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C. De Oliveira Martins,3 J. D. Degenhardt,65 F. Déliot,18 M. Demarteau,51 R. Demina,72 D. Denisov,51 S. P. Denisov,39

S. Desai,51 H. T. Diehl,51 M. Diesburg,51 A. Dominguez,68 H. Dong,73 L. V. Dudko,38 L. Duflot,16 S. R. Dugad,29

D. Duggan,50 A. Duperrin,15 J. Dyer,66 A. Dyshkant,53 M. Eads,68 D. Edmunds,66 J. Ellison,49 V. D. Elvira,51 Y. Enari,78

S. Eno,62 P. Ermolov,38 H. Evans,55 A. Evdokimov,74 V. N. Evdokimov,39 A. V. Ferapontov,60 T. Ferbel,72 F. Fiedler,24

F. Filthaut,35 W. Fisher,51 H. E. Fisk,51 M. Ford,45 M. Fortner,53 H. Fox,23 S. Fu,51 S. Fuess,51 T. Gadfort,83 C. F. Galea,35

E. Gallas,51 E. Galyaev,56 C. Garcia,72 A. Garcia-Bellido,83 V. Gavrilov,37 P. Gay,13 W. Geist,19 D. Gelé,19 C. E. Gerber,52
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20IPNL, Université Lyon 1, CNRS/IN2P3, Villeurbanne, France, and Université de Lyon, Lyon, France
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We report a search for R-parity-violating production and decay of sneutrino particles in the e� final
state with 1:04� 0:06 fb�1 of data collected with the D0 detector at the Fermilab Tevatron Collider in
2002–2006. Good agreement between the data and the standard model prediction is observed. With no
evidence for new physics, we set limits on the R-parity-violating couplings �0311 and �312 as a function of
the sneutrino mass.
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Supersymmetry (SUSY) postulates a symmetry between
bosonic and fermionic degrees of freedom and predicts the
existence of a supersymmetric partner for each standard
model (SM) particle. Supersymmetric extensions of the
SM provide mechanisms for solving the hierarchy problem
and offer the possibility of unification of interactions. An
R-parity quantum number is defined as R � ��1�2S�L�3B

[1], where B, L, and S are, respectively, the baryon and
lepton quantum numbers and the spin of the particle, such
that SM particles have R � �1 and their SUSY partners
have R � �1. R parity is often assumed to be conserved,
which preserves L and B quantum number invariance and
leaves the lightest supersymmetric particle (LSP) stable.
However, there is no fully compelling reason for the as-
sumption of R-parity conservation. In general, representa-
tions of a gauge-invariant and renormalizable super-
potential, terms of R-parity violation (RPV), can be in-
cluded as

 WRPV �
1
2�ab�ijkL

a
i L

b
jEk � �ab�

0
ijkL

a
i Q

b
jDk

� 1
2�����

00
ijkU

�
i D

�
j D

�
k � �ab�iL

a
i H

b
u; (1)

where L and Q are the lepton and quark SU�2� doublet
superfields, respectively, and E, U, and D denote the
singlet fields. The indices i; j; k � 1; 2; 3 refer to fermion
generation; a; b � 1; 2 are SU�2� isospin indices; and
�;�; � � 1; 2; 3 are SU�3� color indices. The bilinear
terms �LH mix the lepton and the Higgs superfields,
which could yield neutrino masses and introduce a natural
description of neutrino oscillation [2]. The trilinear terms
LLE and LQD represent lepton flavor-violating interac-
tions, and theUDD terms lead to baryon number violation,
where interaction strengths are given, respectively, by the
dimensionless Yukawa coupling constants �, �0, and �00.

A single slepton could be produced in hadron collisions
by LQD interactions and then decay into SM dilepton final
states via LLE interactions. The observation of a high-
mass dilepton resonance would be evidence of new physics
beyond the SM [3]. In this Letter, we report a direct search
for resonant production of sneutrinos decaying into an
electron and a muon in p �p collisions at

���
s
p
� 1:96 TeV

at the Tevatron. The search is performed under the hy-
pothesis that the third-generation sneutrino (~��) is the LSP
and dominant, namely, by assuming that all couplings but
�0311 and �312 � �321 are zero. The final state is character-
ized by an electron and a muon, both of which are well
isolated and have high transverse momentum (pT) which is
approximately half of the sneutrino mass. The main back-
ground contributions are from Z=�� ! ��, WW, t�t, WZ,
and ZZ processes that sequentially decay to e� final states.
High pT leptons in the signal process allow us to employ
high pT thresholds to suppress the background.

The indirect 2	 upper limit on the product of �0311 �
�312 from the Sindrum II experiment, reviewed by Ref. [4],
is 2:1� 10�8 for a degenerated sparticle mass spectrum of
M � 100 GeV. Under the single coupling dominance as-
sumption, where each coupling at a time is assumed to be
nonzero, the indirect 2	 bounds are

 �0311 	 0:12; �312 	 0:07;

M 
 M~�� � 100 GeV:
(2)

A direct search for this process has been performed by the
CDF Collaboration with Tevatron run II data [5].

The D0 detector comprises a central tracking system in a
2 T superconducting solenoidal magnet, a liquid-argon/
uranium calorimeter, and a muon spectrometer [6]. The
tracking system consists of a silicon microstrip tracker and
a scintillating fiber tracker (CFT) with eight layers
mounted on thin coaxial barrels; it provides coverage for
charged particles in the pseudorapidity range j
j< 3,
which is defined as 
 
 � ln�tan��2��, where � is the polar
angle with respect to the proton beam direction. The calo-
rimeter consists of a central section (CC) covering up to
j
j 
 1:1 and two end caps (ECs) extending coverage to
j
j 
 4:2, each housed in a separate cryostat. Each section
consists of an inner electromagnetic (EM) compartment,
followed by a hadronic compartment. The EM calorimeter
has four longitudinal layers and transverse segmentation of
0:1� 0:1 in 
-� space (where � is the azimuthal angle),
except in the third layer, where it is 0:05� 0:05. The muon
system resides beyond the calorimeter and consists of a
layer of tracking detectors and scintillation trigger counters
before 1.8 T iron toroidal magnets, followed by two similar
layers after the toroids. Luminosity is measured by using
plastic scintillator arrays located in front of the EC cryo-
stats, covering 2:7< j
j< 4:4. The data acquisition sys-
tem consists of a three-level trigger, designed to
accommodate the high instantaneous luminosity. For final
states containing an electron with pT above 30 GeV, the
trigger efficiency is close to 100%. The data sample used in
this analysis was collected between April 2002 and
February 2006 and corresponds to an integrated luminosity
of 1:04� 0:06 fb�1.

Only electrons in the CC region are considered in this
analysis. The electron selection requires (i) an EM cluster

with a cone of radius �R 

���������������������������������
����2 � ��
�2

p
� 0:2 in the

central calorimeter, with transverse energy ET > 30 GeV,
where ET is defined as the cluster energy times sin�; (ii) at
least 90% of the cluster energy be deposited in the EM
section of the calorimeter; (iii) the calorimeter isolation
variable (I) should be less than 0.15, where I 

Etot�0:4��EEM�0:2�

EEM�0:2�
, Etot�0:4� is the total energy in a cone of

radius 0.4, and EEM�0:2� the EM energy in a cone of
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radius 0.2 around the electron candidate direction; (iv) the
transverse and longitudinal shower profiles be consistent
with those of electrons; and (v) a track pointing to the EM
cluster. To suppress the misidentification of jets as elec-
trons, an electron likelihood discriminant based on the
calorimeter variables and additional tracking information
is defined. To ensure a high efficiency for signal events, we
impose the likelihood requirement on electron candidates
in the 30 GeV<ET < 100 GeV region and not the ET �
100 GeV region, where the jet contamination is substan-
tially reduced. The reconstruction efficiencies of electrons
are determined from a Z! e�e� data sample to be �80�
2�% for ET < 100 GeV and �86� 2�% for ET �
100 GeV.

The muon candidate is required to be separated from the
electron candidate by �R> 0:2 and from any jets by
�R> 0:5, where jets are reconstructed by using an iter-
ative seed-based cone algorithm [7]. In addition, we re-
quire (i) that the track pT be above 25 GeV; (ii) hits in the
muon scintillation counters with a time consistent with
originating from the proton-antiproton collision; (iii) at
least 8 CFT hits along the track; (iv) the ET sum of the
calorimeter cells in the annulus cone of 0:1< �R< 0:4 be
less than 2.5 GeV; and (v) the transverse momentum sum of
all tracks besides the muon track within a cone of radius
�R � 0:5 be less than 2.5 GeV. The reconstruction effi-
ciency of muons determined from a Z! ���� data
sample is �81� 2�%.

To suppress the WZ and ZZ background, events having
two muon candidates with pT > 5 GeV or two electron
candidates with pT > 8 GeV are rejected. In order to sup-
press the t�t background, events with missing transverse
energy E6 T > 15 GeV that is not aligned or antialigned in
azimuth with the muon [0:6<���E6 T; ��< 2:5 rad] as
well as events with at least one jet with pT > 30 GeV
and j
j< 2:5 are rejected.

The partonic signal events are generated by using the
COMPHEP program [8] and CTEQ6L [9] parton distribution
functions (PDFs). The cross section of the process depends
on sneutrino mass M and the LQD and LLE coupling
constants as [3]

 	̂ e� / ��0311�
2��312�

2 1

jŝ�M2 � i�Mj2
; (3)

where �, the total width of the LSP sneutrino, includes all
decay modes (d �d and e�) and also depends on the LQD
and LLE couplings as

 � � �3��0311�
2 � 2��312�

2�
M

16

: (4)

A mass-dependent K factor is applied to include next-to-
leading order (NLO) QCD corrections [10]. The partonic
signal events are processed through PYTHIA [11] to include
parton showering, hadronization, and particle decays. The
influence of the PDF uncertainty on the cross section times

acceptance is 6.2%–8.6% depending on the sneutrino
mass, estimated from the CTEQ6M error functions. The
cross section uncertainty from the choice of renormaliza-
tion scale and factorization scale is about 4%. Standard
model background processes are generated with PYTHIA

and CTEQ6L1. The contribution of Drell-Yan Z=�� pro-
cesses is normalized by using the next-to-next-to-leading-
order cross section [12]. The contributions of WW, WZ,
and t�t processes are normalized with NLO cross sections
[13,14]. All signal and background events are processed
with a detailed GEANT-based D0 detector simulation [15]
and are corrected for trigger effects and the differences in
the reconstruction efficiencies compared to those in the
data. The background from misidentification of photons or
jets as leptons, such as W� and W � jet and QCD dijet
events, is estimated from data and is found to be negligible
given our stringent event selection criteria.

The number of selected events in data and the estimated
background contributions are summarized in Table I. The
ZZ contribution is found to be negligible after the event
selection and is not listed. There are 68 candidates found in
the data. The expectation from the SM processes is
59:2� 5:3 events, where the uncertainty includes the sta-
tistical uncertainty and uncertainties from the integrated
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FIG. 1. Invariant mass of the electron-muon system. The di-
boson contribution includes the WW and WZ processes. The
dashed line indicates the signal Monte Carlo simulation of
sneutrino with mass of 100 GeV and 	� BR of 0.057 pb.

TABLE I. The numbers of selected events in the data and
different estimated background contributions.

Process Events

Z=�� ! �� 42:9� 4:2
WW 13:7� 1:5
t�t 1:4� 0:3
WZ 1:2� 0:2
Total background 59:2� 5:3
Data 68
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luminosity (6%), reconstruction and trigger efficiencies
(3.1%), and background cross sections [Z=�� (3.5%), t�t
(14.7%), and diboson production (5.6%–6.6%)]. The kine-
matic variables of the final state are well described by the
sum of the SM background contributions. The distribution
of the electron and muon invariant mass (Me�) is shown in
Fig. 1.

By using the Me� distributions, we calculate an upper
limit on 	� �branching ratio;BR� for the process p �p!
~�� � X ! e�� X with a modified frequentist (CLs)
method [16], under the assumption that the total width is
much narrower than the detector resolution. The upper
limits as a function of the sneutrino mass are shown in
Fig. 2. We fix one of the coupling constants and set the
upper limit on the other for different sneutrino masses.

Shown in Fig. 3 are the observed upper limits on �0311 for
four assumed values of �312. For a sneutrino with mass of
100 GeV, �0311 > 1:6� 10�3 is excluded at 95% C.L. when
�312 � 0:01.

In summary, we have studied the production of high pT
electron-muon pair final states with about 1 fb�1 of D0
data. We select 68 events, while the SM expectation is
59:2� 5:3 events. The distributions of kinematic variables
are in good agreement with the SM predictions. We set
limits on the parameters of a particular supersymmetric
model which predicts an enhancement of the high pT
electron-muon final state via R-parity-violating production
and decay of sneutrino particles. These are the most strin-
gent direct limits to date.
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