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Search for R-parity violation in multilepton final states in pp̄ collisions at AsÄ1.8 TeV
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The result of a search for gaugino pair production with a trilepton signature is reinterpreted in the framework
of minimal supergravity~MSUGRA! with R-parity violation via leptonicl Yukawa couplings. The search

used 95 pb21 of pp̄ collisions atAs51.8 TeV recorded by the DO” detector at the Fermilab Tevatron. A large
domain of the MSUGRA parameter space is excluded forl121, l122>1024.

PACS number~s!: 14.80.Ly, 12.60.Jv, 13.85.Rm
071701-2



RAPID COMMUNICATIONS

SEARCH FORR-PARITY VIOLATION IN . . . PHYSICAL REVIEW D 62 071701~R!
TABLE I. The result of the search for a trilepton signature at DO” @3#.

Event categories eee eem emm mmm

Lint (pb21) 98.765.2 98.765.2 93.164.9 78.364.1
Observed events 0 0 0 0
Background events 0.3460.07 0.6160.36 0.1160.04 0.2060.04
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Supersymmetry~SUSY! is one of the possible extension
of the standard model~SM!. For each SM particle there is
hypothesized supersymmetric partner with spin differing
1/2-integer. Most searches for supersymmetric particles
sume conservation ofR-parity,Rp , a multiplicative quantum
number defined as (21)3NB1NL12S, whereNB is the baryon
number,NL is the lepton number, andS is the spin quantum
number@1#. However, SUSY does not requireR-parity con-
servation. In particular, the lightest supersymmetric part
~LSP! can decay into a purely leptonic state due to the pr
ence of anRp- andNL-violating term in the supersymmetri
potential,l i jkLiL jEk

C , whereLi and Ek are isodoublet and
isosinglet supersymmetric lepton fields, respectively~the su-
perscriptC indicates charge conjugation!. The indicesi , j ,k
run over the three lepton generations and the potentia
antisymmetric for the indicesi andj. Current upper limits on
R-parity violating SUSY Yukawa couplings,l i jk , are of the
order of '1022 @2#. If these couplings are not vanishing
small, an enhancement is expected in the number of
duced multilepton events.

In this paper, we reinterpret the result of a previous sea
by the DO” Collaboration for gaugino pair production in mu
tilepton channels@3#. We use the minimal low-energy supe
gravity ~MSUGRA! model @4,5# as a starting point, and ad
non-vanishingl i jk couplings. The MSUGRA model has fou
continuous parameters and one discrete parameter:m0 — the
universal scalar mass,m1/2 — the universal gaugino mass
A0 — the common trilinear interaction term, tanb — the
ratio of the vacuum expectation values of the two Hig
fields, and the sign ofm — the Higgsino mass paramete
The mass spectrum of the SUSY partners at the electrow
scale and their decay branching ratios are obtained from
above parameters by solving a set of renormalization gr
equations using the programISAJET @6#. Present limits on the
l i jk Yukawa couplings@2# imply that this mass spectrum i
the same as for the case of conservedR-parity. In this analy-
sis we consider only parameter regions with a neutra
(x̃1

0) as LSP.
The Collider Detector at Fermilab~CDF! and DO” Col-

laborations have previously reported on searches forR-parity
violation in the di-electron1jets channels@7,8#. They as-
sumed anRp- and NL-violating supersymmetric potentia
terml i jk8 QiL jDk

C , whereQi andDk are isodoublet and isos
inglet supersymmetric quark fields, respectively. Some
gions of the MSUGRA parameter space are excluded
non-observation of SUSY or Higgs particles at the CER
e1e2 collider ~LEP2!: the present limit on the mass of th
lightest neutral SUSY Higgs boson~88.3 GeV@9#! implies
that tanb<2 is excluded, independent of the other para
eters. At higher tanb, part of the parameter space is e
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cluded by the lower limit on thex̃1
0 mass@10# obtained as-

sumingR-parity violation throughl couplings.
The event selection and background estimations use

this work are discussed in the above-mentioned DO” search
@3#. Four different final states were considered:eee, eem,
emm, and mmm, requiring at the least three electrons, tw
electrons and a muon, two muons and an electron, or th
muons, in the respective channels. No acceptable ev
were found. The result is summarized in Table I. The cor
sponding selection criteria~including the triggers! are de-
tailed in Ref. @3#. A minimum value of missing transvers
energy and a minimum number of leptons above a thresh
in transverse energy were required for each channel.
though no explicit veto was used to minimize jet activit
mild selection criteria were applied on masses of lepton p
of the same flavor and on the angles between these lep
as well as between the directions of the leptons and mis
transverse energy, in order to reduce Drell-Yan and ins
mental background. We consider the selection criteria
Ref. @3# adequate for the present analysis.

Our search is most sensitive to decays with highest e
tron and muon multiplicity, i.e., those with not lepton
among the decay products of the LSP. The detection e
ciency is highest, especially for the case ofl121, when elec-
trons dominate. On the other hand, couplingsl133 andl233
correspond to decays with the least sensitivity, because
number oft leptons is highest. We limit ourselves to th
three extreme cases:l121, l122 andl233.

We generate Monte Carlo~MC! events with all possible
production and decay modes of SUSY particles assuming
MSUGRA model usingISAJET @6# with R-parity violation
@11,12#. We apply the same selection criteria as used in@3# to
these generated events, and calculate all signal efficienc

Detector response is modeled using a parametrized,
particle-level simulation of isolated electrons, photons, a
both isolated and non-isolated muons. The model contain
reconstruction and a simulation of the missing transverse
ergy in an event. Lepton acceptance criteria include the
of electrons in the region between the central and end
ostats of the calorimeter (1.2<uhu<1.4), and a lookup table
of the muon efficiency as a function ofh and f @13,14#,
where h and f are the pseudorapidity and the azimuth
angle of the lepton, respectively. The parameters of the p
gram are tuned so that the total acceptance,e total, and the
shapes of the missing transverse energy distributions
charged leptonh, f and transverse energy distribution
agree with detailed simulation based onGEANT @15,16#. The
total acceptance includes the geometrical acceptance,
ciency factors for the trigger, track reconstruction, and lep
identification. It depends mainly on the type of coupling a
1-3
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on the value ofm1/2. In the vicinity of the exclusion contour
the typical values are 20%, 10%, and 0.3% forl121, l122,
andl233, respectively.e total decreases with decreasingm1/2,
mainly because the masses of the gauginos decrease an
energies of their decay products fall below the detect
threshold. For the case of thel121 coupling, the detection
efficiencies are 5, 15 and 19% for thex̃1

6(x̃1
0) masses of

56~32!, 102~56! and 147~79! GeV, respectively. Formx̃
1
6

556 GeV the efficiencies are 5, 2.4 and 0.2% for thel121,
l122 andl233 couplings, respectively.

Our 95% C.L. exclusion contours are based on a Baye
approach@17,18#. For each point in the (m0 ,m1/2) plane, we
calculate a 95% C.L. upper limit on the cross section. T
excluded region is determined from the intersection of t
surface with the corresponding cross section predicted
ISAJET. In this calculation, we use as input the total int
grated luminosities, and the uncertainties in the number
background events~cf. Table I! and in e total. The latter in-
cludes the statistical error, an overall 10% systematic erro
the MC simulation, and the error on efficiency factors for t
trigger, track reconstruction, and lepton identification, det
mined through independent measurements described in
@3#. Their values are between 10% and 20%, and depen
the event category~and therefore on thel i jk coupling! and to
a lesser extent on event kinematics~e.g., on supersymmetri
particle masses!. Finally, we include a 10% uncertainty o
the theoretical cross section, due to, e.g., the choice of pa
distribution function.

Figures 1 through 4 show, respectively, the exclusion
gions in the (m0 ,m1/2) plane for the three chosen coupling
for tanb55 and 10, and for both signs ofm. Since the
characteristics of SUSY signatures at hadron colliders
rather insensitive to values ofA0 @19#, we have fixed the
value ofA0 to zero. The dashed line indicates the limit of o
sensitivity in m1/2 for the least favorable case, i.e., for th

FIG. 1. Exclusion contours at 95% C.L. limits for tanb 5 5,
m,0, for the case of finitel121, l122 andl233 couplings. For the
explanation of the different curves, see the text.
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coupling ofl233, wheree total,1024. The exclusion regions
correspond to the spaces below the solid lines labeled w
the coupling types, and above the higher of the dashed
and the dash-dotted curves specifying the numerical va
of l. In the regions beyond the dash-dotted curves, the
erage decay length of the LSP calculated for the value of
coupling indicated on the curve is less than 1 cm. Sin
efficiency studies for high impact parameter tracks have
been done, we conservatively restrict the present stud
decay lengths less than 1 cm. Thus, for example, the reg
between curves labeled withl121 and 1023 is excluded if
l121.1023. The shaded areas indicate the regions wh
there is no electroweak symmetry breaking or where the L
is not the lightest neutralino. Finally, we also show lim
corresponding to the present lower limit on thex̃1

0 mass~dot-
ted line!, which exclude the regions below. The wiggles
thel233 curves are due to statistical fluctuations and to the
GeV spacing between neighboringm0 points used to calcu-
late the curves.

In conclusion, we have reinterpreted the result of a sea
for trilepton events in terms of possibleR-parity violation in
decays of the LSP. We have found that a large domain
MSUGRA parameter space can be excluded, provided
R-parity breaking is achieved by lepton-number no
conservation with l121 or l122 couplings greater than
'1024. The region of sensitivity extends beyond that pre
ently excluded by LEP experiments@9,10#. For l233, where
our experiment is least sensitive, only a very limited dom
of parameter space can be excluded, and this region is
ready excluded by LEP. The excluded values ofm1/2 depend
mainly on the type of coupling, and much less on the valu
of other parameters. In particular, the excluded region
slightly larger form.0 than form,0, and is almost inde-
pendent of tanb.

We thank the staffs at Fermilab and at collaborating
stitutions for contributions to this work, and acknowled

FIG. 2. Exclusion contours at 95% C.L. limits for tanb 5 5,
m.0, for the case of finitel121, l122 andl233 couplings.
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