino LSP: enhanced BF via virtual sleptons)
heavy sleptons: chargino/neutralino decay via Z*/W*:

small leptonic branc hing fraction
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Summary

Searc hes for associated chargino-neutralino pro duction have been
performed in 4 nal states (ee; ; e’; LS ) in the challenging
low-mass region with soft leptons.

The num ber of exp ected signal events is in the order of 1-2
events per analysis. 3 candidate events have been selected in
agreemen t with the prediction of the standard mo del.

The com bined analysis impro ves on the Run | result and prob es
new SUSY mass regions beyond the LEP 11l limits down to
Cross section BR(3 leptons) in the order of 0.3 pb.

The analysis sets a chargino mass limit at 97 GeV in mSUGRA

scenarios with large leptonic BF.
Sensitivit y for mSUGRA beyond the LEP Il chargino Ilimits is

exp ected with 25 % more data.

Already much more data on tap e! stay tuned and exp ect up dates soon !
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