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We propose a new possible explanation of the ATLAS di-boson excess: that it is due to heavy
resonant slepton production, followed by decay into di-smuons. The smuon has a mass not too far
from the W and Z masses, and so it is easily confused with W or Z bosons after its subsequent
decay into di-jets, through a supersymmetry violating and R−parity violating interaction. Such a
scenario is not currently excluded by other constraints and remains to be definitively tested in Run
II of the LHC. Such light smuons can easily simultaneously explain the discrepancy between the
measurement of the anomalous magnetic moment of the muon and the Standard Model prediction.

I. INTRODUCTION

In 20.3 fb−1 of
√
s = 8 TeV LHC data, ATLAS mea-

sured an excess with respect to Standard Model (SM)
predictions in the production of di-electroweak gauge
bosons V V (where V = W,Z) that decay hadroni-
cally [1]. The excess was at a di-boson invariant mass
around 1.8–2 TeV, and occurred in all three decay chan-
nels: WZ, WW and ZZ with local significance of 3.4,
2.6 and 2.9σ, respectively.1 The hadronically decaying
di-bosons were identified by using jet mass and sub-jet
grooming and mass-drop filtering techniques [3]. De-
spite some initial worries about the method of applica-
tion of such techniques [4], they have so far held up to
re-scrutinization theoretically [5]. ATLAS and CMS an-
alyzed 3.2 and 2.2 fb−1 of Run II

√
s = 13 TeV data,

respectively, and although no diboson excess above 2σ
was found, the sensitivity was too small to rule out the
Run I excess at the 95% confidence level (CL) [6, 7].

There have been many proposals of new physics in or-
der to explain the Run I excess. Most of the early pro-
posals involved the production of various different types
of spin-one resonances [8–40]. There were also some
attempts involving spin-zero [25, 28, 32, 41–48], spin-
two [28, 42, 46] as well as composite fermion [49] reso-
nances. However, none of these proposals involved spar-
ticle resonances from the well-motivated minimal super-
symmetric standard model (MSSM).2 Here, we wish to
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1It is interesting to note that a similar previous Run I search by
CMS also had an excess, albeit milder, around the same mass [2].

2One attempt [50] did use a sgoldstino resonance: a spin-zero com-

construct a model that is consistent with the MSSM and
that explains the ATLAS di-boson excess, thus poten-
tially additionally solving the technical hierarchy prob-
lem and reinvigorating the hopes of confirming low-scale
supersymmetry (SUSY) in Run II of the LHC. We take
advantage of the fact that the ATLAS di-boson excess
only relies on the mass of boosted jets in order to iden-
tify W and Z bosons. If the heavy resonance decays
instead to other states which have a mass in the vicin-
ity of the W and Z and then each of them decays to
di-jets (which, because of the large resonance mass, look
like one boosted fat jet with a two sub-jet structure), this
scenario will not be distinguished from the V V resonance
in the ATLAS analysis.

The rest of the paper is organised as follows: in Sec-
tion II, we present the basic idea involving light smuons
and test their compatibility with the existing constraints.
A general discussion of the smuon masses and mixing is
given in Section III, followed by the mass assignments in
our RPV scenario in Section IV and the slepton decay
widths in Section V. A fit to the di-boson excess is pre-
sented in Section VI. Some discussions followed by our
conclusion are given in Section VII.

II. THE PROPOSAL

Our proposal is depicted in Fig. 1, where each vertex
is R−parity violating (RPV). There are three indepen-
dent vertices, requiring three different interaction terms
in the RPV MSSM. We write the relevant part of the

ponent of the goldstino. Such a scenario requires a fundamental
supersymmetry breaking scale at a few TeV.
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RPV superpotential (for a review, see e.g. [51])

WLV = λ′j11LjQ1D̄1 + λ′2klL2QkD̄l , (1)

along with a soft supersymmetry breaking and RPV term

Lsoft
LV = Aj22 ˜̀

j
˜̀
2µ̃

+
R + (H.c.) , (2)

where j, k, l ∈ {1, 3} are the family indices, Qk and Lk
are kth generation quark and lepton doublet superfields
respectively, and Dk is the kth down-type quark singlet
superfield. For the components of ˜̀

j = (ν̃j , ˜̀±
j ), there are

two relevant λ′-type vertices from Eq. (1) which appear in

Fig. 1, viz. λ′j11(ν̃jdLd̄R − ˜̀±
j uLd̄R). Here we have only

considered first-generation quarks in the initial states,
as they have much larger parton distribution functions
(PDFs) inside the proton than the other two generations.
We could replace all of the family indices that are set to
2 in Eqs. (1) and (2) to a common but different value (as
long as it were different to j), in which case we would re-
ally have di-stau or di-selectron production (throughout
this paper, we implicitly include other modes involving
the accompanying sneutrinos). For definiteness, and be-
cause it can potentially explain the long-standing discrep-
ancy of the SM prediction with the measurement of the
anomalous magnetic moment of the muon (see e.g. [52]),
we focus here on the di-smuon case, but bear in mind
that the other cases would lead to an identical signature
at the LHC. The choice of k and l are irrelevant to the
gross phenomenology, since any choice results in light
sub-jets. The choice of j does affect whether one can ob-
tain constraints and signals from neutrinoless beta decay
(0νββ) [53, 54]. We shall comment on this possibility
later. We ban baryon number violating terms from the
RPV model (for example by using baryon triality [55])
in order to keep the proton stable, in accordance with
observed lower limits on the proton decay lifetime [56].
Other lepton number violating terms may be present, but
should be sub-dominant to the terms that we have writ-
ten in Eqs. (1) and (2) in order for our analysis to be

q
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q
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q
q̄ jet

jet jet

jet
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FIG. 1. Slepton resonance mimicking the ATLAS di-boson
excess. The resonant charged slepton/sneutrino has a mass
of around 1.9 TeV and the smuons must be in the mass regime
80-105 GeV, such that they would be mistaken for W or Z’s
after their boosted hadronic decay.

valid. We shall also set other sparticles not involved to
be sufficiently heavy so that they do not interfere with
our analysis or the di-boson signal.

The ATLAS di-boson analysis [1] tagged a fat jet as a
W if its mass was in the range 69.4 < mj/GeV < 95.4
after grooming and filtering, whereas it was tagged as
a Z if 79.8 < mj/GeV < 104.8. There is clearly an
overlap between the W and Z tags, and therefore, the
WW , WZ and ZZ tagged regions are not completely
disjoint (see Ref. [21] for a detailed statistical analysis
including the overlaps). We must make sure that the
smuons or muon sneutrinos in Fig. 1 are in the mass
range 69.4 < mµ̃/GeV < 104.8 so that they are tagged
as W and/or Z bosons. On the other hand, LEP II 4-jet
searches [57] provide a lower bound on the smuon mass
of around 77 GeV, as shown in Fig. 2, where we plot
the 95% CL exclusion limits for the di-smuon production
cross-section at

√
s = 209 GeV, as well as the corre-

sponding model predictions, as a function of the smuon
mass assuming the smuons predominantly decay into di-
jets. The exclusion region depicted is on left-handed
smuons and is more stringent than the one on right-
handed smuons. The limit on muon sneutrinos is, to
a very good approximation, identical to the limit on left-
handed smuons. The corresponding cross section limits
from

√
s = 8 TeV LHC (which are similar to the stop pair

production limits) are even weaker; see e.g. [58]. From
Fig. 2 we see that if we have smuons with mass larger
than 80 GeV, then our scenario should not fall afoul of
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FIG. 2. 95% CL exclusion region (red shaded) derived from
LEP II data for di-smuon production cross sections, followed
by smuon decay into di-jets, as a function of the smuon
mass. For comparison, we also show the pair production cross-
sections for µ̃L (blue solid), µ̃R (green dashed) and ν̃µ (brown
dotted) at

√
s = 209 GeV.
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the LEP II limits. We shall therefore only use smuons in
the range 80 < mµ̃/GeV < 105.

This possibility is intriguing because the necessarily
light smuons and muon sneutrinos will contribute to the
anomalous magnetic moment of the muon (g− 2)µ, mea-
surements of which [59] have long been known to be
discrepant with the SM at the 3.6σ level, with δaµ ≡
δ(g − 2)µ/2 = (2.9 ± 0.8) × 10−9 [52]. However, SUSY
gives one-loop contributions with smuons and neutrali-
nos running in a loop, along with a loop containing muon
sneutrinos and charginos, yielding [60]

δaµ ≈ 1.3× 10−9
(

100 GeV

min(Mχ±
1
, Mχ0

1
)

)2

tanβ sign(µM2),

(3)
where the masses of smuons and muon sneutrinos are as-
sumed to be around 100 GeV, Mχ±

1
and Mχ0

1
are the

masses of the lightest chargino and the lightest neu-
tralino, respectively, µ and M2 are the Higgsino and wino
mass parameters, respectively, and tanβ ≡ vu/vd is the
ratio of the up and down-type Higgs vacuum expecta-
tion values.3 Given that tanβ <∼ 50 from perturbativ-
ity and precision electroweak constraints [63], whereas
Mχ±

1
& 104 GeV from LEP constraints [64], it appears

that there is still plenty of viable parameter space where
the discrepant (g−2)µ measurement is explained by spar-
ticle loops.

One may worry that such light smuons would be ruled
out by di-jet constraints from the LHC [65–68], through
q′q̄ → µ̃ → q′q̄, but in fact the RPV coupling mediating
such a process, λ′2kl, may be made small enough (. 10−2)
to relax the di-jet constraint through suppression of the
production cross-section, whereas the smuons in Fig. 1
will always still decay into qq̄ as long as there are no
other competing decay modes. LHC di-jet constraints
from resonant smuon production [69] are proportional to
|λ′211|2, which we may set to be arbitrarily small without
affecting the di-boson signal. The smuon width is

Γ(µ̃→ ūd) =
3

16π
|λ′211|2mµ̃ , (4)

resulting in a decay length of

L/cm = 10−14(βγ)

(
100 GeV

mµ̃

)
1

3|λ′211|2
, (5)

where β and γ are the usual relativistic kinematic factors.
As long as λ′211 > O(10−6), the majority of the decays
should occur promptly.

3Using GM2Calc [61], we have numerically verified that the linear de-
pendence on tanβ in Eq. (3) is an approximation good to around
20% for small to moderate tanβ values, which will be the case
for our benchmark point discussed later. For large tanβ, higher-
order terms can become important and change this linear depen-
dence [62].

Another potential problem is the fact that smuons and
muon sneutrinos that are too light might be ruled out
by precision electroweak constraints. Determining their
contributions to the electroweak parameters S and T [70],
Fig. 3 of Ref. [63] shows that even if all three left-handed
slepton doublets have a mass of 100 GeV, at tanβ = 2,
one obtains ∆S = −0.05 and ∆T = 0.0, well within the
90% CL bound. With only one slepton doublet required
to be so light, we stay on the allowed side of the bound. In
order to estimate whether the Tevatron may have ruled
the scenario out, we estimated the total production cross-
section for smuons and muon sneutrinos at

√
s = 1.96

TeV proton-anti-proton collisions with Herwig7.0 [71,
72] to be 41 fb. Such a low cross-section for a 4-jet final
state is not excluded by any Tevatron search, to the best
of our knowledge.

III. THE SMUON MASSES AND MIXING

Without light right-handed neutrinos, the mass eigen-
state coincides with the gauge eigen-state in the sneutrino
sector. The mass of the muon sneutrino is given by

m2
ν̃µ = m2

˜̀
2

+
1

2
m2
Z cos 2β , (6)

where tanβ = vu/vd denotes the ratio of the vacuum ex-
pectation values of the two Higgs doublets Hu and Hd in
the MSSM. In the gauge eigen-basis (µ̃L, µ̃R), the smuon
mass matrix is given by

M2
µ̃ =

(
m̃2
L Xµ

Xµ m̃2
R

)
(7)

with m̃2
L = m2

˜̀
2

+m2
µ +m2

Z cos 2β

(
−1

2
+ sin2 θw

)
,

m̃2
R = m2

µ̃R +m2
µ −m2

Z cos 2β sin2 θw ,

Xµ = mµ(Aµ − µ tanβ) , (8)

θw being the weak mixing angle. This mass matrix is
diagonalized in the mass eigen-basis (µ̃1, µ̃2):(

m2
µ̃2

0

0 m2
µ̃1

)
= UM2

µ̃U
†, U =

(
cθµ sθµ
−sθµ cθµ

)
, (9)

where cθµ ≡ cos θµ, sθµ ≡ sin θµ and

m2
µ̃2,1

=
1

2

[
(m̃2

L + m̃2
R)±

√
(m̃2

L − m̃2
R)2 + 4X2

µ

]
,(10)

tan 2θµ =
2Xµ

m̃2
L − m̃2

R

. (11)

The gauge and mass eigenbases are related by [cf.
Eq. (9)] µL = cθµ µ̃2 − sθµ µ̃1 and µR = sθµ µ̃2 + cθµ µ̃1.
Thus, one can find the Feynman rules for the vertices
induced by Eq. (2) in the mass eigenbasis as

˜̀−
j ν̃µµ̃

+
R = ˜̀−

j ν̃µ(sθµ µ̃
+
2 + cθµ µ̃

+
1 ) , (12)

ν̃jµ̃
−
L µ̃

+
R = ν̃j(cθµsθµ µ̃

+
2 µ̃
−
2 − cθµsθµ µ̃

+
1 µ̃
−
1

+ c2θµ µ̃
+
1 µ̃
−
2 − s2θµ µ̃

+
2 µ̃
−
1 ). (13)



4

Ignoring for now the di-jet decay mode via the
λ′j11LjQ1D̄1 operator, the ratio of the partial decay
widths of the slepton resonance to di-smuons can be writ-
ten as

˜̀±
j → ν̃µµ̃

±
2 : ν̃µµ̃

±
1 = s2θµ : c2θµ , (14)

ν̃j → µ̃+
2 µ̃
−
2 : µ̃+

1 µ̃
−
1 : µ̃±2 µ̃

∓
1 =

s22θµ
4

:
s22θµ

4
: 1−

s22θµ
2

,

(15)

independent of the A-parameter in Eq. (2). However, in
practice, the λ′-terms in Eq. (1) also induce di-jet modes
˜̀±
j → qq̄′ and ν̃j → qq̄, which cannot be neglected, since

the same coupling is responsible for the production of the
slepton resonance in Fig. 1, and hence, cannot be arbi-
trarily suppressed. Thus, the relative branching ratios of
˜̀
j to di-smus will depend on both Aj22 and λj11, as we

will see in Section V.

IV. MASS ASSIGNMENT

In order to explain the di-boson excess by the ˜̀
j pro-

duction, two possibilities can be considered. One is to
make µ̃2 heavy and explain the di-boson excess by iden-
tifying fat W/Z jets as fat µ̃1/ν̃µ jets. If one requires

the ˜̀±
j production contributes to the di-boson excess,

mν̃µ ' m̃L has to be around the gauge boson mass,
mV ' (mZ + mW )/2. To remove the µ̃2 contribu-
tion from the signal, we need m̃R � mV . Assuming
Xµ � m̃R, the lighter smuon mass can be written as [cf.
Eq. (10)]

m2
µ̃1
' m̃2

L −
2X2

µ

m̃2
R − m̃2

L

. (16)

Therefore, to make m2
µ̃1

positive and also around the
gauge boson mass, Xµ � m̃R is indeed necessary. From
Eq. (11) and knowing µ̃1 ∼ µ̃L, one can see that θµ ∼ π

2

and the couplings for the ˜̀±
j → ν̃µµ̃

±
1 and ν̃j → µ̃+

1 µ̃
−
1 are

suppressed by cos2 θµ and sin2 2θµ/4, respectively. Thus
in this case, the di-jet final state can more easily dom-
inate the ˜̀

j decay, instead of the di-smuon final state,
disfavoring our RPV interpretation.

Another possibility is to bring down the masses of
all particles in the smuon sector, i.e. ν̃µ, µ̃1 and µ̃2,
to around the average gauge boson mass scale mV . If
one demands (mµ̃2

,mµ̃1
) ' (mZ ,mW ), both m̃2

L and
m̃2
R have to be around the gauge boson mass scale, and

(m̃2
L−m̃2

R), Xµ have to be smaller thanmV , being related
by

(m2
Z −m2

W )2 ' (m̃2
L − m̃2

R)2 + 4X2
µ . (17)

One can also find

s2θµ '
Aµ − µ tanβ

8651 GeV
, c2θµ '

m̃2
L − m̃2

R

1881 GeV2
. (18)

In this case, all decay modes in Eqs. (14) and (15) are
possible and the mixing can be suppressed as long as the
smuon decays are prompt because the µ̃1,2 → qq̄ decay
widths are proportional to |λ′211sθµ |2 and |λ′211cθµ |2, re-
spectively.

For example, by taking tanβ = 1.5, m˜̀
2

= 88 GeV,

mµ̃R = 80 GeV, Xµ = 537 GeV2, we find

mν̃µ = 78.43 GeV ,

mµ̃1
= 83.43 GeV ,

mµ̃2
= 93.68 GeV , (19)

sin θµ = 0.31 ,

˜̀±
j → ν̃µµ̃

±
2 : ν̃µµ̃

±
1 = 0.097 : 0.903 ,

ν̃j → µ̃+
2 µ̃
−
2 : µ̃+

1 µ̃
−
1 : µ̃±2 µ̃

∓
1 = 0.0874 : 0.0874 : 0.8252 ,

We approximate mµ̃1
and mν̃j by MW and mµ̃2

by MZ ,

since the values are rather close. Eq. (19) implies that ˜̀±
j

mostly decays to ν̃µµ̃
±
1 and ν̃j mostly to µ̃±2 µ̃

∓
1 , thereby

mimicking the WW and WZ final states, respectively,
in the context of the ATLAS di-boson search. We note
here that by playing with the mass parameters, we could
change the effective proportions of WW , WZ or indeed
ZZ final states. We shall here stick to the approximation
that ˜̀±

j always decays to ν̃µµ̃
±
1 and ν̃j always decays to

µ̃±2 µ̃
∓
1 .

V. SLEPTON DECAYS

In order to explain the di-boson excess through the
resonant slepton production process of Fig. 1, we assume
M = m˜̀±

j
' mν̃j ' 1.9 TeV.4 According to data, the res-

onance should not be too much wider than 100 GeV [1]
(although perhaps up to 160 GeV or so is still accept-

able). The decay width of ˜̀±
j /ν̃j to the smuon and muon

sneutrinos induced by A2jj from Eq. (2) is given by

Γ(ν̃j → µ̃+
2 µ̃
−
2 , µ̃

+
1 µ̃
−
1 , µ̃

±
2 µ̃
∓
1 ) ' Γ(˜̀±

j → ν̃µµ̃
±
2 , ν̃µµ̃

±
1 )

=
|Aj22|2

16πM

(
1−

4m2
µ̃

M2

)1/2

. (20)

On the other hand, the decay width for the qq̄ mode
through the λ′-term in Eq. (1) is given by

Γ(ν̃j → qq̄) ' Γ(˜̀±
j → qq̄) =

3|λ′j11|2M
16π

. (21)

The branching ratio for the ν̃j to decay to smuons is
therefore given by

BRµ̃ '
|Aj22|2

3|λ′j11|2M2 + |Aj22|2
. (22)

41.9 TeV provides a good fit to the ATLAS di-boson excess and
other CMS data [17, 73], although we could also have chosen 2
TeV, without affecting our main conclusions.
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FIG. 3. Branching ratios of slepton decays to di-quark and
di-smuon through RPV couplings given by Eqs. (1) and (2),
respectively.

Here we have neglected the O(m2
µ̃/M

2) terms, keeping in

mind the benchmark scenario given by Eq. (19). Fig. 3
shows the branching ratios for the smuon and di-jet fi-
nal states as functions of |Aj22|, where M = 1.9 TeV
and |λ′j11| = 0.3 are assumed. It is clear that for large
|Aj22|, the di-smuon decay mode will dominate over the
di-jet mode, which is favorable for the di-boson excess.
We note here that in principle, a very large Aj22-term
could make the soft-mass squared (m2

˜̀)22 negative when
running to higher renormalization scales, since the renor-
malization group (RG) evolution of the slepton mass
Lagrangian term (m2

˜̀)22 has a piece d(m2
˜̀)22/d lnµ =

−2|Aj22|2/(16π2) + . . . [74]. It is not clear immediately
whether this would destabilize the electroweak vacuum,
since loop corrections to the energy density of the min-
imum could be the same size as the tree-level poten-
tial [75]. In order to calculate any such constraint re-
liably, one can use the “RG-improved” potential, taking
the renormalization scale to be the putative vacuum ex-
pectation value [76], which should in this case be around
the TeV scale (because it is driven by the TeV scale pa-
rameter Aj22). Since this scale is not very far from the
electroweak scale, there one does not have to run the
RG equations very far and the constraints are likely to
be weak because there is not much room for a tachyonic
smuon to arise. There are other potential directions in
scalar field space to check that are not associated with
tachyons, but to reliably calculate bounds from those, one
would have to upgrade a package like Vevacious [77] in
order to include RPV, which is beyond the scope of this
paper and might be studied elsewhere.

We must also consider whether the model is non-
perturbative, since, for example, a loop correction to
the quartic l̃j coupling may be large: the dominant di-
agram is a box with smuons/muon sneutrinos running
in the loop. We find a one-loop correction to the coeffi-
cient of the effective potential term V ⊃ λl̃j |l̃j |

4, where

λl̃j = (g22 + g21)/4 at the tree-level (g2 and g1 being the

SU(2)L and U(1)Y gauge couplings, respectively) [78, 79]

∆λl̃j ≈ −
1

384π2

(
Aj22
m̃

)4

, (23)

assuming a common mass m̃ for the left-handed smuons
and muon sneutrinos. Below, we shall impose that this
correction is not too large, i.e.

|λl̃j + ∆λl̃j | < 4π ; (24)

otherwise, the theory would be non-perturbative and we
would not be able to trust the accuracy of our results.

One might also worry whether the negative sign in
Eq. (23) leads to a charge-breaking minimum (CBM) in
the direction of the slepton [80, 81]. For a robust de-
termination of whether this is unsafe for us, we need to
compute the lifetime of this minimum. Here we will sim-
ply use a conservative constraint by demanding that the
coefficient of the quartic-term in the one-loop effective
potential is positive-definite, i.e.

λl̃j + ∆λl̃j ≥ 0 . (25)

In any case, our RPV scenario with a light smuon is
consistent with all current experimental constraints [51]
and may be tested soon in the ongoing Run II phase of
the LHC. For a detailed discussion of light smuon phe-
nomenology at the LHC, see e.g. Refs. [74, 82].

VI. FITTING THE DI-BOSON EXCESS

We first calculate the resonant production cross sec-
tions for a 1.9 TeV ˜̀±

j or ν̃j at
√
s = 8 TeV LHC using

the RPV model implementation in FeynRules [83] and
the parton-level event generation in MadGraph5 [84] with
NNPDF2.3 leading order PDF sets [85]. We get

σ(pp→ ˜̀±
j ) = 75 fb , σ(pp→ ν̃j , ν̃

∗
j ) = 359 fb ,

normalized to |λ′j11|2 = 1. The decay width of ˜̀
j →

ν̃±µ µ̃, µ̃
+µ̃− is given by Eq. (20) and that of ˜̀

j → qq̄ is
given by Eq. (21). These are assumed to be the dom-
inant decay modes so that the branching ratio to di-
smuon is given by Eq. (22). The smuons (and muon
sneutrinos) are assumed to decay into di-jets with a 100%
branching ratio, as argued below Eq. (4), which is rea-
sonable given that these are the lightest sparticles in
the model. Ref. [21] unfolded cross-contamination of the
WW , WZ and ZZ channels and estimates of the efficien-
cies to bound the case where one has contributions from
all three channels. Here, after the approximations listed
under Eq. (19), we have contributions to the WW -like
channel from charged slepton production and from the
WZ-like channel from sneutrino production, whereas we
neglect any ZZ-like channel production. By referring to
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the right-hand panel of Fig. 4 of Ref. [21], we see that the
ATLAS constraint on the sum of WW + WZ channels
production cross section times branching ratio should be
approximately 5 − 25 fb to 95% CL. Our prediction for
this quantity is

σsig. = |λ′j11|2 BRµ̃

[
σ(pp→ ˜̀±

j ) + σ(pp→ ν̃j)
]
. (26)

This favored region (‘ATLAS8 diboson fav.’) is shown by
the blue shaded region in Figure 4. The corresponding
CMS search for boosted di-bosons [2] has given a strin-
gent 95% CL upper limit of 14.3 fb on the signal cross
section for 1.9 TeV invariant mass, which excludes the
green shaded region in Figure 4. Note that this is still
consistent with a large part of the parameter space fa-
voring the ATLAS di-boson excess. Furthermore, there
is another stringent constraint coming from the LHC di-
jet searches performed in Run-I [65, 66], and more re-
cently, in early Run-II [67, 68], which are also applicable

to pp→ ˜̀±
j /ν̃j → qq̄. At

√
s = 8 (13) TeV LHC, the cross

section for a 1.9 TeV qq̄ resonance must be smaller than
100 (400) fb [66, 67], which excludes at 95% CL the solid
(dashed) orange shaded region in Figure 4. There are also
theoretical constraints from perturbativity [cf. Eq. (24)]
and CBM [cf. Eq. (25)], which are shown in Figure 4 by
the horizontal red solid and pink dashed lines, respec-
tively. We have not shaded the CBM region, since the
CBM bound shown here should not be considered as a
strict upper limit, unless and until one does a lifetime cal-
culation, which is beyond the scope of this paper. In any
case, we find that there still survives a resonable portion
of the parameter space in our RPV scenario consistent
with the ATLAS di-boson excess.

We note here that for the j = 1 case the λ′111
coupling also induces neutrinoless double beta decay
(0νββ) [53, 54], and hence, constrained by the current
experimental limits on 0νββ half-life. Using the latest
90% CL combined limit for 76Ge isotope from GERDA
phase-I [86], we find [87, 88]

|λ′111| . 4.5× 10−4
( mẽL

100 GeV

)2( mχ̃0
1

100 GeV

)1/2

.

(27)

For a selectron mass of 1.9 TeV as required here to ex-
plain the ATLAS di-boson excess, we obtain a mild up-
per limit of |λ′111| . 0.51 for the lightest neutralino mass
mχ̃0

1
= 1 TeV, as shown by the dashed vertical line in

Figure 4. From Eq. (27) and Fig. 4, we can readily in-
fer that the 0νββ constraint still allows some parameter
space favoring the ATLAS di-boson excess as long as the
lightest neutralino is heavier than 150 GeV in our RPV
scenario. If we were to re-fit for a slepton mass of 2 TeV,
this line would be less restrictive and move to the right.
The CMS dijet bound would moves slightly toward the
left and there are other small changes, but the qualitative
picture as shown in the Figure remains.

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

|λ' j11|

|A
j2
2
|
[T
eV

]

������ ������� ����

�
�
�
�
��
��
�
��
��
�

�
�
�
��
��
��
�
��
��
�

�
�
�
�
��
��
��
�
��
��
�

������������ �����

���

�
ν
β
β
(�

χ~

�� =
�
�
��

)

��������� ��� ����

FIG. 4. The RPV parameter space favored by the ATLAS
di-boson excess in 8 TeV LHC data (blue shaded region).
The 8 TeV exclusion regions from CMS di-jet (solid orange)
and di-boson (green), as well as the 13 TeV exclusion from
CMS di-jet (dashed orange) searches are also shown. The
magenta dashed vertical line shows the upper limit for the
j = 1 case on |λ′111| due to null results from a recent 0νββ
search, assuming the lightest neutralino mass of 1 TeV. The
light red region in the top half of the plot is non-perturbative
as estimated by Eq. (24) and the region outside of the solid
brown line has a resonance width larger than 100 GeV. The
horizontal pink dashed line is the suggestive upper bound for
|Aj22| obtained from Eq. (25) beyond which one might develop
a charge-breaking minimum.

VII. DISCUSSION AND CONCLUSION

Before concluding, we wish to make a few comments
on the testability of our scenario and its applicability to
other potentially relevant excesses with respect to the
SM predictions:

(i) The di-boson interpretation of the ATLAS excess
inevitably leads to leptonic and semi-leptonic final
states, along with the hadronic decays of the di-boson
system. In contrast, our model, as currently written,
does not predict leptonic decays of the smuons, thus
providing a potential explanation of the absence of
a corresponding di-boson excess in the leptonic or
semi-leptonic channels [89, 90]. With more statistics
pouring in from the Run II phase of the LHC, this will
be a clear distinguishing feature of our scenario in the
near future.

(ii) Unlike the W ′ interpretation of the ATLAS di-
boson excess which involves WZ final states (see
e.g. [9, 12, 17, 21, 34]), and hence, necessarily leads to
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a WH excess (H being the SM Higgs boson) by virtue
of the Goldstone equivalence theorem, our ATLAS
di-boson favored region in Fig. 4 does not suffer from
any such constraints. On the other hand, a recent CMS
search [91] seems to suggest a mild global excess of 1.9σ
in the WH channel with H → bb̄ and W → `ν.5 If
this excess becomes statistically significant, one way of
accommodating it in our model is to have mν̃µ ' mH

and assume ν̃µ predominantly decays to bb̄ through
the λ′233 coupling. The leptonic W decay can also be
mimicked by augmenting Eq. (1) with another RPV
term λ2klL2LkĒl, where k, l ∈ {1, 3}, which will induce
a non-zero branching ratio of µ̃± → `±l νk. Unlike W
decays, we do not generically expect the leptonic decays
of smuons to be flavor universal. Therefore, this could
serve as another distinguishing feature of our scenario.
Yet another difference with respect to the WZ final
state is that it leads to a mono-jet signature in the decay
channel Z → νν̄ and W →a fat jet [94], whereas our
scenario does not predict any such signatures.

(iii) In the case where we choose the indices labeled as
‘2’ in Eqs. (1) and (2) to instead be ‘3’, we have di-stau
(or tau sneutrino) production. In this case, the analysis
of the collider phenomenology proceeds similarly to the
smuon case: the LEP constraints are identical. However,
in the case of di-stau production, one does not address
the discrepancy between the measurement and the SM
prediction of (g − 2)µ.

Interestingly, our scenario might explain some other
Run I excesses, as follows: CMS searches for a right-
handed charged gauge boson reported a 2.8σ excess in
the eejj final state [95]. In addition, the CMS search for
di-leptoquark production has found a 2.4σ excess in the
eejj channel and a 2.6σ excess in the eνjj channel [96].
It is possible to explain both of these excesses with res-
onant slepton production in RPV SUSY, which decays
to a lepton and a chargino/neutralino, followed by three-
body decays of the neutralino/chargino via an RPV cou-
pling [97, 98]. In principle, it is also possible to simulata-
neously accommodate the ATLAS di-boson excess in this
scenario, e.g. pp → ˜̀±

1 → eχ̃0
1 → eeτ τ̃ → eejj + pmiss

T .

However, there are three potential problems with this so-
lution: (a) the leptonic decay of the tau also gives muons,
so we would expect eµjj final states as well, which does
not show any significant excess at the LHC so far; (b)
the di-jets from a light smuon decay tend to be highly
boosted, as discussed above; so the signal efficiency will
drop drastically if we require well-separated jets to ex-
plain the CMS excesses; (c) the CMS excess in eejj fa-
vors more opposite-sign di-electron final states, whereas
the Majorana neutralino decays produces same-sign elec-
trons with the same rate as opposite sign. A detailed
analysis addressing these issues is beyond the scope of
the current paper and is left for a future study.

In conclusion, we have presented a new supersymmet-
ric interpretation of the ATLAS di-boson excess within
an R-parity violating low-scale SUSY framework that
ab initio does not predict leptonic branchings, although
the model can be tweaked to predict them. In fact, a
recent combination by ATLAS of its channels [99] shows
that, once the leptonic channels are added, the global sig-
nificance of the di-boson excess (assuming that the events
consist of real WW , ZZ or WZ) goes down, indicating
a better fit with only hadronic decays. In particular, we
propose a sparticle spectrum with smuon masses in the
80-105 GeV range and a resonant 2 TeV slepton that
can be tested in the Run II phase of the LHC. These
necessarily light smuons are then in turn linked to the
discrepancy between the measurement and SM predic-
tion of the anomalous magnetic moment of the muon.
If the di-boson excess persists and becomes statistically
significant, it could potentially be the first sign of SUSY
at the LHC.
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