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During the LEP2 operation, the 4 LEP experiments have collected data at centre-of-mass 
energies up to 209 GeV. Those data have been analysed in the search of charginos, neutralinos 
and sfermions in the framework of the Minimal Supersymmetric Standard Model (MSSM) with 
R-parity conservation and assuming the lightest neutralino to be the Lightest Supersymmetric 
Particle (SUGRA-model) .  No evidence for a signal was found in any of the channels. The 
results of each search were used to derive upper limits on production cross-sections and masses. 
In addition, the combined result of all searches excludes regions in the parameter space of the 
constrained MSSM, leading to limits on the mass of the LSP. All limits are given at 953 
confidence level, all results are preliminary. 

1 Introduction 

Supersymmetry (SUSY) 1 is at present one of the most attractive possible extensions of the 
Standard Model (SM) and its signatures could in principle be observed at LEP through a large 
variety of different channels. Searches for pair-produced charginos, neutralinos, sleptons and 
squarks are briefly reviewed. The searches were performed and interpreted in the most model­
independent possible way in terms of production cross-sections and masses. The results are 
interpreted in the framework of SUSY models, with different search channels complementing 
each .other in constraining the parameter space. During the LEP2 operation ( 1995-2000), the 
4 LEP experiments, ALEPH, DELPHI, L3 and OPAL have each collected about 700 pb-1 of 
integrated luminosity at centre-of-mass energies up to 209 GeV. Those data have been used for 
the present searches. 

2 SUSY framework 

The searches presented here were performed in the framework of the Minimal Supersymmetric 
extension of the Standard Model (MSSM) 1 . R-parity conservation is assumed, implying that 
the Lightest Supersymmetric Particle (LSP) is stable and SUSY particles ( "sparticles" , defined 
as having R = -1)  are pair-produced. In addition, they decay directly or indirectly into the 
LSP which is weakly interacting and escapes detection, giving a signature of missing energy and 
momentum. The lightest neutralino (x�) is assumed to be the LSP (SUGRA-model) . To make 
the model more predictive, the unification of some parameters at a high mass scale typical of 
Grand Unified Theories (GUT) is assumed, leading to only 8 new parameters with respect to 
the SM ones 1 ,2 namely µ, m 1 ,  mo , tan /) , mA and Ab,t,r · . 2 



3 Results 

The preliminary results given here consist of a selection of the searches fully reviewed in 2. In 
any of the searches no excess of candidates was observed with resj5ect to the standard model 
predictions and iimits on masses and cross-sections were set at 95 % confidence level. 

3. 1 Search for squarks and sleptons 

In large regions of the SUSY parameter space the dominant decay of the sfermions is to the 
corresponding fermion and the lightest neutralino, f -+ Ex� . In the case of the t, the decay 
t -+  tx� is not kinematically allowed at LEP, and the dominant 2-body decay channel is expected 
to be t -+ ex� (t -+ bxf being disfavoured by existing limits on the chargino mass). If m;; < Mt1 , 
the three-body decay t1 -+ b£D may compete with the ex� decay. 

Therefore, final state topologies with a pair of leptons or jets and missing energy are the 
relevant ones in the search for sleptons and squarks, respectively. The total energy of the 
detectable final state particles (and, thus, the sensitivity of the search) depends primarily of the 
mass difference between the sfermion and the LSP (generically called .6.M). 

In the third slepton and squark famillies mass eigenstates, (}1}2) may be a mixing between 
interaction eigenstates (fL,JR) , this mixing is usually labelled by a Bmix mixing angle which 
depends on the theoretical parameter values of the SUSY model. For some peculiar values 
of this angle a decoupling to the Z boson may occur and the total production cross-section 
decreases and so is the corresponding mass limit. Table 1 shows the combined results of the 4 
LEP collaborations in term of the obtained squark mass limits at 953 C.L. requiring .6.M to be 
greater than 15 GeV /c2and the ALEPH t1 mass limit valid for all .6.M values. Only limits on 
the third squark familly are shown since t1 and b1 are expected to be lighter than the squarks 
from the two first famillies due to the non-diagonal mixing terms in the Lagrangian. For the 
sleptons, table 2 shows the obtained mass limit for eR, P.R and TR combining all LEP2 data . 

Limits (ADLO) 

stop mass limit t1 -+ ex 
stop mass limit t 1  -+ blD 
sbottom mass limit b1 -+ bx 

.6.M > 15 GeV /c' 
Bmix = 0° l 

> 96 GeV /e' 
> 95 GeV /e' 
> 99 GeV/e2 

Bmix = 56° /68° 
> 93 GeV/cz 
> 9 1  GeV /c' 
> 93 GeV /e2 

ALEPH limit for all .6.M, using long-lived hadron search 
stop mass limit t1 -+ ex > 65 GeV /e' 

Table 1: Mass limits on squark masses obtained with a combination of the 4 LEP experiments requiring 
L!.M > 15 GeV /c2 • The last line gives the mass limit obtained by ALEPH where the L!.M constraint was released . 

Limits (ADLO) .6.M > 15 GeV /e' 
selectron mass limit > 99 GeV /cZ 
smuon mass limit > 94 GeV /e' 
stau mass limit > 80 GeV /e' 

Table 2: Obtained mass limit for en, jj.n and fn combining all LEP2 data and requiring L!.M > 15 GeV /c2 . 

3.2 Search for charginos and neutralinos 

In the case of chargino pair production, the final state is four jets if both charginos decay 
hadronically, two jets and one lepton if one chargino decays into £vx� , and leptons only if both 



charginos decay into leptons. The branching-ratio of xt ---+ xg f f' can be sizeable, in particular 
in the regions of the parameter space where xg ---+ xh is important. In this case, the above 
topologies are accompanied by photons. 

If the mass difference .6.M between the chargino and the LSP is very small the visible 
energy released in the decay is very small, making the signal hard to detect. The simultaneous 
production of a photon by initial state radiation was used to explore such regions, as this allows 
a very efficient bacUground rejection at the expense of a low signal cross-section. Even lower 
mass differences imply a long lifetime of the chargino, which can then be identified as a heavy 
stable charged particle or one with a displaced decay vertex. 

In the case of the detectable x�x� neutralino production channels (i.e. excluding x�x�), the 
most important signatures are expected to be acoplanar pairs of jets or leptons with high missing 
energy and momentum. 

All those signatures for chargino and neutralino decays have been searched for at LEP2 and 
limits on the chargino mass and production cross-section assuming a heavy sneutrino are sho"'.n 
in figures 1 and 2 where 6.M was required to be greater than 3 Ge V / c2. Figure 3 shows the 
excluded chargino mass region for low values of 6.M (i.e. 6.M < 3 GeV /c2) and limit on the 
X�Xg production cross-section in the plane (Mx� 'Mxg ) is given in figure 4 .  

DELPHI iTii mass limits 

Stable i,� m ; > 300GeV/c2 
"' ., 

Mi�-Mi� (GeV/c2) 

Figure 1: The chargino mass limit as function of the 
Ll.M value under the assumption of a heavy sneutrino. 
The limit applies to the case of a stable x_?. The straight 

horizontal line shows the kinematic limit. 
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Figure 2: The contour of the 953 C.L. upper limits for 
the e+e- -+xix;- production cross-sections at ../S = 
208 GeV are shown assuming Br(xg -+ z·x�) = 100 3 
The kinematic boundaries are shown by dashed lines. 

3.3 Lightest Supersymmetric Particle mass limit 

The negative search results in all the channels mentioned above were used to exclude regions in 
the parameter space of the constrained MSSM and set limits on the LSP mass. We present here 
the results from the DELPHI collaboration (other LEP experiments results can be found in 2 ) .  
Figure 5 shows the obtained Mx� limit as a function of  tan/3 for different validity conditions. 
The solid curve shows the limit obtained for mo = 1000 Ge V / c2, the dashed curve shows the limit 
obtained allowing for any mo assuming that there is no mixing in the third family (A7 = µtan /3, 
Ab = µtanf3,At = µ/tan /3) ,  and the dash-dotted curve shows the limit obtained for any mo 
allowing for the mixing with A7=Ab=Ai=O. 
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Figure 4: Upper limits on neutralino production cross­
Figure 3: 953 confidence level excluded region for sections up to Vs = 208 GeV. Exclusion limits are mo > 500 Ge V / c2 in the higgsino region. Chargino obtained assuming standard Z branching ratios 

masses below 89 GeV /c2 are excluded at 95% C.L. 

N� 
g 

The steep solid (dashed) curve shows the effect j of the searches for the Higgs boson for the max­
imal M ho scenario (no mixing scenario) ,  mo ::; 
1000 GeV/c2 and Mt= 174.3 GeV/c2, which 
amounts to excluding the region of tan ,B < 
2.36(9.7). The obtained limits are summarized 
in the following table : 

Validity conditions M;;? limit 
high mo, tan ti >1,incl. Higgs > 49 GeV /c" 

10 � . 
PRELIMINAl!.Y 

any mo, tan tJ <40, no mixing > 46 GeV/c' 
any mo, tan tJ <40, mixing, A;=O > 36.7 GeV /c• 

o� ......... ._...�����.......,����'IO. 
tan� 

Figure 5: The lower limit at 95 % confidence level on 
the mass of the lightest neutralino, x�' as a function of 

tan f3 assuming a stable x?. 
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