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The M inimal Sup ersymmetric
Standard M odel

� Sup ersymmetric partner for each standard mo del degree of freedom

Quark q Squar k ~qR ; ~qL

Lepton l Sl epton ~l R ; ~l L

Neutrino � Sneutr ino ~�
Photon 
 P hot ino ~


W-,Z-Boson W � ; Z W ino ; Z ino ~W � ; ~Z
Higgs H � ; H 0 H ig gsino ~H 0

1
~H +

2

h; A ~H �
1

~H 0
2

9
=

;

4 Neutralinos
~� 0

2x 2 Charginos
~� �

Gluon g Gl u ino ~g

� R-parit y conserv ation:
! stable L igh test Sup ersymmetric P article, LSP ( � 0

1)
escap es detection

� Uni�cation of masses and couplings at GUT scale:
mSUGRA as a guideline
� m0: common scalar mass at GUT scale ! sfermion masses
� m1=2: common fermion mass at GUT scale ( ! SU(2) L mass M 2)
� tan � : ratio of Higgs vacuum exp ectation values
� � : higgs(ino)-mass parameter
� A 0: trilinear coupling ! sfermion-mixing
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SUSY phenomenology
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LEP

Sensitivit y with the curren t data set requires:

� large cross section:
! low gaugino masses (lo w m1=2) NLO cross section

! large squark masses � 0
2 � �

1

� large leptonic branc hing fraction:
! low Slepton masses ( ! low m0)

� large e( � ) branc hing fraction:
! low degree of ~� mixing ! low tan �

) Challenge: Soft leptons

htemp
Entries  8184
Mean    37.99
RMS     14.68

P_T leptons [GeV]
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htemp
Entries  8184
Mean    37.99
RMS     14.68Gaugino decays via virtual sleptons

leading lepton

next-to-leading lepton

3rd lepton mSUGRA P4
M(chargino)=105 GeV
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Strategy

lep1-

LSP

ETmiss

LSPn
lep2

lep1+

(1) T riLeptons:

� leading leptons:
select 2 leptons by tigh t ID cuts

� 3rd lepton:
select isolated trac k
(co vers electrons, m uons, taus)

� LSPs, neutrinos:
require large E=T

(2) Dileptons:

� select t wo lik esign leptons
! get leading lepton from chargino
and leading lepton from neutralino.

� LSPs, neutrinos:
require large E=T
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The D0= detector

� go od calorimetry
� large � cov erage:

trac ks: up to � = 3:0
electrons: up to � = 3:0
m uons: up to � = 2:0
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Data sample

Analyses use data collected from April 2002 up to April 2004

� � + � + ` :
R

L dt = 221pb� 1

� e + e + `:
R

L dt = 249pb� 1

� e+ � + `:
R

L dt = 235pb� 1

� LS � + � :
R

L dt = 147pb� 1

� reac hed design luminosit y:
8x1031 =(cm2 � sec)

� maxim um p eak luminosit y :
10x1031 =(cm2 � sec)
: : : increasing further
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Preselection
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QCD

mm ® *g/0Z
tt ® *g/0Z

Zbb, Wbb
WW,WZ

mm ®tt 
SUSY signal

Dé Run II Preliminary

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

� Muon ID �� + `
� trac k matc h
� an ti-Cosmic cuts
� An ti- b�b: Calorimeter isolation

T rac k isolation mmZ

� Electron ID
� EMfraction, calorimeter isolation
� An ti W + 
 ! e� + 
 with photon

con versions: require silicon hits
� Lik eliho od: trac k matc h, trac k iso-

lation, calorimeter shower shap e

� An ti- Z ! `` :
select low-in varian t mass region

signal region
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An ti-Z: Jets and E=T

hmet3ze
Entries  19385
Mean    7.081
RMS     5.809

Missing transverse energy [GeV]
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data
Z -> ee
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tt -> ee
SUSY signal (P4)

Dé  Run II Preliminary� D Y Z=
 ! `` is characterized by low E=T
ee+ `

� Large E=T :

uctuations of lepton and jet energies

� E=T due to leptons:
� require minim um � � (`; E=T )
� transv erse mass(lepton, E=T )
small for low E=T and low � � (`; E=T )

) require large transv erse mass
� E=T due to jets:

� require large E=T =� (E T (jet))
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DATA
mm ®*gZ/
tt ®*gZ/

nnm e®WW
QCD

 Xm e/®gW+jet/
 Xm e®ZZ
 Xm e®WZ

 Xm e®tt
SUSY Point 1

hmsig2ze
Entries  26950
Mean    4.724
RMS     8.603
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Entries  2182
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Entries  2182
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data
Z -> ee
Y -> ee
W -> enu
Z -> tt
QCD
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tt -> ee
SUSY signal (P4)

Dé  Run II Preliminary

e� + ` ee+ `
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Tracks and E=T
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DATA
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0.1

tr
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k

� 3rd trac k: e� + `
electron, m uon or tau

) T rac k Isolation:
� hollo w cone 0.1-0.4:

! also hadronic � deca ys
� trac k pT sum < 1 GeV

SUSY

� bac kground from Z=
 and W
has low pT (trac k) or low E=T
) select large E=T � pT (trac k)

� Selections:
� trac k isolation
� trac k pT > 3 GeV (5 GeV)

� large E=T � pT (trac k)

hmet13ze
Entries  19350
Mean    16.96
RMS     16.88
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ee+ `

SUSY
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The lik e-sign � + � selection E=T
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Data
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� selection of t wo lik e-sign m uons:
� Z=
 ! �� bac kground reduced

� 2 isolated m uons, pT > 5; 11GeV
� � � �� < 2:7
� E=T > 15GeV, not collinear to � , jets
� in varian t mass (�:� ) < 70

� ma jor bac kground source: b�b=c�c
� bac kground estimate from data outside

signal region: nearly isolated m uons
� bac kground normalized in b�b=c�c

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 ; b�b; ZZ 0.37 � 0.03 � 0.03

e + e + ` candidate:
� t wo LS electrons (33,26 GeV)
� trac k (9 GeV)
� E=T = 52 GeV
� transv erse mass: 85, 74 GeV
� consisten t with W + 
 ! e� + 


with photon con version 3rd track

� + � + ` candidate:
� t wo m uons (19, 5 GeV)
� trac k (5 GeV)
� E=T = 34 GeV
� �� mass: 17 GeV
� consisten t with Z=
 ! ��
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In terpretation of the Results
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 BR(3l)´ s 3l+X: Limit on  ® 2
0c1

±cSearch for 
)2

0
c M(»); M(slepton) 1

0
cM(´ 2») 2

0
c M(») 1

±cM(

Dé Run II
(- - - Expected limit)

LEP
Chargino
Searches

Dé Run I

mSUGRA prediction

heavy squarks

0large m

 = 3btan
 = 00A
 > 0m

� 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 deca y via Z*/W*:
small leptonic branc hing fraction
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Summary

� Searc hes for associated chargino-neutralino pro duction have b een
p erformed in 4 �nal states ( eè ; ��`; e�`; LS�� ) in the challenging
low-mass region with soft leptons.

� The num b er of exp ected signal events is in the order of 1-2
events p er analysis. 3 candidate events have b een selected in
agreemen t with the prediction of the standard mo del.

� The com bined analysis impro ves on the Run I result and prob es
new SUSY mass regions b eyond the LEP I I limits do wn 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 b eyond the LEP I I chargino limits is
exp ected with 25 % more data.

� Already m uch more data on tap e ! sta y tuned and exp ect up dates soon !
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