
!
s Collision Experiment Mass range Charge (e) Cross-section CL (%) Ref.

(GeV) (GeV) limit (pb)

1800 pp̄ CDF 100-270 ±1 0.3-2 95 [340]

1800 pp̄ CDF 50-500 ± 2
3

10-100 95 [339]

±1 5-50

± 4
3

5-70

300 ep H1 < 100 ±1 190 95 [275]

130-209 e+e! OPAL 45-102 ± 2
3

0.005-0.02 95 [280, 319]

45-102 ±1 0.005-0.03

45-100 ± 4
3

0.005-0.02

45-98 ± 5
3

0.005-0.02

189 e+e! DELPHI 68-93 ±1 0.02-0.04 95 [292]

130-183 e+e! DELPHI 2-91 ±1 0.05-0.3 95 [293]

130-183 e+e! DELPHI 2-91 ± 2
3

0.04-0.6 95 [293]

130-172 e+e! ALEPH 45-86 ±1 0.2-0.5 95 [276]

91.2 e+e! ALEPH 5-45 ± 1
3

3 " 10 90 [279]

± 2
3

1 " 12

10-72 ±1" 1.6 - 140

± 4
3

1.4 " 4

91.2 e+e! OPAL 3-45 ± 2
3

0.2-1.0 90 [318]

± 2
3

" 0.15-0.9 95

±1" 0.15-3.0

± 4
3

" 0.18-0.21

±2" 0.27-0.3

91.2 e+e! Kinoshita et al. 1-45 <#|240e| 70 95 [286]

Table 4
A summary of selected direct searches for electrically charged SMPs belonging to class 1.
The searches are categorised according to centre-of-mass energy, colliding particles, and
experiment. A range in cross-section limit is provided for an SMP with a given charge.
The mass range corresponds to the region for which the upper cross-section limit is quoted.
The limits were derived under the assumption of a pair-production mechanism, with the
exception of those results marked with the symbol $. For these limits, a single SMP inclu-
sive production mechanism was assumed. The confidence level to which the limits were
extracted is also shown.

recorded in a detector. Whilst the majority of the aforementioned particles would
certainly be detected in the direct searches, it is, however, conceivable that frac-
tionally charged particles may have been missed. LEP-1 limits for exclusive pair
production processes were not made for SMPs with charges below ±2

3e. Further-
more, in a free quark picture, these particles may possess a large interaction cross-
section, and rapidly become stopped in detector material. In these scenarios, the
indirect limits provide a valuable complement to the direct searches.

Similarly, indirect mass limits can be used to support the stable gluino limits from
direct searches, which are dependent on the phenomenological models used to de-
scribe R-hadron energy loss. These models possess theoretical uncertainties which
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