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T. Kurča,20 V. A. Kuzmin,37 J. Kvita,9 S. Lammers,51 G. Landsberg,75 P. Lebrun,20 H. S. Lee,31 S.W. Lee,54 W.M. Lee,47

J. Lellouch,17 L. Li,45 Q. Z. Li,47 S.M. Lietti,5 J. K. Lim,31 D. Lincoln,47 J. Linnemann,62 V.V. Lipaev,38 R. Lipton,47

Y. Liu,7 Z. Liu,6 A. Lobodenko,39 M. Lokajicek,11 P. Love,41 H. J. Lubatti,80 R. Luna-Garcia,32,k A. L. Lyon,47

A.K.A. Maciel,2 D. Mackin,78 R. Madar,18 R. Magaña-Villalba,32 S. Malik,64 V. L. Malyshev,35 Y. Maravin,56

J. Martı́nez-Ortega,32 R. McCarthy,70 C. L. McGivern,55 M.M. Meijer,34 A. Melnitchouk,63 D. Menezes,49

P. G. Mercadante,4 M. Merkin,37 A. Meyer,21 J. Meyer,23 N. K. Mondal,29 G. S. Muanza,15 M. Mulhearn,79 E. Nagy,15

M. Naimuddin,28 M. Narain,75 R. Nayyar,28 H.A. Neal,61 J. P. Negret,8 P. Neustroev,39 H. Nilsen,22 S. F. Novaes,5

T. Nunnemann,25 G. Obrant,39 D. Onoprienko,56 J. Orduna,32 N. Osman,42 J. Osta,53 G. J. Otero y Garzón,1 M. Owen,43

M. Padilla,45 M. Pangilinan,75 N. Parashar,52 V. Parihar,75 S. K. Park,31 J. Parsons,68 R. Partridge,75,‡ N. Parua,51

A. Patwa,71 B. Penning,47 M. Perfilov,37 K. Peters,43 Y. Peters,43 G. Petrillo,69 P. Pétroff,16 R. Piegaia,1 J. Piper,62

M.-A. Pleier,71 P. L.M. Podesta-Lerma,32,{ V.M. Podstavkov,47 M.-E. Pol,2 P. Polozov,36 A.V. Popov,38 M. Prewitt,78

D. Price,51 S. Protopopescu,71 J. Qian,61 A. Quadt,23 B. Quinn,63 M. S. Rangel,16 K. Ranjan,28 P. N. Ratoff,41 I. Razumov,38

P. Renkel,77 P. Rich,43 M. Rijssenbeek,70 I. Ripp-Baudot,19 F. Rizatdinova,74 M. Rominsky,47 C. Royon,18 P. Rubinov,47

R. Ruchti,53 G. Safronov,36 G. Sajot,14 A. Sánchez-Hernández,32 M. P. Sanders,25 B. Sanghi,47 A. S. Santos,5 G. Savage,47

L. Sawyer,57 T. Scanlon,42 R.D. Schamberger,70 Y. Scheglov,39 H. Schellman,50 T. Schliephake,26 S. Schlobohm,80

C. Schwanenberger,43 R. Schwienhorst,62 J. Sekaric,55 H. Severini,73 E. Shabalina,23 V. Shary,18 A. A. Shchukin,38

R. K. Shivpuri,28 V. Simak,10 V. Sirotenko,47 P. Skubic,73 P. Slattery,69 D. Smirnov,53 K. J. Smith,67 G. R. Snow,64
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15CPPM, Aix-Marseille Université, CNRS/IN2P3, Marseille, France
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We report the results of a search for R parity violating (RPV) interactions leading to the production of

supersymmetric sneutrinos decaying into e� final states using 5:3 fb�1 of integrated luminosity collected

by the D0 experiment at the Fermilab Tevatron Collider. Having observed no evidence for production of

e� resonances, we set direct bounds on the RPV couplings �0
311 and �312 as a function of sneutrino mass.

DOI: 10.1103/PhysRevLett.105.191802 PACS numbers: 14.80.Ly, 12.60.Jv, 13.85.Rm

In all standard model (SM) interactions, baryon number,
B, and lepton number, L, are separately conserved. In the
supersymmetric (SUSY) extension of the SM, B and L
violating interactions are generally allowed. A new multi-

plicative quantum number is therefore introduced, R ¼
ð�1Þ2Sþ3ðB�LÞ, defined in terms of B, L and the spin
quantum number S, which distinguishes SM particles
(R ¼ þ1) from their SUSY partners (R ¼ �1) [1]. If R
parity is conserved in the minimal extension of the SM, no
B and L violating interactions can occur.

All SUSY particles are pair-produced if R parity is
conserved. RPV interactions allow single production of
SUSY particles which significantly reduces the energy
required to observe them at a collider.

The most general renormalizable gauge invariant R
parity violating (RPV) supersymmetric potential can be
found in [2]. The terms in the Lagrangian relevant to this
analysis are

LRPV ¼ �1
2�ijkð~�iL

�lkRljL � ~�jL
�lkRliLÞ

� �0
ijkð~�iL

�dkRdjLÞ þ H:c:; (1)

where the indices i, j, k ¼ 1, 2, 3 refer to fermion genera-
tion; l and d are the SM lepton and down quark fields; R
and L are chirality indices and ~� is the field of the SUSY
partner of the neutrino, the sneutrino. These terms lead to
the production of a single sneutrino in d �d scattering. The
search is performed under the hypothesis that only the third
generation sneutrino (~��) is produced and that it is the
lightest SUSY particle. All couplings apart from �0

311 and

�312 ¼ �321 ¼ ��231 ¼ ��132 are therefore assumed to
be zero and the sneutrino decay is determined by the e�
and d �d modes.
In this Letter, we report on a search for resonant pro-

duction of a sneutrino decaying into an electron and a
muon in p �p collisions at

ffiffiffi
s

p ¼ 1:96 TeV at the Fermilab
Tevatron collider in a data set with an integrated luminosity
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of 5:3 fb�1, collected between April 2002 and June 2009.
Observation of this process would provide direct evidence
of physics beyond the SM [3]. Previous searches for high-
mass e� resonances by the CDF [4] and D0 [5]
Collaborations were based on integrated luminosities of
1:0 fb�1. In addition to using a significantly larger data
sample, the signal sensitivity has been improved by in-
creasing the lepton acceptance and by applying a neural
network (NN) selection to distinguish jets from electrons.

Indirect 2 standard deviation bounds on the coupling
constants, under the single coupling dominance assump-
tion with a degenerate sparticle mass spectrum of M �
M~��

¼ 100 GeV, are given in Ref. [2] as

�0
311 � 0:12; �312 � 0:07: (2)

The sneutrino production cross section is determined by
these two couplings and the sneutrino mass M~��

. The final

state is characterized by an electron and a muon, both of
which are well-isolated and have high transverse momen-
tum, pT , of approximately M~��=2, and by a peak in the

invariant e� mass at M~��
. The dominant SM background

processes for this event topology are the production of
Z=�� ! ��, dibosons (WW=WZ=ZZ), t�t pairs, and W
bosons in association with jets, where a jet is misidentified
as a lepton.

The D0 detector [6] comprises a central tracking system
in a 2 T superconducting solenoidal magnet, surrounded by
a central preshower detector (CPS), a calorimeter, and a
muon system. The tracking system, a silicon microstrip
tracker (SMT) and a scintillating fiber tracker (CFT),
provides coverage for charged particles in the pseudora-
pidity range j�j< 3 [7]. The CPS is located immediately
before the inner layer of the calorimeter and is formed of
approximately one radiation length of lead absorber fol-
lowed by three layers of scintillating strips. The calorime-
ter consists of a central calorimeter (CC) covering up to
j�j � 1:1, and two end caps (EC) extending coverage to
j�j � 4:2. Each consists of an inner electromagnetic (EM)
section, followed by a hadronic section. The EM calorime-
ter has four longitudinal layers and transverse segmenta-
tion of 0:1� 0:1 in ��� space, 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.
The coverage of the muon system is j�j< 2. The data
acquisition system consists of a three-level trigger, de-
signed to accommodate the high instantaneous luminosity.
For final states containing an electron with pT > 30 GeV,
the trigger efficiency is close to 100%.

To simulate signal kinematics in the D0 detector, parton
level signal events are generated using the COMPHEP [8]
leading order Monte Carlo generator and then processed
through PYTHIA [9] to include parton showering, hadroni-
zation, and particle decays. SM background processes are

generated with PYTHIA, except for the W þ jets inclusive
samples, which are generated with ALPGEN [10] and
PYTHIA for parton showering. All signal and background

simulations use the CTEQ6L1 [11] parametrization of the
parton distribution functions.
We use next-to-next-to-leading order (NNLO) cross

sections for Drell-Yan Z=�� ! ‘‘ (‘ ¼ e, �, �) processes
[12] and NLO cross sections for diboson [13], t�t [14], and
W þ jets production [15]. All signal and background
events are processed with a detailed GEANT-based D0
detector simulation [16] and are corrected for trigger ef-
fects and for the differences in the reconstruction efficien-
cies in the simulation compared to those in data.
Electrons are selected by requiring an EM cluster in the

CC or in either EC with transverse energy ET > 30 GeV

within a cone of radiusR ¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffið��Þ2 þ ð��Þ2p ¼ 0:2. The
EM cluster in the CC must be in the range j�j< 1:1 and in
the EC in the range 1:5< j�j< 3:2. At least 97% of the
cluster energy must be deposited in the EM section of the
calorimeter and the energy must be isolated in the calo-
rimeter, ½Etotð0:4Þ � EEMð0:2Þ�=EEMð0:2Þ< 0:07, where
EtotðRÞ and EEMðRÞ are the total energy and the energy
in the EM section, respectively, within a cone of radius R
around the electron direction. A track must point to the EM
cluster for all electron candidates. A multivariable like-
lihood discriminant, which includes information from the
spatial track match, must be consistent with that for an
electron in the CC. An NN is trained using information
from the tracker, the calorimeter, and the CPS to further
reject background from jets misidentified as electrons. The
electron must also be spatially separated from recon-
structed muons.
For the muon candidate, we require that the associated

central track pT exceeds 25 GeV and that the time mea-
sured for hits in the muon scintillation counters is consis-
tent with an interaction originating from a p �p collision.
The central track fit must have �2=ndf < 4 and the distance
of closest approach (dca) of the track to the beam spot in
the plane transverse to the beam direction should be less
than 0.02 cm if the track has SMT hits and less than 0.2 cm
otherwise. The sum of the transverse energy of calorimeter
cells in the annulus 0:1<R< 0:4 around the muon di-
rection must be less than 2.5 GeV, and the sum of the
transverse momentum of all tracks besides the muon track
within R ¼ 0:5 must be less than 2.5 GeV.
Events are required to have exactly one high pT isolated

electron candidate and one high pT isolated muon candi-
date. There is no requirement on the charge of the two
leptons. Furthermore, events are only considered if the
primary vertex is reconstructed within 60 cm of the center
of the D0 detector in the z coordinate along the beam axis
and if the difference between the z coordinates of the muon
and the electron at the dca is less than 2 cm. Background
from Z=�� ! �� decays is heavily suppressed by the
high pT requirement for the two leptons. To reduce the
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background from t�t production, events are rejected if
they have at least one jet with pT > 25 GeV in the range
j�j< 2:5, where jets are reconstructed using an iterative
seed-based cone algorithm [17]. Figure 1(a) shows the
missing transverse energy (ET) distribution and Fig. 1(b)
the distribution of azimuthal angles between the ET and the
muon direction,��ðET;�Þ, for events with ET > 20 GeV.
Good agreement between data and the total SM predictions
is observed. Signal events have low ET , but due to the
limited muon momentum resolution, some ET is expected
in e� signal events that is either pointing in the muon
direction or opposite to it. This is observed in Fig. 1(b) for
signal events and for the topologically similar Drell-Yan
process. Events with ET > 20 GeV are therefore rejected
only if 0:7<��ðET;�Þ< 2:3.

The resulting distribution of the electron and muon
invariant mass Me� and the azimuthal angle ��ðe;�Þ
between the electron and muon direction are shown in
Fig. 2. The kinematic variables of the e� final state are
well described by the sum of the SM background contri-
butions. The background contributions and the number of
selected candidates are summarized in Table I. About 80%
of the Drell-Yan background is due to Z=�� ! �� events.

There are 414 candidate events found in the data. The
expectation from SM processes is 410� 38 events, where
the uncertainty includes the statistical uncertainty of the
MC, the systematic uncertainties from the integrated lumi-
nosity (6.1%), reconstruction and trigger efficiencies
(0.5%), which are all taken to be fully correlated between
the background sources, and the uncertainties on the cross
sections (Z=�� ! ‘‘ 3.5%, t�t 14.8%, diboson produc-
tion 2.7%–6.6%, and W þ jets 8.5%). Additional PDF
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FIG. 1 (color online). Distributions of (a) ET and
(b) ��ðET;�Þ between the direction of the ET and the muon
for ET > 20 GeV. The signal simulation is shown for M~��

¼
100 GeV (400 GeV) and 	� BR ¼ 40 fb (12.5 fb).

TABLE I. The numbers of selected events in data and esti-
mated background contributions for an integrated luminosity of
5:3 fb�1 with their total uncertainties.

Process Number of events

Drell-Yan (Z=��) 254� 26
Diboson (WW, WZ, ZZ) 116� 12
t�t 5:8� 1:0
W þ jets 34:1� 5:9
Total background 410� 38
Data 414
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FIG. 2 (color online). Distributions of (a) Me� and
(b) ��ðe;�Þ for data compared to the sum of all background
processes after the final event selection, rejecting, in addition,
events with ET > 20 GeV and 0:7<��ðET;�Þ< 2:3. The
signal simulation is shown for M~��

¼ 100 GeV (400 GeV) and

	� BR ¼ 40 fb (12.5 fb).
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uncertainties on the signal acceptance are estimated from
the CTEQ6.1M eigenvector PDF sets and lie in the range
0.4%–0.6%, depending on M~��

.

The Me� distribution is used to calculate an upper limit

on the production cross section multiplied by the branching
ratio, 	� BR, for the process p �p ! ~�� þ X ! e�þ X
with a modified frequentist (CLs) method [18], under the
assumption that the total width of the produced resonance
is much narrower than the detector resolution. The ob-
served cross section upper limits as a function of the M~��

hypothesis are shown in Fig. 3, together with the median
expected limits.

These limits are translated into upper limits on couplings
as a function of M~�� using the theoretical signal cross

section [3]. A mass dependent K-factor, ranging from
1.64 at M~��

¼ 100 GeV to 1.29 at M~��
¼ 500 GeV, is

applied to the cross section to include next-to-leading order
(NLO) QCD corrections [19]. The limits are obtained by
fixing one of the coupling constants and then setting the

upper limit on the other for different M~��
. In Fig. 4, the

observed upper limits on �0
311 for four assumed values of

�312 are shown. For M~��
¼ 100 GeV and �312 � 0:07,

couplings �0
311 > 7:7� 10�4 are excluded at the 95% C.L.

In summary, we have searched for a high-mass, narrow
e� resonance in D0 data corresponding to an integrated
luminosity of 5:3 fb�1. A total of 414 e� events is selected
in data, in agreement with the predicted number of SM
events, 410� 38. The kinematic distributions are well
described by the SM predictions. The upper limits on the
production cross section for such a resonance are about a
factor of 5 lower than for our previous result [5] and about
a factor 6 lower forM~��

¼ 500 GeV compared to a search

performed in the e� channel by the CDF Collaboration
with 1 fb�1 of integrated luminosity [4]. We have also
derived limits on the parameters of a SUSY model that
predicts a sneutrino resonance decaying into e� via R
parity violating production and decay of sneutrinos.
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