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We consider the ATLAS and CMS searches for dijet resonances, as well as the ATLAS search for

like-sign dimuon pairs at the LHC with 7 TeV center-of-mass energy. We interpret their exclusions in

terms of bounds on the supersymmetric R-parity–violating parameter space. For this we focus on resonant

slepton production followed by the corresponding decay.

DOI: 10.1103/PhysRevD.86.055010 PACS numbers: 12.60.Jv

I. INTRODUCTION

After initial problems [1], the LHC has been running
very well since November 2009. One of the main physics
objectives is to search for new physics beyond the standard
model of particle physics (SM), in particular also super-
symmetry (SUSY) [2]. The CMS and ATLAS experiments
have so far mainly concentrated on R-parity–conserving
supersymmetry searches [3], where the lightest supersym-
metric particle (LSP) is stable as well as electrically and
color neutral. The corresponding searches thus employ strict
cuts on the missing transverse energy, 6ET [4,5]. To date, no
disagreement with the SM has been found, resulting in strict
lower mass bounds on the new supersymmetric particles in
the simplest supersymmetric models; see also [6].

R-parity violation is theoretically equally well motivated
[7–11] to the R-parity–conserving case. It has the same
particle content and the same number of imposed symme-
tries. In particular it automatically includes light neutrinos
[12–14], without adding a new seesaw energy scale
or right-handed neutrinos [15,16]. If R parity is replaced
by baryon triality [9,17–19], the superpotential must be
extended by

WB3
¼ �ijkLiLj

�Ek þ �0
ijkLiQj

�Dk þ �iLiHu; (1)

where we have used the notation as in [8]. These operators
all violate lepton number. At a hadron collider the terms
�0
ijkLiQj

�Dk can lead to resonant slepton and sneutrino

production [20]

�d j þ dk ! ~�Li; (2)

�u j þ dk ! ~‘�Li; (3)

as well as the charge conjugate processes. This is our focus
here, as opposed to squark and gluino pair production. The
sleptons can decay via R-parity–violating operators:

~� i !
�
‘þj ‘�k ; LiLj

�Ek; ðaÞ
dj �dk; LiQj

�Dk; ðbÞ (4)

~‘�
i !

�
��j‘

�
k ; LiLj

�Ek; ðaÞ
�ujdk; LiQj

�Dk: ðbÞ (5)

The sleptons can also decay to neutralinos and charginos:

~�i !
(
�i�

0
j ; ðaÞ

‘�i �þ
j ; ðbÞ (6)

~‘�i !
(
‘�i �0

j ; ðaÞ
�i�

�
j : ðbÞ (7)

It is the purpose of this paper to investigate resonant
slepton production at the LHC via an operator LQ �D. We
first consider the decays via the same operator, resulting in
resonant dijet production. We go beyond previous work by
comparing with the ATLAS [21] and CMS [22] data, and
thus setting relevant bounds on the underlying R-parity–
violating supersymmetric model.
We then consider the decay of the slepton to a neutra-

lino. As we show below, this can lead to like-sign dileptons
in the final state, due to the Majorana nature of the neu-
tralinos. We then focus on the case of muons and compare
to the ATLAS like-sign dimuon search [23].
The phenomenology of resonant slepton production was

first studied in [20,24,25]. A detailed discussion focusing
on the supersymmetric gauge decays resulting in a like-
sign dilepton signature was presented in [26–29]. Specific
benchmark points were investigated in [30]. A trilepton
signature via the chargino mode in Eq. (6) was discussed in
[31,32]. Since then, various aspects have been investigated.
Single (squark and) slepton production leading to single
top quark production was discussed in [33,34]. Resonant
slepton production with a fourth family was discussed in
[35], with an ultralight gravitino in [36]. All but the latter
assumed a neutralino LSP. Resonant slepton production
was also considered in the context of a ~�-LSP in Ref. [37].
Resonant squark and slepton production were suggested as
an explanation of the CDF Wjj anomaly in Ref. [38].
Resonant slepton production has been directly searched

for at the Tevatron by the D0 [39–41] and CDF experi-
ments [42–45], setting bounds on the relevant parameters.
D0 [39,40] focused on the resonant production and decay
of smuons ( ~�) and muon-sneutrinos (~��) via �0

211. The
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results were presented as upper limits on �0
211 in the (~�

0
1, ~�)

mass plane within the minimal supergravity/constrained
minimal supersymmetric standard model (CMSSM)
[46–49] framework. The limits are roughly �0

211<0:04ð0:2Þ
for smuon masses m ~� & 200–300ð550Þ GeV. As we will

see, our study of the LHC data greatly improves these limits.
CDF [50] and D0 [51] also searched for R-parity

violation, assuming the (R-parity–conserving) pair produc-
tion of neutralinos and/or charginos. Furthermore, CDF
investigated R-parity violation in stop pair production
[52]. Implications on R-parity–violating models from
R-parity–conserving SUSY searches at the Tevatron have
been studied in [53–55].

The LQ �D operator could also lead to resonant squark
production at HERA [56]. This has been searched for by
both H1 [57] and ZEUS [58]. They obtain limits in terms of
a squark mass. For example, for a R-parity–violating cou-
pling of electromagnetic strength, �0

11k ¼ 0:3ðk 2 f1; 2gÞ,
the mass bound on the corresponding right-handed down-
type squark is m~dk

* 280 GeV [57].

There are also a few dedicated searches for R-parity
violation at the LHC. The ATLAS Collaboration has
searched for resonant tau sneutrino (~��) production fol-
lowed by the R-parity–violating decay to an e� final state;
cf. Eq. (4)(a) [59]. Furthermore, a search for displaced
vertices arising from R-parity–violating decays of a long-
lived neutralino has been performed by ATLAS [60]. The
CMS Collaboration has considered hadronic supersym-
metric pair production followed by cascade decays to a
neutralino. The neutralino then decays to a purely leptonic
final state [61,62]. The ATLAS Collaboration has further-
more interpreted a generic search in terms of bounds on a
bilinear R-parity–violating model [63]. These are models
where �ijk; �

0
ijk ¼ 0 and �i � 0; cf. Eq. (1). In general, at

any given energy scale, �i can be rotated to zero [12,64],
and we prefer to work in this basis.

The combined mass limits from LEP, assuming the
R-parity–violating decay of pair-produced gauginos or
sleptons via LQ �D couplings, are m~�0

1
� 39 GeV, m~��

1
�

103 GeV, m~��;�
� 78 GeV and m ~� � 90 GeV [65,66].

Note, however, that the gaugino mass limits are formally
only valid in the supersymmetric parameter region inves-
tigated by LEP, i.e. for a ratio of the Higgs vacuum expec-
tation values of 1 � tan� � 35, a universal soft-breaking
scalar mass parameter m0 � 500 GeV, a Higgs mixing
parameter j�j � 200 GeV, a SUð2Þ gaugino mass parame-
ter M2 � 500 GeV and an R-parity–violating coupling
larger than 10�4.

Upper bounds on single LQ �D couplings from flavor
physics and/or from atomic parity violation have been
derived and summarized in [7,66–69]. These bounds usu-
ally scale with the up- or down-type squark mass and thus
basically do not constrain R-parity–violating effects in the
case where the squarks are decoupled from the low energy
spectrum, which is the case in our analyses.

II. RESONANT SLEPTONS AT THE LHC

A. Production process

We consider the single production of a slepton at the
LHC [Eqs. (2) and (3)]. Note that only the SUð2Þ doublet
left-handed component of the slepton field couples to this
operator.We assume the singly produced slepton to be purely
left-handed. We therefore omit the subscript L in the follow-
ing. The case of non-negligible mixing of the weak eigen-
states—as usually relevant for the third-generation slepton,
the stau—will be briefly discussed below.
For resonant production, the next-to-leading order

(NLO) calculations, including QCD and supersymmetric
QCDcorrections, have been performed in Refs. [30,70–72].
They increase the LO cross section at the 14 TeV LHC by a
K factor of up to 1.35 for slepton masses less then 2 TeV,
while reducing the uncertainty from the renormalization
and factorization scale dependence1 to less than 5% [30].
Further, the authors of Ref. [30] have shown that the depen-
dence on the parton density function (PDF) parametrization
is less than 5% by comparing the cross sections obtained by
the CTEQ6M [73] and the MRST04 [74,75] fits. We do not
expect these uncertainties to change dramatically for the
LHC at a center-of-mass energy of

ffiffiffi
s

p ¼ 7 TeV and there-
fore adopt these numbers for this study.

The single slepton (~�ð�Þ þ ~‘�) production cross section at
the 7 TeV LHC, including NLO QCD corrections (as
employed here), is shown in Fig. 1, as a function of the
joint sleptonmass, ~m.We used the CTEQ6M [73] PDFs and
set the renormalization and factorization scale equal to the
slepton mass, �R ¼ �F ¼ ~m. The red bands in Fig. 1 in-
dicate the total theoretical uncertainty of 7%, including both
scale uncertainties and PDF parametrization, which are
added in quadrature.
In Fig. 1 we present the cross sections �ð�0; ~mÞ for the

R-parity–violating couplings �0
ijk ¼ 0:01 which couple to

the first- and second-generation quarks (j, k 2 f1; 2g). The
highest cross section is obtained for �0

i11 since it involves

valence quarks in all cases. The rate for second-generation
quarks is suppressed, due to the lower parton luminosity of
the sea quarks.�ð�0

i12Þ is slightly larger than�ð�0
i21Þ due to

the large u quark flux.
Exemplary event rates are shown in Table I for 1 fb�1 of

LHC data at 7 TeV. Here �0 ¼ 0:01; the cross section scales
with ð�0Þ2. We further list the number of singly produced
~‘þ, ~‘� and ~�þ ~�� separately. For instance, for a slepton
mass ~m ¼ 500 GeV and an R-parity–violating coupling
�0
i11 ¼ 0:01ð0:005Þ, we expect in total 80.8(20.2) signal

events, of which the production of a charged slepton com-

prises 58%. The ~‘þ rate differs from the ~‘� rate, since they

1We checked this by varying the factorization scale, �F, and
renormalization scale, �R, over the range ~m=2 � �F, �R � 2 ~m
for the 7 TeV cross section estimate. The deviations from the
value obtained at �R ¼ �F ¼ ~m are less than 3%.
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involve different parton fluxes. In the case of single stau
production, where the right-handed component of the
lightest stau, ~�1, cannot be neglected, the cross section is
suppressed by cos2	~�, where 	~� is the stau mixing angle.

Although SUSY-QCD corrections can be large in
specific regions of the supersymmetric parameter space
[30], we do not include them in order to stay as model-
independent as possible. Next-to-NLO QCD corrections
[76] increase the LHC cross section by 3.4%–4% com-
pared to the NLO result. We do not include the gluon-gluon
fusion production process for sneutrinos, which is only
relevant for �0

i33 [72].

B. Slepton decay and signatures

We consider three possible decays of the sleptons. We
first analyze theR-parity–violating decay to two jets via the
production operator; cf. Eqs. (4)(b) and (5)(b). The signa-
ture is a narrow dijet resonance.We then consider the decay
via a neutralino or a chargino; cf. Eqs. (6) and (7). This can
lead to a like-sign dilepton final state signature. For both
analyses, we shall compare our results directly with the
relevant ATLAS [21,23] and CMS [22] data.
Since we cannot perform a detailed analysis while scan-

ning over the entire supersymmetric parameter space, we
restrict ourselves to three specific (simplified) lightest
neutralino scenarios:
[S1] bino-like ~�0

1.—The wino mass M2 and the Higgs

mixing parameter � are much larger than the bino and the
slepton mass (M2, � � M1, ~m). ~�0

1 therefore has a large

bino component. The masses of ~�0
2;3;4, and ~��

1;2, are much

larger than m~�0
1
, and ~m.

[S2] wino-like ~�0
1: M1, � � M2, ~m.—Here, ~�0

1 has a

large wino component, and it is nearly mass degenerate
with the (wino-like) ~��

1 . ~�
0
2;3;4 and ~��

2 are again decoupled

from the relevant mass spectrum.
[S3] Higgsino-like ~�0

1:M1,M2 � �, ~m.—Here, ~�0
1;2 and

~��
1 are nearly mass degenerate and have a large Higgsino

component. Hence, gauge interactions of these sparticles are
suppressed. The heavier neutralinos, ~�0

3;4, and the heavy

chargino, ~��
2 , are decoupled from the relevantmass spectrum.

Note that all model parameters in this study are defined
at the weak scale.
Within the framework of the CMSSM, the lightest neu-

tralino is typically dominated by its bino component. Thus,
our first simplified scenario S1 can be seen as a good
approximation to wide regions of the CMSSM, where the
resonantly produced slepton is lighter than the wino-like
~�0
2 and ~��

1 . In contrast, in anomaly-mediated SUSY break-

ing scenarios [77–80], the lightest neutralino is rather
wino-like. For these scenarios our simplified model S2
can be considered an approximation. Note that this dis-
cussion neglects the influence of the Higgs mixing parame-
ter�. In the case of a very small value of� the ~�0

1 becomes

Higgsino-like and thus the scenario takes on the properties
of our simplified model S3. See also [81].
The resonant dijet processes via the operator �0

ijk

[Eqs. (2) and (3)] and the decays [Eqs. (4) and (5)]
are depicted in Fig. 2. At tree level, the decay width is

�ð~‘�i ! �ujdkÞ � 75 MeV, for ~m ¼ 500 GeV and �0 ¼
0:05 [28]. At hadron colliders, this process leads to a very
narrow resonance in the invariant mass spectrum of the
dijet system. However, due to the large QCD background
at the LHC, it will only be visible for large slepton
masses ~m * 1 TeV and reasonably large R-parity–violating
couplings �0 * Oð10�2Þ.
If the slepton or sneutrino is the LSP, the dijet channel is

the only kinematically allowed decay mode. For a ~�0
1 LSP,

TABLE I. Number of single slepton events for an integrated
luminosity of 1 fb�1 at

ffiffiffi
s

p ¼ 7 TeV using the QCD NLO cross
section. The first column shows the relevant LiQj

�Dk coupling.

The second column gives the slepton mass, ~m. The third, fourth
and fifth columns contain the number of ~‘þ, ~‘� and ~�þ ~��
events. The last column shows the sum.

�0
ijk ~m [GeV] ~‘þ ~‘� ~�þ ~�� Total

250 365 194 428 987

�0
i11 ¼ 0:01 500 32.6 14.4 33.8 80.8

800 4.9 1.8 4.5 11.2

250 275 47.8 309 632

�0
i12 ¼ 0:01 500 21.8 2.3 21.7 45.8

800 2.9 0.2 2.6 5.7

250 40.2 122 211 373

�0
i21 ¼ 0:01 500 1.8 7.6 13.7 23.1

800 0.1 0.8 1.6 2.5

250 25.0 25.0 71.5 122

�0
i22 ¼ 0:01 500 1.1 1.1 3.3 5.5

800 0.06 0.06 0.3 0.42

FIG. 1 (color online). Single slepton production cross section
including QCD NLO corrections at the LHC for

ffiffiffi
s

p ¼ 7 TeV as
a function of the slepton mass, m~‘, for ð�0

i11; �
0
i12; �

0
i21; �

0
i22Þ ¼

0:01. The CTEQ6M PDFs have been used, and renormalization
and factorization scales have been identified with the slepton
mass m~‘. The red bands correspond to an estimated 7% system-

atic uncertainty, including PDF and renormalization/factoriza-
tion scale uncertainties.
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the slepton decay to dijets is competing with the R-parity–

conserving decay ð~‘=~�Þ ! ð‘=�Þ þ ~�0
1 and possibly other

decays to lighter sparticles; cf. Eqs. (6) and (7). A typical
value for the kinematically unsuppressed (m~�0

1
� ~m)

decay width is �ð~‘ ! ‘~�0
i Þ � 1 GeV, for ~m ¼ 500 GeV

[82,83]. This broadens the dijet resonance and reduces the
dijet branching ratio. The exact branching ratios depend on
the R-parity–violating coupling strength �0, the composi-
tion of the light gauginos and the details of the mass
spectrum. The gauge decays are basically absent in S3
for the first- and second-generation sleptons, but can be
relevant for a scalar tau.

If �0
1 is the LSP, it decays via the operator LiQj

�Dk as

�0
1 !

(
‘�i uj �dk
�idj �dk

þ c:c: (8)

The complex conjugate decays are equally likely, due to
the Majorana nature of the neutralino. The neutrino and
charged lepton decay modes can have different branching
ratios depending on the admixture of the lightest neutra-
lino. The decay �0

1 ! �i
 for LiQj
�Dk is only possible for

j ¼ k [12] but is typically highly suppressed and not
relevant for collider signatures [84].

Within the framework of the three decoupled scenarios
S1-S3, only the process

�u jdk ! ~‘� ! ‘� ~�0
1!
�0
‘�uj �dk (9)

(and its charged conjugate) can lead to a like-sign dilepton
signature. One diagram contributing to this process is also
illustrated in Fig. 3. The sneutrino production

dj �dk ! ~�� ! ‘þ ~��
1 (10)

followed by the decay of the chargino ~��
1 ! ‘�i �djdk (via

LiQj
�Dk) leads to an opposite-sign dilepton signature. The

cascade decay of the chargino via the neutralino

dj �dk ! ~�� ! ‘þ ~��
1 ! W� ~�0

1!
�0
‘þ �ujdk (11)

in the wino-like scenario is kinematically suppressed since
~��
1 and ~�0

1 are nearly mass degenerate.

In S3, ~�0
1 can be replaced by ~�0

2 in Eq. (9). The ~�0
1 and

~�0
2 have similar couplings due to their large Higgsino

components and are again nearly mass degenerate. Thus,

this process contributes with a similar rate to the like-sign
dilepton signature as the process in Eq. (9). In addition, the
rate is enhanced by roughly a factor of 2 compared to the
bino- and wino-like ~�0

1 scenarios because the neutral decay

~�0
1;2 ! �idj �dk in Eq. (8) is suppressed for a Higgsino ~�0

1;2.

In Figs. 4 and 5, we show the dependence of the charged
slepton branching ratios corresponding to the decays
[Eqs. (5)(b) and (7)] on the lightest neutralino mass, m~�0

1
,

and coupling strength, �0, respectively. In both figures we
chose a slepton mass of ~m ¼ 500 GeV. In Fig. 4, the
R-parity–violating coupling strength is set to �0 ¼ 0:05.
In Fig. 5, we fixed the lightest neutralino mass to 250 GeV.
As m~�0

1
increases,2 the phase space in the gauge decays

of the slepton [Eq. (7)] decreases and leads to a suppression
of the R-parity–conserving decays [Eq. (5)(b)]. For m~�0

1
�

500 GeV, the slepton becomes the LSP and only the dijet
decay channel remains accessible. Note that there are
extensive regions in R-parity–violating CMSSM parameter
space where the slepton is indeed the LSP [37,55,85–87].
For the bino- and wino-like ~�0

1 scenarios (the left

and middle panels in Figs. 4 and 5, respectively), we

show the branching ratios Bð~‘þ ! u �dÞ, Bð~‘ ! ‘~�0
1Þ and

Bð~‘þ ! ��~�þ
1 Þ, where the charged slepton is the left-handed

slepton of any of the three generations, ~‘ ¼ ~eL; ~�L; ~�L.
In S1, the only kinematically allowed slepton decays are

~‘þ ! u �d and ~‘ ! ‘~�0
1. Recall thatM2 is very large and thus

the lightest chargino is heavy. S1 can be viewed as the best-
case scenario for the like-sign dilepton signature because the
gauge decay of the charged slepton leads in roughly 25% of
the cases to the like-sign dilepton signature. The decay
~‘ ! ‘~�0

1 dominates for �0 & 0:05ð0:1Þ given a sufficiently

large phase space of ~m�m~�0
1
* 100ð250Þ GeV.

In thewino-like ~�0
1 scenario,we have the three competing

decays ~‘þ ! u �d, ~‘ ! ‘~�0
1 and ~‘þ ! ��~�þ

1 . The slepton

FIG. 2. Resonant production of a charged slepton, ~‘�i , (left)
and a sneutrino, ~�i, (right), followed by the direct decay into two
quarks via the R-parity–violating coupling �0

ijk. This process

leads to a narrow dijet resonance.
FIG. 3. Resonant production of a charged slepton, ~‘i, with
successive decay into the lightest neutralino, ~�0

1, and a charged

lepton, ‘i. The subsequent decay of the ~�0
1 can lead to another

lepton of the same charge due to the Majorana nature of the
neutralino. Thus, this process gives rise to a like-sign dilepton
signature.

2Computationally, we increase M1, M2 or � in the bino-,
wino- or Higgsino-like ~�0

1 scenario, respectively, while setting
the decoupled mass parameters to 5 TeV.
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decays twice as often to the chargino as to the neutralino,

Bð~‘þ ! ��~�þ
1 Þ � 2Bð~‘ ! ‘~�0

1Þ. The gauge decays of the

charged slepton therefore yield a like-sign dilepton signa-
ture only around 1=12 of the time. The gauge decays
dominate for�0 & 0:05ð0:35Þ for amass difference ofm~‘ �
m~�0

1
* 50ð250Þ GeV. They are slightly stronger than in the

bino-like ~�0
1 case due to the larger gauge coupling.

In the Higgsino-like ~�0
1 scenario (the right panel in

Figs. 4 and 5), we only give the branching ratios of the
(left-handed)3 third-generation slepton, ~�L, because of the

non-negligible Higgs Yukawa couplings. The gauge decays
of the first- and second-generation sleptons are negligible.
These thus only decay to dijets.
We therefore discuss the Higgsino-like ~�0

1 scenario only

for a left-handed ~�1. For this, we set the ratio of the Higgs
vacuum expectation values, tan� ¼ 10, which influences
the � Yukawa coupling. The branching ratiosBð~�!�~�0

1;2Þ
are roughly equal. The gauge decays of the stau yield
a like-sign tau pair 50% of the time. However, they domi-
nate the slepton decay modes only for a coupling �0 &
0:01ð0:04Þ for a given mass difference of m~‘ �m~�0

1
*

50ð250Þ GeV.
In the case of the lightest stau, ~�1, having a non-

negligible right-handed component, the branching ratios
get more complicated. The right-handed component does

FIG. 5. �0 dependence of the branching ratios of the slepton decay modes in the bino-like (left panel), wino-like (middle) and
Higgsino-like (right) ~�0

1 scenarios. We chose a slepton mass of ~m ¼ 500 GeV and a lightest neutralino mass of m~�0
1
¼ 250 GeV. The

decays are obtained with ISAJET7.64 [88]. As in Fig. 4, the (purely left-handed) slepton can be ~‘ ¼ ~eL, ~�L, ~�L in the bino- and wino-like
~�0
1 scenario, while in the Higgsino-like ~�0

1 scenario we only show the decays of a (purely left-handed) ~�L. We set tan� ¼ 10.

FIG. 4. Neutralino mass dependence of the branching ratios of the slepton decay modes in the bino-like (left), wino-like (middle) and
Higgsino-like (right) ~�0

1 scenarios. We chose a coupling strength of �0 ¼ 0:05. The slepton mass is set to ~m ¼ 500 GeV. The decays
are calculated with ISAJET7.64 [88]. In the bino- and wino-like ~�0

1 scenarios, the (purely left-handed) slepton can be ~‘ ¼ ~eL, ~�L, ~�L,
while in the Higgsino-like ~�0

1 scenario we only show the decays of a (purely left-handed) ~�L. We set tan� ¼ 10.

3Here, we decoupled the soft-breaking right-handed stau mass
parameter, ðm~EÞ33 ¼ 5 TeV, which leads to the lightest stau
being purely left-handed.
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not couple to the R-parity–violating operator but, via
Yukawa interactions, to the chargino, leading to the decay
~�þR ! ��� ~�

þ
1 . Therefore, with increasing right-handedness

of the ~�1, on the one hand the R-parity–violating decay
mode to two jets gets suppressed, while on the other hand
the additional decay mode to the chargino decreases the
(like-sign) dilepton rate. Recall that the production is also
suppressed for a right-handed stau.

We do not further consider the Higgsino-like ~�0
1 sce-

nario. However, this analysis and the following results in
Sec. III B show that a search for like-sign tau pairs would
be able to probe resonantly produced tau sleptons with �0

3jk

(j; k ¼ 1; 2) even if the light gauginos, ~�0
1;2 and ~��

1 , are

dominated by their Higgsino component.

III. SEARCHES AT THE LHC

In this section we use both the dijet and the like-sign
dilepton signatures of resonant slepton production to
constrain the R-parity–violating couplings �0

ijk and the

relevant slepton mass. For the calculation of both the
R-parity–conserving and –violating sparticle decays we
use ISAJET7.64 [88] and ISAWIG1.200 [89]. The ISAWIG output
is fed into HERWIG6.510 [90–92] for the MC simulation at
particle level. We simulate the response of the ATLAS and
CMS detector using the general purpose detector simula-
tion package DELPHES1.9 [93]. Jets are reconstructed using
the anti-kT algorithm [94,95]. In the dijet resonance search
in Sec. III A, the distance parameter is set to R ¼ 0:6
(ATLAS) and R ¼ 0:5 (CMS), while we use R ¼ 0:4 for
the ATLAS like-sign dimuon search in Sec. III B. These jet
definitions are in accordance with Refs. [21–23].

A. Search for dijet resonances

Both the ATLAS [21] and the CMS [22] experiments
have searched for resonances in the dijet invariant mass
spectrum using pp collision data corresponding to an
integrated luminosity of 1:0 fb�1 at a center-of-mass
energy of

ffiffiffi
s

p ¼ 7 TeV. The nonobservation of new reso-
nances led the experiments to derive limits for several new
physics models including string resonances, exited quarks,
axigluons and color octet scalar resonances. In the follow-
ing, we use the model-independent limits on a fiducial
signal cross section provided by ATLAS [21] and CMS
[22] to constrain the resonant R-parity–violating produc-
tion of sleptons [Eqs. (2) and (3)] with subsequent decay to
two jets [Eqs. (4)(b) and (5)(b)]. The mass region in the
ATLAS (CMS) search ranges from 0.9 (1) to 4.0 (4.1) TeV.
Therefore, these searches can only constrain the resonant
production of very heavy sleptons. Constraints for lower
slepton masses have been derived from CDF and UA2
searches in [38].

In order to evaluate the acceptance of the analyses, we

simulated 25 000 signal events for the process pp !
~‘i=~�i ! qjqk for each slepton mass, ~m. For the ATLAS

search, we followed closely the prescription given in the
Appendix of Ref. [21]. There, the limits are presented,
assuming a certain width-to-mass ratio of the resonance,
�G=mG. In our study we determined �G=mG with
Gaussian fits of the dijet invariant mass distribution in
the region between 0:8 ~m and 1:2 ~m. It ranges from 8% to
5% for slepton masses from 0.9 GeV to 4 TeV. The accep-
tance A is given by the fraction of events lying in the
region 0:8 ~m to 1:2 ~m (after all other kinematic requirements
are applied) and ranges from 8.1% to 18.6% for slepton
masses from 0.9 to 4 TeV.
Both A and �G=mG are fairly independent of

�0
ijkðj; k 2 f1; 2gÞ for values between 0.001 and 1.0, since

the resonance shape is dominated by the jet smearing of the
detector simulation. Thus, we can easily derive upper
limits on the R-parity–violating coupling squared times

the branching ratio to dijets of the resonant slepton, �02 	
Bð~‘i=~�i ! jjÞ, for a given resonant slepton mass, ~m.
These limits4 are shown in Fig. 6 for the four types of
couplings �0

i11, �
0
i12, �

0
i21 and �0

i22 (i ¼ 1; 2; 3). In the case
of an intermediate third-generation slepton (i ¼ 3), the
limit has to be multiplied by cos2	~� to account for possible
mixing in the stau sector. To be conservative, we reduced
the signal by 7% to take into account the theoretical
uncertainty of the NLO cross section prediction. The sta-
tistical uncertainty of the acceptance estimate is negligible.
The upper bounds on the four investigated R-parity–

violating couplings, as derived from the ATLAS search,
are listed together with A and �G=mG in Table II in
Appendix A. We only show upper limits for values
�0 < 1 (perturbativity). For instance, assuming the decay
to dijets being the only accessible decay mode, we can

FIG. 6. Upper bounds on �02 	Bð~‘i=~�i ! jjÞ derived from
the ATLAS dijet resonance searches with 1 fb�1 of data.

4This analysis assumes that the sneutrino and the charged
slepton resonance are not distinct. This is generally the case as
long as the mass splitting is not too large, i.e. m~‘ �m~� & �G &
10%m~‘.
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derive the upper bounds �0
i11 � 0:07ð0:09Þ and �0

i22 �
0:38ð0:64Þ for a slepton mass ~m ¼ 1000ð1500Þ GeV.

In the CMS search [22], so-called wide jets are con-
structed based on anti-kT jets with distance parameter
R ¼ 0:5. This allows us to distinguish between quark-
quark (qq), quark-gluon (qg) and gluon-gluon (gg) dijet
systems. Here, we employ the 95% C.L. upper limits on
�	A derived for a qq dijet system. These limits only
assume the natural resonance width to be small compared
to the CMS dijet mass resolution.

We adopt the CMS construction of wide jets and apply
the kinematic requirements to the jets. The acceptance is
defined by the fraction of events with dijet invariant mass
mjj > 838 GeV. It ranges from 33.8% to 44.8% for slepton

masses from 1.0 to 4.1 TeV. Again, we take into account a
7% systematic uncertainty on the signal.

In Fig. 7 we present the upper bounds on �02 	
Bð~‘i=~�i ! jjÞ for the same couplings as before, but now
derived from the CMS search. These results are given in
detail in Table III in Appendix A. For a pure dijet decay of

the slepton, Bð~‘i=~�i ! jjÞ � 100%, the upper bounds
obtained are �0

i11 � 0:03ð0:05Þ and �0
i22 � 0:18ð0:37Þ for

a slepton mass ~m ¼ 1000ð1500Þ GeV. Due to the higher
acceptance of the CMS search, these limits are consider-
ably stricter than those obtained from the ATLAS search.

B. Search for prompt like-sign dimuons

We now turn to the discussion of the constraints from the
like-sign dilepton signature. In Ref. [23] ATLAS searched
for anomalous production of prompt like-sign muon pairs,
using data corresponding to an integrated luminosity of
1:6 fb�1 at a center-of-mass energy of

ffiffiffi
s

p ¼ 7 TeV. No
significant excess was observed, and upper limits on the
anomalous production of prompt like-sign muon pairs
were derived. In the following section, we use these results
to constrain the R-parity–violating couplings �0

2jk, j; k 2
f1; 2g, assuming the resonant production of a left-handed

smuon, ~�L via Eq. (3), and its subsequent decay into the
lightest neutralino, ~�0

1, and a muon via Eq. (7)(a). The

neutralino then decays as in Eq. (8) to the lepton with
the same sign charge.
In the ATLAS search [23], the signal region is subdi-

vided into four. The signal yield is defined by the number
of like-sign muon pairs whose invariant mass, m��, is

greater than 25, 100, 200, and 300 GeV, respectively. The
main requirements on the muons are the following: The
transverse momentum of the first (second) muon is larger
then 20(10) GeV. Both muons are in the central region of
the detector with pseudorapidity j�j< 2:5. They are sepa-
rated from jets by �Rð�; jetÞ> 0:4, where jets are defined
by the anti-kt algorithm with a distance parameter of
R ¼ 0:4 and minimal transverse momentum pTðjetÞ>
7 GeV. The muons have to be prompt (originating
from the primary vertex). This translates in our case into
a requirement on the slepton lifetime to be less than
� < 10�14 s. Furthermore, we employ the same cone iso-
lation criteria for the muons as in the ATLAS note [23].
We now discuss the kinematic properties of single slep-

ton production at the LHC with 7 TeV center-of-mass
energy. The slepton is forced to decay into the lightest

neutralino, i.e. we consider the process5 pp ! ~‘�=~�� !
ð�=�Þ~�0

1. In Fig. 8(a) we provide the transverse momen-

tum (pT) distribution of the muons passing the isolation,
pseudorapidity, jet separation and minimal transverse
momentum (pT � 10 GeV) constraints, whereas Fig. 8(b)
gives the invariant mass distribution6 of the like-sign
dimuon pairs after the full event selection (except the final
m�� requirement). We give these distributions for three

example models with different lightest neutralino masses
m~�0

1
¼ ð100; 250; 400Þ GeV, slepton mass ~m ¼ 500 GeV

and a nonzero R-parity–violating coupling �0
2jk.

For large mass splittings between the slepton and the
neutralino, �m ¼ ~m�m~�0

1
, we can identify two distinct

peaks in the muon-pT spectrum. In the first model consid-
ered ( ~m ¼ 500 GeV, m~�0

1
¼ 100 GeV), we have hard

muons with typical pT values around 200–250 GeV.
These muons originate from the slepton decay. In contrast,
the soft muons accumulating at the low end of the distri-
bution stem from the three-body decay of the neutralino
(and the chargino in the wino-like scenario).
For larger neutralino masses (second and third models)

the phase space for the muons from the gaugino decay
increases, leading to the migration of the left peak in the pT

distribution towards higher values. On the other hand, the

FIG. 7. Upper bounds on �02 	Bð~‘i=~�i ! jjÞ derived from
the CMS dijet resonance searches with 1 fb�1 of data.

5We must include the sneutrino production even though it does
not lead to like-sign dileptons. Both production processes are
jointly encoded in HERWIG6.510.

6Both distributions in Fig. 8 are obtained from Monte Carlo
simulation using the bino-like ~�0

1 scenario, normalized to unity
for a bin size of 2 GeV and then smoothened for better
visualization.
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muons from the slepton decay become softer due to the
smaller�m. In the third model considered ( ~m ¼ 500 GeV,
m~�0

1
¼ 400 GeV), the peaks overlap at a pT value of

around 80–90 GeV. For even smaller �m, the muons
from the slepton decay will constitute the low end of the
pT spectrum.

The invariant mass distribution of the like-sign dimuon
pairs shown in Fig. 8(b) exhibits a broad peak of approxi-
mately Gaussian shape. The peak value increases for larger
mass splitting �m.

From this discussion, we can already predict that the
acceptance of the ATLAS like-sign dimuon search will
decrease (i) for small neutralino masses and (ii) in the
small �m region, where the slepton and the neutralino
are close in mass. In both cases, one of the muons is rather
soft due to reduced phase space and thus may not fulfill the
minimum pT requirement. This is especially important for
(i), since the neutralino decays via a three-body decay. On
the other hand, in (ii), the invariant mass m�� tends to be

small, thus reducing in particular the acceptance of the
high m�� signal regions.

The (normalized) distributions in Fig. 8 are to a good
approximation independent of the choice of j, k and the
value of �0

2jk (as long as it is a prompt neutralino decay).

Furthermore, they are independent of whether we have a
bino- or wino-like ~�0

1 scenario.7 However, note that the

absolute number of like-sign dimuon pairs is different for
the scenarios S1 and S2; cf. Sec. II B.

The signal acceptance A of the like-sign prompt
dimuon search is evaluated by simulating the process

pp ! ~‘�=~�� ! ð�=�Þ~�0
1 in HERWIG6.510. We simulated

5000 events for each point in the (m~�0
1
, ~m) mass plane,

where we use step sizes of �~m ¼ 10 GeV and �m~�0
1
¼

20 GeV. For m~�0
1
� 40 GeV (light neutralino) and

m~�0
1
2 f ~m� 40 GeV; ~mg (boundary region), we decrease

the neutralino mass step size to �m~�0
1
¼ 5 GeV since the

acceptance is rapidly changing in these regions. The
acceptance maps of the four signal regions (m�� >

25 ; 100; 200; 300 GeV) are given in Fig. 11 in
Appendix B. For large parts of the ðm~�0

1
; ~mÞ mass plane, the

acceptance A lies between 2% and 7%. However, in the
regionswith lowneutralinomasses,m~�0

1
& ð100–200Þ GeV,

and in the region with small �m ¼ ~m�m~�0
1
, the search

becomes insensitive (A & 2%), as expected from the dis-
cussion above. More details are given in Appendix B.

The branching ratios Bð~‘ ! ‘~�0
1Þ and Bð~� ! �~�0

1Þ
are calculated with ISAJET7.64 in the same grid for
different values of �0 for both the bino- and wino-like
~�0
1 scenarios.

The expected signal rate for a given coupling �0
2jk and

masses ~m, m~�0
1
is calculated by

½�NLOð~‘ ! ‘~�0
1Þ 	Bð~‘ ! ‘~�0

1Þ
þ �NLOð~� ! �~�0

1Þ 	Bð~� ! �~�0
1Þ
 	Að ~m;m~�0

1
Þ;
(12)

where the branching ratios encode the model depen-
dence (on the bino- or wino-like ~�0

1 scenario). The
95% C.L. upper limits on the fiducial cross section for

FIG. 8. Kinematic properties of the single slepton production process pp ! ~‘�=~�� ! �=�~�0
1 via �

0
2jk at the LHC with a center-of-

mass energy of 7 TeV: (a) transverse momentum distribution of the muons passing the object selection (isolation, pT > 10 GeV) of
Ref. [23]; (b) invariant mass distribution of the like-sign dimuon pairs which pass the full event selection. The slepton mass is set to
~m ¼ 500 GeV. We show the shapes for three different neutralino masses, m~�0

1
¼ ð100; 250; 500Þ GeV.

7In the case of a Higgsino-like ~�0
1, one of the peaks in the

lepton-pT spectrum would be more pronounced since we get
twice as many leptons from the neutralino decays compared to
the bino- and wino-like ~�0

1 scenarios.
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like-sign dimuon production provided by ATLAS are
170.24, 15.68, 4.76, and 2.8 fb for the signal regions
m�� > 25, 100, 200, and 300 GeV, respectively [23].

If the signal rate, Eq. (12), exceeds the limit in at least
one of the signal regions, we consider the model to be
excluded.

We estimate the total uncertainty of the theory predic-
tion to be 10%, taking into account a 5% systematic
uncertainty for the parton density functions, 3% from
factorization and renormalization scale uncertainties of
the NLO cross section [30], and an averaged statistical
uncertainty of the acceptance estimate.8 In order to be
conservative, we reduce our signal estimate by the 10%
uncertainty in the limit setting procedure.

We present the upper limits9 on the four investigated
R-parity–violating couplings �0

2jkðj; k 2 f1; 2gÞ within the

bino-like ~�0
1 scenario (S1) in Fig. 9. They are presented as

contours in the (m~�0
1
, ~m) mass plane. The green striped

region indicates the LEP lower mass limit on the lightest
neutralino, m~�0

1
� 39 GeV [65,66]. Note that this limit

(and the limit on the chargino mass) is parameter depen-
dent; cf. Sec. I.
The derived upper bounds on �0 range from 0.001 (dark)

to 0.0065 (bright) and are displayed in steps of 0.0005 in
gray scale. Since the single slepton production cross sec-
tion decreases with the slepton mass, the bounds become

FIG. 9 (color online). Upper bounds on �0
2jkðj; k 2 f1; 2gÞ in the (m~�0

1
, ~m) mass plane in the bino-like ~�0

1 scenario, derived from the
ATLAS prompt like-sign dimuon search. The contour levels are given in steps of 0.0005. The green striped region is excluded due to
the lower mass bound from LEP on the lightest neutralino, m~�0

1
� 39 GeV [65,66].

8With 5000 simulated events, the relative statistical uncer-
tainty on a typical value of the acceptance A ¼ 1%ð7%Þ is
�A ¼ 14%ð5%Þ.

9Due to our rather simple treatment of the systematic uncer-
tainties of the signal, we cannot claim our upper limits to be
exactly at 95% C.L. In fact, due to the conservative approach of
subtracting the systematic uncertainty from the signal yield, we
expect our upper limit to be ‘‘at 95% C.L. or more.’’
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weaker for heavier smuons. Also, due to the insensitivity of
the like-sign dimuon search in the regions of low neutra-
lino mass and low �m ¼ ~m�m~�0

1
, we cannot obtain

upper bounds on �0 in these regions.
The most stringent limits are obtained for the coupling

�0
211 due to the larger cross section; cf. Fig. 1. For a

roughly elliptic region with m~�0
1
� ~m� 100 GeV and

~m� ð150–300Þ GeV, we obtain �0
211 � 0:001. Even for

large smuon masses of & Oð1 TeVÞ, we can still derive
bounds down to �0

211 & 0:0045. The other couplings are

less constrained due to the smaller cross section; cf.
Sec. II A. The weakest bounds are therefore set on �0

222,
ranging from 0.002 for ðm~�0

1
; ~mÞ � ð100; 200Þ GeV to

0.0065 for smuon masses ~m & 550 GeV.
We now turn to the discussion of the results in the wino-

like ~�0
1 scenario (S2) shown in Fig. 10. The LEP lower

mass limit on the chargino, m~��
1
� 103 GeV [65,66], is

indicated by the green striped region. As discussed in

Sec. II B, we expect like-sign dimuon events to result

from the charged slepton gauge decays only 1=12 of the

time. Thus, the upper limits on the R-parity–violating
coupling �0 are weaker. For instance, for light smuon and

neutralino masses, ðm~�0
1
; ~mÞ ¼ ð100; 200Þ GeV, the upper

bounds obtained in the wino-like ~�0
1 scenario are �0

211,

�0
212 � 0:0015, �0

221 � 0:002 and �0
222 � 0:0035.

The bino-like and wino-like ~�0
1 limits can be interpreted

as the best-case and worst-case scenarios, respectively, for
the like-sign dilepton signature. These new limits improve
current limits from the Tevatron [39,40] on �0

211 by a factor

Oð40Þ or more.
We do not consider a Higgsino-like lightest neutralino

(S3). As discussed in Sec. II B, the slepton decay to
the Higgsino-like ~�0

1, ~�0
2 and ~��

1 is highly suppressed

due to the small Yukawa coupling, and the competing

FIG. 10 (color online). Upper bounds on �0
2jkðj; k 2 f1; 2gÞ in the (m~�0

1
, ~m) mass plane in the wino-like ~�0

1 scenario, derived from the
ATLAS prompt like-sign dimuon search. The contour levels are given in steps of 0.0005. The green shaded region is excluded due to
the lower mass bound from LEP on the lightest chargino, m~��

1
� 103 GeV [65,66], which is nearly mass degenerate with the lightest

neutralino in these scenarios.
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R-parity–violating decay ~� ! jj would dominate, leading
to an overall suppression of the like-sign dimuon signature.
However, we want to remark that exploring the Higgsino-
like ~�0

1 scenario with R-parity–violating couplings �
0
3jk and

a resonantly produced (left-handed) ~�1 would be feasible
with a like-sign ditau search.

IV. CONCLUSIONS

We have investigated the impact of LHC data on the
resonant production of single sleptons in R-parity–
violating models. We presented the NLO production
cross section for resonant sleptons in pp collisions at
7 TeV center-of-mass energy. We then discussed the decay
modes of the slepton for three simplified models, where the
lightest neutralino is either bino- (S1), wino- (S2), or
Higgsino-like (S3). We estimated the event yield with a
like-sign dilepton final state. Although these scenarios are
simplified, they still representwide regions of (realistic) grand
unified theory-based SUSY breaking scenarios like the
CMSSM or the anomaly-mediated SUSY breaking, as long
as the assumed (relevant) sparticle mass hierarchy is fulfilled.

The main part of this work focused on the derivation of
upper bounds on the R-parity–violating couplings from
recently published LHC results. First, we considered the
dijet signature of resonant sleptons. Using ATLAS and
CMS dijet searches each with 1 fb�1 of data, we derived
upper bounds on the R-parity–violating coupling squared,
�02
ijk (i ¼ 1; 2; 3, j; k ¼ 1; 2), times the branching fraction

of the slepton to dijets. These limits depend only on the
mass of the resonant slepton, ~m, and are thus complemen-
tary to low-energy upper bounds, which usually scale with
the squark masses. The limits derived from the CMS
search turn out to be considerably stricter than those of
ATLAS. If the dijet channel is the dominant decay mode,

Bð~‘i=~�i ! jjÞ � 100%, the upper bounds obtained are,
for instance, �0

i11 � 0:03ð0:05Þ and �0
i22 � 0:18ð0:37Þ for a

slepton mass ~m ¼ 1000ð1500Þ GeV. The complete
ATLAS and CMS results are listed in Tables II and III,
respectively. However, these limits from LHC dijet reso-
nance searches only apply for a very massive spectrum
where the slepton mass is in the range 0:9 TeV � ~m �
2:5 TeV, since a dijet resonance search in the lower mass
region is still insensitive due to the overwhelming QCD
background.

We then studied the like-sign dilepton signature, which
is a very promising channel for resonant slepton production
due to the small SM background. Using an ATLAS search
for anomalous like-sign dimuon pairs with 1:6 fb�1 of
data, we set limits on �0

211, �
0
212, �

0
221 and �0

222 in the
lightest neutralino-slepton mass plane, ðm~�0

1
; ~mÞ, assuming

a bino-like (S1) or wino-like (S2) lightest neutralino LSP.
These bounds range from 0.001 (for low slepton and neu-
tralino masses �100 GeV to 300 GeV in S1) to 0.0065
(heavier slepton and lightest neutralino masses up to

1 TeV). The strictest bounds are obtained for the �0
211

coupling for a bino-like lightest neutralino (S1). Our
results improve the bounds on �0

211 obtained from the
Tevatron by a factor * Oð40Þ. For instance, for a slepton
mass ~m ¼ 300ð400Þ GeV and a neutralino mass m~�0

1
¼

150ð200Þ GeV, the upper bound �0
211 < 0:04ð0:08Þ obtained

by D0 [39,40] has improved to 0.001(0.0015) by our analy-
sis of the LHC data.
Furthermore, we discussed in some detail the

performance of the ATLAS like-sign dimuon search on
the resonant slepton signal. For this, we presented the pT

distribution of the isolated muons and the like-sign dimuon
invariant mass distribution for three different mass con-
figurations [ ~m ¼ 500 GeV, m~�0

1
¼ ð100; 250; 400Þ GeV].

The signal acceptance is reduced (i) for small neutralino
masses and (ii) for a low mass difference between the
slepton and the lightest neutralino. In either case, one of
the muons has a rather low transverse momentum.
We want to remark that scalar leptoquark searches at

ATLAS [96] and CMS [97] are also sensitive to resonant
slepton production. These analyses searched for two jets
associated with either two leptons or one lepton and miss-
ing energy (coming from a neutrino). As discussed in
Sec. II B, this is also a typical signature of resonant slepton
production. Furthermore, the analyses with one final state
lepton should perform better than the (like-sign) dilepton
search in the parameter region of small mass difference
between the slepton and the lightest neutralino, where the
lepton detection efficiency is lowdue to reduced phase space.
We also want to encourage the ATLAS and CMS

Collaborations to perform a similar search for like-sign
ditau pairs. This would shed new light on the R-parity–
violating couplings �0

3ijði; j ¼ 1; 2Þ assuming a resonantly

produced ~�1 with a non-negligible left-handed component.
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APPENDIX A: ADDITIONAL TABLES FOR THE
DIJET RESONANCE SEARCH RESULTS

The results of the dijet resonance study in Sec. III A are
listed in Tables II and III for the ATLAS and CMS analy-
ses, respectively. The upper bounds on the R-parity–
violating coupling squared times the branching ratio of

the slepton to dijets, �02
ijk 	Bð~‘i=~�i ! jjÞ, are presented
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for all j, k 2 f1; 2g separately up to the perturbativity
bound. We also give the signal acceptance A for each
slepton mass ~m, which has been evaluated with our MC
simulation. For the ATLAS results, Table II, we also pro-
vide the resonance width to mass ratio, �G=mG, as derived
from a Gaussian fit to the resonance.

APPENDIX B: SIGNAL ACCEPTANCE OF THE
PROMPT LIKE-SIGN DIMUON SEARCH

In Fig. 11 we give the signal acceptance in the
(m~�0

1
, ~m) mass plane for each signal region (m�� >

25 ; 100; 200; 300 GeV) of the ATLAS prompt like-sign

dimuon search [23] for the simulated process pp !
~‘�=~�� ! ð�=�Þ~�0

1.

For most of the parameter space, the acceptance
ranges between 2% and 7%, where the highest values are
obtained for models with m~�0

1
� ~m=2. In that case, neither

the slepton nor the neutralino decay is kinematically

suppressed, leading to sizable transverse momenta of the
two leptons. In contrast, the regions with either a low
neutralino mass or a low mass difference between slepton
and lightest neutralino, �m ¼ ~m�m~�0

1
, feature a very

small acceptance. Here, one of the leptons is soft due to
reduced phase space, as discussed in Sec. III B, and there-
fore fails to pass the minimum pT requirement.
The insensitive region at low neutralino masses does not

depend on the specific m�� requirement, since it typically

features higher values of m��; cf. Fig. 8(b). In contrast,

the acceptance in the low �m region highly depends on
the m�� cut. Decreasing the mass difference �m leads

to a shift of the m�� distribution towards lower values.

Thus, only the m�� > 25 GeV signal region is capable

of exploring the parameter region with �m down to
� 10 GeV, while the other signal regions with m�� >

ð100; 200; 300Þ GeV require a mass difference of �m *
ð20; 75; 150Þ GeV, respectively, to become sensitive (i.e. to
obtain A * 2%).

TABLE II. Upper limits on �02 	Bð~‘i=~�i ! jjÞ derived from the ATLAS search for dijet
resonances. The first column gives the resonant slepton mass, ~m (in GeV), and the second and
third columns show the acceptance A (in %) and the width-to-mass ratio, �G=mG (in %),
of the Gaussian resonance fit, respectively. The other columns contain the upper limits on
�02 	Bð~‘i=~�i ! jjÞ, where the indices of �0 are indicated in the table header (i ¼ 1; 2; 3).

Upper limits on �02
ijk 	Bð~‘i=~�i ! jjÞ

~m [GeV] A (in%) �G=mG (in%) i11 i12 i21 i22

900 8.1 8.1 0.00226 0.00497 0.00953 0.05931

950 8.0 7.2 0.00329 0.00734 0.01432 0.09274

1000 7.9 7.5 0.00473 0.01067 0.02117 0.14252

1050 8.2 7.3 0.00542 0.01234 0.02490 0.17413

1100 7.9 6.3 0.00483 0.01110 0.02275 0.16507

1150 8.6 7.9 0.00731 0.01694 0.03524 0.26513

1200 8.8 6.8 0.00619 0.01442 0.03045 0.23733

1250 8.8 6.5 0.00754 0.01764 0.03779 0.30482

1300 8.6 7.5 0.01002 0.02349 0.05104 0.42574

1350 9.0 7.0 0.00873 0.02051 0.04516 0.38927

1400 9.0 7.5 0.00871 0.02044 0.04560 0.40587

1450 9.1 6.4 0.00686 0.01608 0.03634 0.33384

1500 9.1 6.5 0.00815 0.01904 0.04358 0.41282

1550 9.3 6.3 0.00924 0.02149 0.04976 0.48586

1600 9.5 6.3 0.01050 0.02426 0.05683 0.57162

1650 9.4 6.4 0.01303 0.02987 0.07077 0.73286

1700 9.8 6.3 0.01364 0.03098 0.07419 0.79059

1750 9.4 6.1 0.01547 0.03478 0.08418 0.92254

1800 9.6 6.4 0.01769 0.03929 0.09605 � � �
1850 9.8 5.9 0.02210 0.04840 0.11951 � � �
1900 9.8 7.0 0.03023 0.06522 0.16255 � � �
1950 10.0 6.6 0.04261 0.09040 0.22733 � � �
2000 10.0 6.0 0.05815 0.12116 0.30730 � � �
2100 10.2 6.5 0.11257 0.22523 0.58045 � � �
2200 10.4 5.9 0.21673 0.41398 � � � � � �
2300 10.5 6.3 0.41049 0.74428 � � � � � �
2400 10.6 5.7 0.76454 � � � � � � � � �
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FIG. 11 (color online). Signal acceptance A of the ATLAS same-sign prompt dimuon search for the resonant slepton production
process pp ! ~‘�=~�� ! ð�=�Þ~�0

1. (a)–(d) show the four signal regions with m�� > ð25; 100; 200; 300Þ GeV, respectively.

TABLE III. Upper limits on �02 	Bð~‘i=~�i ! jjÞ derived from the CMS search for
narrow dijet resonances. The first column gives the resonant slepton mass, ~m (in GeV), and
the second shows the acceptance A (in %). The other columns contain the upper limits on
�02 	Bð~‘i=~�i ! jjÞ, where the indices of �0 are indicated in the table header (i ¼ 1; 2; 3).

Upper limits on �02
ijk 	Bð~‘i=~�i ! jjÞ

~m [GeV] A (in%) i11 i12 i21 i22

1000 33.8 0.00102 0.00229 0.00455 0.03064

1100 34.8 0.00117 0.00269 0.00552 0.04007

1200 35.7 0.00163 0.00380 0.00803 0.06254

1300 35.7 0.00201 0.00472 0.01026 0.08555

1400 36.6 0.00195 0.00458 0.01023 0.09103

1500 36.6 0.00275 0.00642 0.01469 0.13914

1600 37.3 0.00413 0.00954 0.02235 0.22478

1700 37.3 0.00619 0.01407 0.03370 0.35911

1800 38.1 0.00766 0.01701 0.04160 0.46863

1900 37.6 0.01441 0.03108 0.07747 0.92097

2000 38.2 0.02956 0.06159 0.15622 � � �
2100 38.6 0.05246 0.10497 0.27053 � � �
2200 38.2 0.09454 0.18058 0.47210 � � �
2300 39.0 0.18974 0.34403 0.91070 � � �
2400 39.1 0.39971 0.68404 � � � � � �
2500 39.1 0.82990 � � � � � � � � �
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Furthermore, in order to obtain a large m�� value, the

slepton mass ~m has to be sufficiently large. Thus, the signal
regions with m�� > ð25; 100; 200; 300Þ GeV become sen-

sitive for slepton masses ~m * ð125; 200; 330; 500Þ GeV,
respectively.

Although the m�� � 25 GeV selection has the best

acceptance coverage, it is still important to use the other

signal regions also, because they have less SM back-
ground and thus stricter upper limits on the fiducial cross
section. In parameter regions with heavier sleptons
~m * Oð600 GeVÞ and neutralino masses around ~m=2,
the signal region with m�� > 300 GeV typically poses

the strictest limits on the R-parity–violating couplings.
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