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Fig. 5. The excluded regions in the plane of the χ0
1 mass

versus χ0
1 proper lifetime, at 95% C.L., for the reaction

e+e− → χ0
1χ

0
1 → G̃G̃γγ, under the assumptions of the MGM.

The lighter shaded region is based on the search for single
photons which do not originate from the interaction region
(Sect. 4.6); the darker shaded region is based on the search for
acoplanar photon pairs (Sect. 5.2)

|cos θ| < 0.95. There must be no charged particle tracks
(except those coming from an identified photon conver-
sion) and less than 1 GeV of non-photonic additional vis-
ible energy. The acoplanarity angle of the two most en-
ergetic photons must be smaller than 177◦, and the total
transverse momentum of the multi-photon system must
be greater than 3.75% of the missing energy. Events with
more than two photons are required to have a missing
energy larger than 0.4(

√
s).

When this selection is applied to the 189–209 GeV data,
93 events are selected, while 88 are predicted from the
process e+e− → νν̄γγ(γ). From a comparison of different
event generators [14,16], the theoretical uncertainty on
this prediction, including the effect of missing higher-order
electroweak diagrams, is estimated to be less than 5%. The
missing mass distribution and the energy distribution of
the second most energetic photon for the selected data
events are compared in Fig. 6 to the SM expectations.

5.2 Search for e+e− → χ0
1χ0

1 → G̃G̃γγ

The GMSB process e+e− → χ0
1χ

0
1 → G̃G̃γγ gives rise to fi-

nal states with two acoplanar photons for small neutralino
lifetimes. As the gravitino is nearly massless, and the de-
cay χ0

1 → G̃γ is isotropic in the χ0
1 rest frame, the photon

energy spectrum is expected to be flat. A threshold cut on
the energy of the second most energetic photon is therefore
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Fig. 6a,b. For the two photon and missing energy sample, the
distributions of a the invariant mass of the system recoiling
against the photon candidates and b the energy of the second
most energetic photon, for the data (points with error bars)
and the SM expectation (histogram)

very effective at reducing the SM background, where this
photon is predominantly produced via bremsstrahlung.
The optimization of the threshold cut was done in the con-
text of the MGM [27]. In this model the lightest neutralino
is pure bino, and the right-handed selectron (left-handed
selectron) mass is 1.1 (2.5) times the neutralino mass. At
LEP, the production of bino-like neutralino pairs proceeds
via t-channel selectron exchange, with right-handed selec-
tron exchange dominating over left-handed selectron ex-
change. Within this framework, the optimized value for
the threshold cut is 37 GeV. Four candidate events are
selected in the data, with 4.9 expected from background.

The 95% C.L. upper limit on the e+e− → χ0
1χ

0
1 pro-

duction cross section at
√

s = 207 GeV, obtained after
subtraction of the expected background, is shown in Fig. 7
for a χ0

1 → γG̃ branching ratio of 100% and a χ0
1 labora-

tory lifetime of less than 3 ns. The data collected at lower
centre-of-mass energies are included by scaling their lu-
minosities according to the cross section predictions of
the MGM. The systematic uncertainty for this analysis
is dominated by that on the photon reconstruction effi-
ciency, estimated to be smaller than 2%, and that on the
level of background from standard processes, estimated
to be 10%. The effect of these uncertainties on the cross
section upper limit, taken into account by means of the
method of [28], is less than 1%. The e+e− → χ0

1χ
0
1 cross

section in the MGM is also shown in Fig. 7. The neutralino
mass limit obtained for this model is Mχ0

1
≥ 98.8 GeV/c2

at 95% C.L. The effect of the systematic uncertainties on
the mass limit is negligible.


