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The Tevatron collaborations have searched for associated production of charginos and neutralinos
via trilepton final states. No events above the Standard Model prediction were observed. We
employ these results to put stringent bounds on R-parity violating models with a right-handed
scalar electron as the lightest supersymmetric particle. We work in the framework of lepton number
violating minimal supergravity. We find that within these models the complete parameter space
consistent with the anomalous magnetic moment of the muon can be excluded at 90% confidence
level. We also give prospects for Tevatron trilepton searches assuming an integrated luminosity of
10 fb−1. We find that Tevatron will be able to test selectron LSP masses up to 170 GeV.

I. INTRODUCTION

The LHC has been running for over a year and
first searches for supersymmetry [1, 2] have been pub-
lished [3–7]. In order to know what can possibly be ex-
pected at the LHC with present and forthcoming data,
it is important to know the bounds implied by existing
Tevatron searches [8–10]. It is our purpose here to in-
vestigate the bounds from Tevatron trilepton searches
[11–16] on a specific supersymmetric scenario.
When extending the Standard Model (SM) of parti-

cle physics to include supersymmetry and implement-
ing the minimal particle content, the supersymmet-
ric Standard Model has more than 200 new param-
eters. Most of these arise from the supersymmetry
breaking sector [1, 2]. In order to be able to perform
phenomenological studies, usually simpler models are
considered. We focus here on the baryon triality (B3)
mSUGRA model [17, 18], where B3 is theoretically
well motivated as an anomaly–free discrete gauge sym-
metry [19]. It has only 6 new parameters at the grand
unification (GUT) scale (MGUT = O(1016 GeV))

M0, M1/2, A0, tanβ, sgn(µ), Λ. (1)

Here, M0, M1/2 and A0 are the universal scalar mass,
the universal gaugino mass and the universal trilinear
scalar coupling, respectively. tanβ denotes the ratio of
the two Higgs vacuum expectation values (vevs), and
sgn(µ) fixes the sign of the bilinear Higgs mass param-
eter µ. Λ is a lepton–number and R–parity violating
parameter described below.
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In B3 mSUGRA, the superpotential is extended by
the lepton number violating (LNV) terms [20],

WLNV =
1

2
λijkLiLjĒk + λ′

ijkLiQjD̄k + κiLiH2, (2)

which are absent in the minimal supersymmetric stan-
dard model (MSSM). Here, Li, Qi, H2, Ēi and D̄i are
the standard MSSM chiral superfields. i, j, k are gen-
eration indices. λijk and λ′

ijk are dimensionless cou-
plings. The κi are dimensionful parameters, which
vanish in B3 mSUGRA at MGUT due to a redefinition
of the lepton and Higgs superfields [17]. They are gen-
erated at lower scales via the renormalization group
equations (RGEs), leading to interesting phenomeno-
logical consequences for neutrino masses [21, 22].
In the B3 mSUGRA model, we assume that exactly

one of the thirty-six dimensionless couplings in Eq. (2)
is non-zero and positive at the GUT scale. The param-
eter Λ in Eq. (1) refers to this choice, i.e.

Λ ∈ {λijk , λ
′
ijk}, i, j, k = 1, 2, 3. (3)

Given one coupling at MGUT, other couplings that vi-
olate only the same lepton number are generated at
the weak scale, MZ , through the RGEs [17, 23–25].
An important feature of B3 mSUGRA models is that

the lightest supersymmetric particle (LSP) is no longer
stable. It is therefore not restricted to be electrically
and color neutral [26]. Any supersymmetric particle
can be the LSP. LNV interactions can significantly
alter the RGE running of the sparticle masses such
that we obtain new candidates for the LSP beyond the
lightest neutralino, χ̃0

1, and lightest stau, τ̃1 [27, 28].
We recently showed in detail in Ref. [29] that the in-
terplay of a large magnitude of (negative) A0 with a
LiLjĒk coupling Λ & O(10−2) can lead to a right-

handed slepton LSP, ℓ̃R, of the first or second genera-
tion, i.e. to a selectron, ẽR, or smuon, µ̃R, LSP. The
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LiLjĒk LSP candidate 2σ bound

λ121, λ131 ẽR 0.020 × (MẽR/100 GeV)

λ231 ẽR 0.033 × (MẽR/100 GeV)

λ132 µ̃R 0.020 × (Mµ̃R
/100 GeV)

TABLE I. List of LiLjĒk couplings (first column) needed
to generate a ẽR- or µ̃R-LSP (second column). The third
column gives the most recent experimental bounds [95%
confidence level (C.L.)], taken from Ref. [30]. The bounds
apply at MGUT.

respective LiLjĒk couplings are given in Table I with
their most recent 2σ upper bounds [30] at MGUT.

We also showed in Ref. [29] that our ℓ̃R LSP scenar-
ios naturally lead to multi-lepton final states at hadron
colliders. For example, consider squark, q̃, pair pro-
duction

q̃q̃ → qqχ̃0
1χ̃

0
1 → qqℓℓℓ̃Rℓ̃R , (4)

where the squark decays into a quark, q, and the χ̃0
1.

The χ̃0
1 decays into the ℓ̃R LSP and a charged lepton

ℓ of the same flavor. The ℓ̃R LSP can then decay via
the LiLjĒk operator, for example,

ℓ̃R → ℓ′ν , (5)

i.e. into another charged lepton ℓ′ and a neutrino ν.
We found in Ref. [29] that the LHC can test large

regions of the ℓ̃R LSP parameter space even with first
data. These promising results have motivated us to in-
vestigate the present bounds on our model from Teva-
tron trilepton searches [8–10]: this is the topic of this
paper. To be specific, we will concentrate on selectron
LSP scenarios, where λ231 is the dominant R-parity
violating coupling at MGUT. Due to the weaker ex-
perimental bound on λ231, cf. Table I, we can obtain
a lighter sparticle mass spectrum resulting in larger
cross sections for sparticle pair production at the Teva-
tron.
We find that the Tevatron rules out the ẽR LSP

parameter space within B3 mSUGRA, which is con-
sistent with the anomalous magnetic moment of the
muon within 2 standard deviations1. One should thus
also consider going beyond B3 mSUGRA. We extra-
polate the existing Tevatron analysis to an integrated
luminosity of 10 fb−1 and find that more statistics
can highly improve the sensitivity for heavier models.
We therefore hope to encourage the Tevatron collab-
orations to search for our models in their upcoming
trilepton supersymmetry (SUSY) searches.

1 The respective B3 mSUGRA parameter space with a µ̃R LSP
is already ruled out by the stronger bound on λ132, cf. Table I.
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FIG. 1. Mass difference, ∆M , between the next–to LSP
(NLSP) and LSP in the M1/2 − M0 plane. The other B3

mSUGRA parameters are A0 = −1250 GeV, tanβ = 5,
sgn(µ) = + and λ231|GUT = 0.045. The LSP candidate
regions are shown, bordered by the white dotted lines. The
solid gray region on the bottom left is excluded due to the
bound on λ231, cf. Table I, and the patterned region in
the top left is excluded by Higgs searches at LEP. The
green contour line indicates the SUSY contribution to the
anomalous magnetic moment of the muon, δaSUSY

µ . Models

to the left lie within the 2σ window for δaSUSY
µ , cf. Eq. (6).

This paper is organized as follows. In Sec. II, we
review the ẽR LSP parameter space relevant for our
analysis and develop two benchmark scenarios for the
Tevatron. We then apply in Sec. III the most re-
cent DØ trilepton search [8] to the benchmark points
and show the ẽR LSP parameter space excluded by
the Tevatron. In Sec. IV, we give prospects for fu-
ture Tevatron analyses. We conclude in Sec. V. Ap-
pendix A presents the sparticle masses and branching
ratios for our benchmark models.

II. THE SELECTRON LSP IN R-PARITY
VIOLATING MSUGRA

A. Selectron LSP Parameter Regions

The phenomenology and the typical parameter
space of B3 mSUGRA models with a ẽR or µ̃R LSP
was discussed in detail in Ref. [29]. We review here
the parameter space relevant for this work. In Fig. 1
we show a typical B3 mSUGRA parameter region with
a ẽR LSP in the M1/2 − M0 plane. We have chosen
a fairly large negative value of A0 = −1250 GeV, in
order to enhance the (negative) effect of λ231 on the
RGE running of the ẽR mass. The other parameters
are tanβ = 5, sgn(µ) = + as well as λ231 = 0.045
at the GUT scale. We can identify a ẽR, a τ̃1 and a
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B3 mSUGRA parameter SUSY1 SUSY2

M0 [GeV] 0 80

M1/2 [GeV] 400 375

A0 [GeV] −1250 −1250

tanβ 5 5

sgn(µ) + +

λ231|GUT 0.045 0.045

TABLE II. B3 mSUGRA parameters for the benchmark
points SUSY1 and SUSY2.

χ̃0
1 LSP region. The solid gray region at low values of

M1/2 and M0 is excluded by the bound on the LNV
coupling, cf. Table I. The green contour line indicates
the lower value of the 2σ window (using pion spectral
functions from e+e− data2) of the SUSY contribution
to the anomalous magnetic moment of the muon [33],

11.9× 10−10 < δaSUSY
µ < 47.1× 10−10, (6)

i.e. parameter points left of the green line lie within the
2σ window and thus give a significant SUSY contribu-
tion to aµ. Furthermore, the entire displayed region
fulfills the 2σ constraints on the branching ratios of
the decay b → sγ [34],

3.03× 10−4 < B(b → sγ) < 4.07× 10−4, (7)

and the 95% C.L. upper limit on the flavor-changing-
neutral-current (FCNC) decay B0

s → µ+µ− [35],

B(B0
s → µ+µ−) < 3.6× 10−8. (8)

We also consider the bounds from Higgs searches
at LEP on the light Higgs mass [36]. We em-
ploy FeynHiggs2.7.4 [37] for the calculation of the
Higgs mass, as well as its production and decay
properties. The excluded supersymmetric parame-
ter space provided by HiggsBounds2.1.0 [38] is in-
dicated as the patterned region in Fig. 1. We use
SOFTSUSY3.0.13 [39, 40] to calculate the SUSY spec-
trum and the Higgs mass parameters, and employ
micrOMEGAs2.2 [41] to calculate B(b → sγ), B(B0

s →
µ+µ−) and δaSUSY

µ .
In this study, we focus on light ẽR LSP models with

an LSP mass MLSP . 200 GeV. A general feature of
these scenarios is a near mass degeneracy3 of the ẽR
LSP with the lightest stau, τ̃1. Thus, a large portion

2 Note that the SM prediction of aµ is consistent with observa-
tions if one uses spectral functions from τ data [32].

3 A larger mass difference between ẽR and τ̃1 can be obtained
by increasing Λ and/or M1/2. However, larger values of Λ

translate into the need for larger ẽR masses, cf. Table I. Thus,
increasing either Λ or M1/2 leads to heavier scenarios, which
we do not consider here.

of the ẽR LSP region exhibits a τ̃1 NLSP. However,
close to the χ̃0

1 LSP region at larger values of M0, we
have ẽR LSP scenarios with MẽR . Mχ̃0

1
. Mτ̃1 , i.e. a

χ̃0
1 NLSP.

B. Benchmark Scenarios for Tevatron Searches

In this section, we select two benchmark scenarios
which we test explicitly against the DØ trilepton anal-
ysis described in the next section. The B3 mSUGRA
parameters for the two benchmark points, denoted
SUSY1 and SUSY2, are given in Table II. In both
scenarios, the dominant R-parity violating coupling is
λ231 = 0.045 at MGUT.
The benchmark point SUSY1 represents a wide re-

gion of the ẽR LSP parameter space, where the mass
difference between the ẽR LSP and the lightest neu-
tralino, χ̃0

1, is much larger than the mass difference
between the ẽR LSP and the τ̃1 NLSP. The masses
of the ẽR, τ̃1 and χ̃0

1 are 139.1 GeV, 139.6 GeV and
163.3 GeV, respectively. In fact, the next-to-NLSP
(NNLSP) is the right-handed smuon, µ̃R, with a mass
of 156.2 GeV. In contrast, SUSY2 lies in the bound-
ary region to the χ̃0

1 LSP. Here, all three sparticles
ẽR, τ̃1 and χ̃0

1 are nearly degenerate in mass, with
masses 151.5 GeV, 151.6 GeV and 152.8 GeV, respec-
tively. Due to the low mass difference between χ̃0

1 and
ẽR, we expect the electrons from the decay χ̃0

1 → ẽRe
to be fairly soft, such that many do not fulfill the pre-
selection criteria [29]. Detailed tables containing all
sparticle masses and decay modes for these benchmark
models are given in Appendix A. Both SUSY1 and
SUSY2 are chosen such that they are on the edge of
the 2σ lower value of δaSUSY

µ (green line in Fig. 1).

III. CONSTRAINTS FROM THE TEVATRON

At the Tevatron at Fermilab both experiments
DØ [8] and CDF [9, 10] have searched4 for super-
symmetry with final states containing three charged
leptons, using the collected data of proton-antiproton
(pp) collisions at a center-of-mass energy

√
s =

1.96 TeV, corresponding to an integrated luminosity
of 2.3 fb−1 and 3.2 fb−1, respectively. These analy-
ses were designed for the measurement of associated
production of charginos and neutralinos [48] within

4 Note, that also other SUSY searches using the trilepton or
(like-sign) dilepton signature have been performed at DØ and
CDF [44–47]. At the current status, these analyses use at
most a dataset corresponding to 1.1 fb−1. Thus, we do not
expect these searches to be more restrictive than those pre-
sented here.
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R-parity conserving mSUGRA, using exclusive trilep-
ton search channels [11–16]. Some of our lighter mod-
els could have led to an observable excess of events
in these searches. Here we investigate quantitatively
how these experimental analyses constrain the ẽR LSP
parameter space.
We follow the DØ analysis to test the exclusion of

ẽR LSP models. CDF uses a jet veto in the event
selection, which is expected to lead to a reduced sig-
nal efficiency for many ẽR LSP models5. We therefore
concentrate on the DØ search. Furthermore, DØ dis-
tinguishes their search channels by the flavor of the
final state leptons. Since, in our models, the final
state lepton flavor multiplicity depends on the choice
of the Λ coupling, we expect different sensitivities of
the DØ search channels for different choices of Λ.
In the next section we describe how we emulate the

DØ analysis and discuss the major changes to the orig-
inal analysis. We test the two ẽR LSP benchmark
points of Table II against our analysis in Sec. III B.
We then review the results of the DØ analysis and
show the excluded regions of the ẽR LSP parameter
space.

A. The DØ Trilepton Analysis

The DØ search for associated production of
charginos and neutralinos with final states containing
three charged leptons is presented in Ref. [8]. The
analysis is based on pp collision data at a center-of-
mass energy of

√
s = 1.96 TeV corresponding to an

integrated luminosity of 2.3 fb−1, with the exception
of the analysis using identified hadronic τ lepton de-
cays, which is based on 1 fb−1 of data. Four dedicated
trilepton event selections were designed, distinguished
by the lepton content in the final state, i.e. we have
a eeℓ, µµℓ, eµℓ and µτ selection without specification
of the lepton charge. Here the third lepton ℓ corre-
sponds to a reconstructed isolated track without using
the DØ standard lepton identification criteria. The
first three channels are separated into a low-pT and a
high-pT selection, while the µτ channel contains a µτℓ
selection and a µττ selection. In this study, we focus
on the eeℓ, µµℓ and eµℓ channels. The µτ selection
turned out to be insensitive to our models.
In our object reconstruction, we use cone isola-

tion criteria for all leptons, where the cone radius
∆R =

√

(∆φ)2 + (∆η)2 is given by the distance in
pseudorapidity η and azimuthal angle φ. Guided by

5 In order to discriminate the tt background, CDF requires
the scalar sum of the jet transverse energies

∑
ET (jets) ≤

80 GeV and the number of jets N(jets) < 2 [9]. We thus ex-
pect SUSY events from sparton (squark and/or gluino) pair
production to be mostly rejected in the CDF analysis.

the DØ object reconstruction, an electron (muon6)
with pseudorapidity |η| < 3.2 (|η| < 2.0) is consid-
ered as isolated, if the scalar sum of the absolute value
of the transverse momenta of all tracks in a cone of
∆R = 0.4 does not exceed 2.5 GeV. We do not loosen
the reconstruction criteria for the third lepton ℓ but
demand it to be an isolated electron or muon. Jets
are reconstructed with FastJet2.4.1 [50, 51] using
the kt algorithm with R = 0.4 and must be within
|η| < 2.5. In our Monte Carlo (MC) simulation, the
missing transverse energy, /ET , is calculated as the sum
over the transverse momenta of all invisible particles.
In the following, we describe the general features of

the various steps in the event selection. The details
are given in Table III and the specific values should
be taken from this table. For a detailed description
of the cuts and their effect on the SM background, we
refer the reader again to Ref. [8].
First, each selection requires two identified leptons

(ℓ = e, µ) with certain minimum transverse momenta

pℓ1T , pℓ2T (I). If more then two leptons are identified that
satisfy the pT criteria, the two leptons with the highest
pT are considered. Next, constraints on the invariant
mass mℓ1ℓ2 and the opening angle ∆φℓ1ℓ2 of the two
leptons are imposed (II). This is followed in step (III)
by requirements on /ET , the minimal transverse mass

mmin
T = min(mℓ1

T ,mℓ2
T ), where

mℓ
T =

√

2pℓT /ET [1− cos∆φ(ℓ, /ET )], (9)

and HT , which is the scalar sum of the pT of all jets
with pT > 15 GeV. In this step, a further requirement
on Sig( /ET ) is performed in the original DØ analysis,
where Sig( /ET ) is defined for events with at least one
jet as

Sig( /ET ) ≡
/ET

√

∑

jets σ
2(Ej

T ||/ET )
. (10)

Here, σ2(Ej
T ||/ET ) is the jet energy resolution pro-

jected on the 6 ~pT direction, i.e. on the direction of
the missing transverse momentum vector.7 This cut
rejects events with /ET faked by poorly measured jets
and thus significantly reduces the QCD background.
In our approach, we do not apply this cut on Sig( /ET ),
since we do not have a measure of the jet energy res-
olution. However, since the missing transverse energy
stems mostly from the neutrinos coming from the lep-
tonically decaying ẽR LSP, the effect of this cut is ex-
pected to be small.
In step IV, we demand an additional third lepton

with a softer pT requirement. Further cuts on its

6 This isolation criteria corresponds to tight muons in Ref. [8].
7 Note that in Ref. [8] the symbol /~ET is used.
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Selection µµℓ eeℓ eµℓ

low pT high pT low pT high pT low pT high pT

I pℓ1T , pℓ2T > 12, > 8 > 18, > 16 > 12, > 8 > 20, > 10 > 12, > 8a > 15, > 15

mℓ1ℓ2 ∈ [20, 60] ∈ [0, 75] ∈ [18, 60] ∈ [0, 75] - -

II ∆φℓ1ℓ2 < 2.9 < 2.9 < 2.9 < 2.9 - -

/ET > 20 > 20 > 22 > 20 > 20 > 20

Sig( /ET ) > 8 > 8 > 8 > 8 > 8 > 8

mmin
T > 20 > 20 > 20 > 14 > 20 > 15

III HT - < 80 - - - -

IV pℓ3T > 5 > 4 > 4 > 12 > 6 > 6

mℓ3
T > 10 > 10 > 10 > 10 > 10 > 8

V mℓ1,2ℓ3 6∈ [80, 110] - - - < 70 < 70

anti W - - tight likelihoodb - tight likelihoodc

hit in 2 inner layersc

very tight muon isolationd

VI
∑

0.05<∆R<0.4 p
ℓ3
T < 1

/ET × pℓ3T > 200 > 300 > 220 - - -

VII pbalT < 4 < 4 < 4 < 4 < 2 < 2

a p
ℓ1
T and p

ℓ2
T are electron and muon pT , respectively.

b for p
ℓ3
T < 15 GeV

c for m
µ
T ∈ [40, 90] GeV

d for me
T ∈ [40, 90] GeV

TABLE III. DØ selection criteria for the µµl, eel and eµl analyses for the low-pT selection and the high-pT selection, see
text and Ref. [8] for further details. All energies, masses and momenta are in GeV, angles are in radians. We apply all
cuts except the cut on Sig( /ET ) in step III and the anti W requirements in step VI (both marked in gray).

transverse mass mℓ3
T and the invariant masses mℓ1,2,ℓ3

of the third lepton with one of the preselected lep-
tons are applied (V). For some channels in the original
DØ analysis, step (VI) includes further lepton quality
requirements using likelihood discriminants in order to
reduce background from W boson production, where
the second lepton is faked by jets or photons. This
step is skipped in our approach, since this requires a
more detailed simulation of the detector, beyond the
scope of this work. In the last step (VII) we apply a
cut on the product of the third lepton pT and /ET as
well as on the pT balance

pbalT =
|~p ℓ1

T + ~p ℓ2
T + ~/pT |

pℓ3T
. (11)

B. DØ Results and a Test of two Benchmark
Scenarios

In order to test whether our benchmark models are
excluded, we have generated 2000 signal events, i.e.
the pair production of all SUSY particles, scaled to an
integrated luminosity of 2.3 fb−1 and apply the sim-
plified DØ analysis described above. We employ the
Feldman & Cousins method [49] to set 90% C.L. upper
limits given the number of expected background events

Signal cross section (in fb) SUSY1 SUSY2

σ(pp → sparton pairs) 1.5± 0.1 8.3± 0.2

σ(pp → slepton pairs) 8.5± 0.2 6.5± 0.1

σ

(

pp → gaugino pairs,

gaugino-sparton

)

3.8± 0.1 6.1± 0.1

σ(pp → sparticle pairs) 13.8± 0.2 20.9± 0.2

TABLE IV. Leading-order (LO) signal cross sections for
pp̄ collisions at a center-of-mass energy of

√
s = 1.96 TeV

for the benchmark scenarios SUSY1 and SUSY2. We give
the cross section of sparton (i.e. squark and gluino) pair,
slepton pair and electroweak (EW) gaugino pair / EW
gaugino-sparton production separately. The last row gives
the total sparticle pair production cross section, which is
the signal process. We employed HERWIG6.510 to derive the
LO cross sections and for the event simulation. The un-
certainties are due to statistical fluctuations from HERWIG.

and the number of observed events, both taken from
the DØ paper [8]. In those cases where the number
of observed events is smaller than the expected back-
ground, we take as the upper limit the 90% C.L. sen-
sitivity, defined as the average upper limit that would
be obtained by an ensemble of experiments with the
expected background and no true signal, and given in
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Selection µµℓ eeℓ eµℓ

Data Backgrd. SUSY1 SUSY2 Data Backgrd. SUSY1 SUSY2 Data Backgrd. SUSY1 SUSY2

I 194006 195557 ± 177 6.6 17.8 235474 232736 ± 202 19.8 11.7 16630 16884 ± 75 12.6 18.2

II 22766 26067 ± 88 1.4 4.2 31365 27184 ± 64 4.8 2.8

III 178 181 ± 6.4 1.2 3.9 515 212 ± 12 4.3 2.6 1191 1177 ± 20 11.1 16.9

IV 7 2.9 ± 0.7 1.0 2.8 16 9.3 ± 2.0 3.0 1.3 22 18.0 ± 1.2 9.9 11.0

V 4 2.2 ± 0.5 0.6 2.4 9 5.9 ± 1.7 2.8 1.3 3 3.5 ± 0.5 3.8 3.9

VI 6 3.1 ± 0.4 2 1.6 ± 0.4

VII 4 1.2 ± 0.2 0.5 1.8 2 1.8 ± 0.2 2.4 1.2 2 0.8 ± 0.2 1.2 1.0

TABLE V. Numbers of events observed in the data and expected for the background (taken from Ref. [8]) and numbers
of signal (SUSY1 and SUSY2, see text) events at various stages of the analysis for the µµℓ, eel and eµℓ channels and the
low-pT selection. Each row corresponds to a group of cuts, as detailed in Table III. This is for an integrated luminosity
of 2.3 fb−1.

Selection µµℓ eeℓ eµℓ

Data Backgrd. SUSY1 SUSY2 Data Backgrd. SUSY1 SUSY2 Data Backgrd. SUSY1 SUSY2

I 140417 141781 ± 120 5.4 16.2 171001 170197 ± 175 19.0 11.1 4617 4709 ± 23 10.6 17.0

II 10349 10645 ± 51 1.9 5.6 8273 7937 ± 39 6.8 3.9

III 173 176 ± 5.7 1.2 3.7 244 264 ± 10 6.4 3.8 727 738 ± 11 9.8 16.0

IV 7 3.8 ± 0.5 0.9 2.8 0 1.5 ± 0.3 3.9 1.8 11 12.7 ± 0.9 8.8 10.3

V 4 2.9 ± 0.4 0.9 2.8 0 1.1 ± 0.3 3.7 1.8 2 2.8 ± 0.5 3.3 3.6

VI 0 1.0 ± 0.2

VII 4 2.0 ± 0.3 0.9 2.4 0 0.8 ± 0.1 3.4 1.7 0 0.5 ± 0.1 0.9 1.0

TABLE VI. Same as Table V, but for the high-pT selection. Signal event yields that exceed the 90% C.L. upper exclusion
bound are bold-face.

Table XII in Ref. [49]8. We claim a 90% C.L. exclusion
of the SUSY scenario, if the number of signal events
exceeds this upper confidence limit in any step of the
event selection. We do this comparison separately for
all four9 selection channels in order to gain some in-
sight into their sensitivity to our models. Note that
in this method, systematic uncertainties are not taken
into account. For the calculation of the Feldman &
Cousins confidence limits we employ ROOT [52].
For the simulation, we use SOFTSUSY3.0.13 [39, 40]

to calculate the SUSY mass spectra. The SOFTSUSY

output is fed into ISAWIG1.200 and ISAJET7.64 [53]
in order to calculate the decay widths of the SUSY par-
ticles including the relevant R-parity violating decays.
We have also added some missing three-body slepton
decays to the ISAJET code; see Ref. [29] for details.
The signal process, i.e. sparticle pair production, was
simulated with HERWIG6.510 [54–56].
For the two benchmark models, the leading-order

(LO) cross sections of the following supersymmetric
production processes are given in Table IV: sparton

8 For the number of expected background events > 15, we ap-
proximate the sensitivity by the Feldman & Cousins upper
limit for Nobs = Nbkg. This is only relevant for the extrapo-

lation to 10 fb−1 in Sec. IV.
9 As mentioned before, the fourth channel including τ leptons
is insensitive. Thus we do not present the results for this
specific channel here.

(i.e. squark and gluino) pair production, slepton pair
production and electroweak (EW) gaugino pair as well
as EW gaugino-sparton production. For the point
SUSY1, sparticle production is dominated by slepton
and gaugino production. In contrast, for SUSY2 the
sparton production dominates due to the low mass of
the lightest stop, Mt̃1 = 304.9 GeV, which decays ex-
clusively to the lightest chargino and a bottom quark,
cf. Table VIII.
Note, that higher order corrections usually enhance

SUSY and SM particle production at hadron colliders
by several tens of percent [48, 57, 58]. Therefore, as a
conservative approach, we only use the LO cross sec-
tion for the signal, while the SM di-boson, Υ, tt̄ and
W+jet background in the DØ analysis [8] is normal-
ized to the next-to-leading (NLO) cross section. The
Drell-Yan background is even normalized to the next-
to-NLO (NNLO) cross section and the multijet back-
ground is estimated directly from DØ data10. After
all selection criteria are applied, the SM background
is dominated by WZ production.
In Table V and Table VI, we review the results from

the DØ analysis and compare them with the results for
the two B3 mSUGRA models SUSY1 and SUSY2 for
the low-pT and the high-pT selections, respectively.

10 Unfortunately, Ref. [8] gives no references for the NLO and
NNLO cross sections used in their analysis.
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In all selections, the signal event yield for both
benchmark scenarios is . 20 events after the two lep-
ton requirement (step I) and for an integrated lumi-
nosity of 2.3 fb−1. Thus, the event yields in the first
steps (I-III) of the analysis are dominated by the over-
whelming SM background. The analysis becomes sen-
sitive to the signal once we require the third lepton
(step IV and beyond). Then, the SM background is
reduced to O(1−20) expected events. We now discuss
in detail the DØ results and the signal event yields of
the different selections after step IV of the analysis
was performed.

In the µµℓ channel (in both the low-pT and high-
pT selection), the number of events observed by DØ is
larger than the number of expected events from the
SM background for all steps beyond cut IV. Therefore,
this channel has intrinsically a less restrictive impact
on the SUSY models. We expect only O(1 − 3) sig-
nal events beyond step IV for both benchmark points.
Hence, the µµℓ channel cannot exclude the SUSY1 and
SUSY2 models.

Note, that SUSY2 yields roughly three times as
many events in this selection as SUSY1. This is due to
the enhanced t̃1 pair production and their decay to the
lightest chargino, as mentioned above. The chargino
decays to the ν̃µ and a muon 21% of the time, leading
to an enhanced number of muons in the signal. How-
ever, in the µµℓ high-pT selection, most of the sig-
nal events from sparton-pair production are rejected
by the HT cut in step III. This reduces in particular
the SUSY2 event yield, since here the production of
sparton-pairs comprises 40% of the signal cross sec-
tion, cf. Table IV.

In the eeℓ channel, the number of observed events is
larger (lower) than the number of expected SM back-
ground events in the low-pT (high-pT ) selection for all
steps beyond cut IV. For both benchmark scenarios
we expect O(1− 4) signal events in these steps of the
analysis. Furthermore, the number of expected signal
events for SUSY1 is roughly two times more than for
SUSY2. This is because in SUSY2 the mass difference
between the χ̃0

1 and the ẽR LSP is small. Therefore,
the electrons from the decay χ̃0

1 → ẽRe tend to be soft
and fail to pass the pT criteria in step I of the eel se-
lection. The SUSY1 event yield exceeds the 90% C.L.
upper bound in step VII of the high-pT eeℓ selection
and is therefore excluded by the DØ trilepton search.

For the low-pT selection of the eµℓ channel, the
number of observed events tends to be larger than the
number of expected SM background events, whereas in
the high-pT selection, the number of observed events
is slightly less. Both the SUSY1 and SUSY2 event
yield exceed the 90% C.L. upper limit in step IV of
the eµℓ high-pT selection. The following steps in the
eµℓ channel (step V and beyond) are not as sensitive
to our models as step IV, because the cut on the dilep-
ton invariant masses in step V significantly reduces the

signal.
In general, the B3 mSUGRA parameter region close

to a χ̃0
1 LSP is more difficult to exclude due to the soft

electrons. For instance, in step IV of the eµℓ low-pT se-
lection, the 90% C.L. upper limit is 13.0 events, while
we expect 11.0 signal events for SUSY2. However, if
we modify the M0 value of SUSY2 from 80 GeV to
75 GeV, i.e. we basically change the mass difference
between χ̃0

1 and ẽR from 1.3 GeV to 3.7 GeV, the num-
ber of expected signal events increases to 15.2 events
and the model is excluded.
We conclude, that the DØ analysis using 2.3 fb−1 of

integrated luminosity excludes both benchmark points
SUSY1 and SUSY2 at 90% C.L.. The most restrictive
channels for ẽR LSP models with a dominant λ231 cou-
pling are the eeℓ high-pT selection (in step VII) and
the eµℓ high-pT selection (in step IV). In the next sec-
tion, we determine the excluded regions of the ẽR LSP
parameter space.

C. Excluded Selectron LSP Parameter Space

We now apply the DØ analysis to a more exten-
sive ẽR LSP parameter region. For this, we per-
form a scan in the M1/2 − M0 plane with M1/2 ∈
[350 GeV, 500 GeV] in steps of ∆M1/2 = 5 GeV and
M0 ∈ [0 GeV, 120 GeV] in steps of ∆M0 = 2.5 GeV.
We retain λ231 = 0.045 at MGUT. The other B3

mSUGRA parameter values are A0 = −1250 GeV,
tanβ = 5 and sgn(µ) = +. The scanned ẽR LSP
parameter region was already discussed in Sec. II A,
cf. Fig. 1. For each parameter point with a ẽR LSP,
2000 signal events were generated and scaled to an in-
tegrated luminosity of 2.3 fb−1. Then the eeℓ, µµℓ
and eµℓ low-pT and high-pT event selections were ap-
plied11. At each step of the event selection, the num-
ber of passed events is compared with the DØ results
as described above. We make this comparison for all
event selection steps once the third lepton is required,
i.e. for step IV and beyond, cf. Table III.
In the following figures, the patterned gray regions

mark parameter points with either a neutralino or stau
LSP (as indicated in the figures) which are not consid-
ered here. The solid gray region exhibits a LSP mass
of MẽR . 136 GeV and is thus excluded by the bound
on the λ231 coupling, cf. Table I. The mass of the ẽR
LSP (in GeV) is given by the gray contour lines.
In Fig. 2 we give the parameter region that is ex-

cluded at 90% C.L. with 2.3 fb−1 of analyzed data.
We discuss each channel and pT selection separately.

11 We did the same for the µτ selection for an integrated lu-
minosity of 1.0 fb−1. However, this channel is not capable
of excluding any ẽR LSP parameter space. Thus, we do not
show any results for the µτ channels.
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Fig. 2(a) [Fig. 2(b)] shows the low-pT [high-pT ] selec-
tion of the eeℓ and eµℓ channel. The µµℓ channel does
not exclude any ẽR LSP parameter space.
The LSP decays to 50% to a (hard) muon and a neu-

trino. Thus, the eµℓ selection is very sensitive to these
models and can exclude ẽR LSP scenarios with ẽR
masses up to 150 GeV (155 GeV) and squark masses
up to 850 GeV (880 GeV) with the low-pT (high-pT )
selection12. The sensitivity decreases for lower mass
differences of the χ̃0

1 and the ẽR due to the softer
electrons, as can be seen in all displayed channels in
Fig. 2(a) and Fig. 2(b). Especially the eeℓ channel
becomes insensitive in this boundary region.
Comparing the excluded ẽR parameter region in

Fig. 2 with Fig. 1, we conclude that ẽR LSP scenarios
with a significant contribution to the anomalous mag-
netic moment of the muon (region to the left of the
green line in Fig. 1) are excluded at 90% C.L. by the
DØ search with 2.3 fb−1 of analyzed data13.

IV. PROSPECTS FOR FUTURE TEVATRON
SEARCHES

Both Tevatron experiments DØ and CDF acquired
∼ 10 fb−1 of data by the end of 2010. Therefore,
we extrapolate the current DØ results to study the
prospects of an exclusion of ẽR LSP models, using data
corresponding to an integrated luminosity of 10 fb−1.
We assume that the events after each selection step

in each channel are observed in the same rate as given
by the results with integrated luminosity of 2.3 fb−1,
cf. Table V and Table VI. Then, we can extrapolate
the data to the higher integrated luminosity of 10 fb−1.
By applying the same method as in the previous sec-
tion, we determine the 90% C.L. sensitivity region,
i.e. the supersymmetric parameter region which would
lead to a significant deviation from the extrapolated
data, assuming no discrepancies are observed.

12 Recall that we only employ the LO cross sections for the signal
as a conservative approach. We have explicitly checked with
the help of Prospino2.1 [60, 61] that the NLO signal cross
section is always larger than the (fixed) LO one from HERWIG

in the relevant regions of parameter space. This statement
is also true if we vary the renormalization and factorization
scale of the NLO signal cross sections by a factor of 2 and
1/2 around the default central value [60, 61]. Therefore, our
conclusions are also stable with respect to uncertainties from
higher order corrections.

13 The DØ search rules out all other regions of the B3 mSUGRA
parameter space with a ẽR LSP consistent with aµ (beyond
Fig. 1). For tan β . 4 these scenarios are ruled out by the
LEP Higgs mass bounds. For tan β & 5.2 the τ̃1 is the LSP.
A0 is strongly constrained by the requirements presented in
Ref. [29] and sgn(µ) = − is totally ruled out, because SUSY
will then give a negative contribution to aµ [33]. If we go
beyond B3 mSUGRA then there is still a large parameter
region with a ẽR LSP allowed [29].

In Fig. 3 we present the ẽR LSP parameter space,
which can potentially be excluded with a future inte-
grated luminosity of 10 fb−1. The parameter space is
the same as in Fig. 2. The 90% C.L. sensitivity re-
gions for the channels eeℓ, eµℓ and µµℓ are given by
the contour lines for the low-pT (Fig. 3(a)) and high-
pT (Fig. 3(b)) selection.
The most sensitive channels are the eµℓ and eeℓ

high-pT selections, which may exclude scenarios with
M1/2 . 450 GeV with future data, assuming no devi-
ation from the SM prediction is observed. This cor-
responds to LSP masses MẽR . (160− 170) GeV and
squark masses Mq̃ . (900 − 950) GeV. As expected,
the eµℓ selections are more efficient than the eeℓ chan-
nels for scenarios with low mass difference between the
χ̃0
1 and the ẽR. The µµℓ channel may become sensi-

tive for models with M1/2 ≈ (370−380) GeV, because

then the t̃1 decays dominantly via t̃1 → χ̃+
1 b, and the

decay of the chargino leads to an enhanced muon mul-
tiplicity, cf. Table VIII. However, if the events are
observed at the same rate as in the current data, the
µµℓ channel will not play a major rôle in testing ẽR
LSP scenarios.
The DØ analysis used in this paper, was opti-

mized for associated chargino and neutralino produc-
tion within R-parity conserving supersymmetry. We
point out, that larger regions of the selectron LSP pa-
rameter space (compared to this paper) can be investi-
gated by the Tevatron collaborations if they optimize
their cuts more towards our scenarios. For example, a
harder cut on the muon transverse momentum will in-
crease the signal to background ratio. In our models,
the muons usually stem from the decay of the (heavy)
selectron LSP into two Standard Model particles and
thus have larger momenta. Similarly, a harder cut on
6ET will help, since we have hard neutrinos stemming
from the selectron or lightest stau decay and leading
to a sizable amount of missing energy [29]. We point
out that an upper cut on HT , i.e. the scalar sum of the
transverse momenta of all jets, should not be applied,
because in large regions of the selectron LSP parame-
ter space, sparton pair production, which leads to hard
jets in the final state, occurs at a significant rate.
We conclude this section by pointing out, that the

DØ analysis is sensitive to an extended ẽR LSP pa-
rameter space with future data. Under the (strong)
assumption, that we can linearly extrapolate the re-
sults given for an integrated luminosity of 2.3 fb−1 to
a higher integrated luminosity, ẽR LSP scenarios with
M1/2 . 450 GeV may be probed with 10 fb−1.

V. SUMMARY AND CONCLUSION

A right-handed selectron is a natural candidate for
the LSP within the B3 mSUGRA model. If these or
similar models are realized in nature, they usually pro-
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(b) Excluded ẽR LSP parameter space with the high-pT
selections.

FIG. 2. Excluded regions (90% C.L.) of the ẽR LSP parameter space by the DØ trilepton analysis with 2.3 fb−1 of
data. We choose λ231 = 0.045 as the dominant LNV coupling at MGUT. The other parameters are A0 = −1250 GeV,
tanβ = 5 and sgn(µ) = +. The colored contour lines give the excluded region by the different channels: In Fig. 2(a) they
correspond to the eel (red, dashed) and eµl (blue, dotted) low-pT selections, while in Fig. 2(b) they are shown for the
same channels in the high-pT selection. The gray dotted contour lines give the LSP mass, MẽR , in GeV, as indicated by
the labels.
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ẽR-LSP

low pT selection90% C.L. sens.

(a) ẽR LSP sensitivity region with the low-pT selections.
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FIG. 3. Extrapolated sensitivity regions (90% C.L.) of the ẽR LSP parameter space for the DØ trilepton analysis with
future data corresponding to an integrated luminosity of 10 fb−1. The parameter regions are the same as in Fig. 2. The
colored contour lines give the sensitivity of the different channels: In Fig. 3(a) they correspond to the eel (red, dashed)
and eµl (blue, dotted) low-pT selections, while in Fig. 3(b) they are shown for the same channels in the high-pT selection.
Furthermore, the fine dotted, green contour line in Fig. 3(b) gives the sensitivity of the µµl high-pT selection. The gray
dotted contour lines give the LSP mass, MẽR , in GeV, as indicated by the labels.
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duce a strong signal of multi charged lepton final states
at hadron colliders like the Tevatron. On the one hand,
each selectron LSP decay produces one hard charged
lepton and missing energy. On the other hand, the de-
cays of heavier SUSY particles into the selectron lead
to additional charged leptons.
We have investigated the bounds on these models

from the most recent DØ trilepton search (using an in-
tegrated luminosity of 2.3 fb−1). The non-observation
of any events beyond the Standard Model expecta-
tion puts stringent bounds on our models. We found
that scenarios with selectron LSP (squark) masses of
up to 155 GeV (880 GeV) are excluded. We also
found that the selectron LSP region consistent with
the anomalous magnetic moment of the muon at 2σ
(using spectral functions from e+e− data) is ruled out
by the DØ analysis. Thus, parameter regions outside
B3 mSUGRA should also be considered, for example,
non-universal scalar masses.
We then extrapolated the DØ trilepton search to

larger statistics, i.e. assuming an integrated luminos-
ity of 10 fb−1. If no excess over the Standard Model ex-
pectations is observed, the Tevatron will be able to ex-
clude selectron LSP models with a selectron (squark)
mass of up to 170 GeV (950 GeV).
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Appendix A: Sparticle Masses and Branching
Ratios of the Benchmark Models

The benchmark scenarios SUSY1 and SUSY2 pos-
sess a light sparticle mass spectrum. Therefore, the
SUSY contribution to the anomalous magnetic mo-
ment of the muon, δaSUSY

µ , agrees within 2σ with the
discrepancy between the SM prediction and the ob-
servation, cf. Eq. (6). In both benchmark scenarios,
SUSY1 and SUSY2, the τ̃1 NLSP is nearly mass de-
generate with the ẽR LSP and exclusively undergoes
the R-parity violating decay τ̃1 → eν̃µ. The electrons
from this decay usually have a high momentum.
In Table VII, we give the sparticle mass spectrum

and the dominant decay modes for SUSY1 (M0 =
0 GeV, M1/2 = 400 GeV, A0 = −1250 GeV, tanβ =
5, sgn(µ) = +, λ231|GUT = 0.045). The ẽR LSP mass

is about 139 GeV. Due to the low M0 value, the mass
difference between the χ̃0

1 next-to-NNLSP (NNNLSP)
and the ẽR LSP is about 24 GeV and thus fairly large.
The right-handed smuon, µ̃R, is the NNLSP and un-
dergoes three-body decays into the ẽR LSP and τ̃1
NLSP. These decays are discussed in detail in Ref. [29]
and usually yield a low-pT muon. The lightest stop,
t̃1, has a mass of 366 GeV and decays preferably into
the χ̃0

1 and a t quark. The first and second generation
squarks have masses around 820 − 860 GeV and the
gluino mass is 934 GeV.
The sparticle mass spectrum and branching ratios

of SUSY2 (M0 = 80 GeV, M1/2 = 375 GeV, A0 =
−1250 GeV, tanβ = 5, sgn(µ) = +, λ231|GUT =
0.045) are given in Table VIII. This scenario lies near
the χ̃0

1 LSP region and thus the χ̃0
1 NNLSP, the τ̃1

NLSP and the ẽR LSP have nearly degenerate masses
around 152 GeV. We have a fairly light t̃1 with a mass
of 305 GeV. The t̃1 decay into the χ̃0

1 and a t quark
is kinematically forbidden and t̃1 → χ̃±

1 b is the only
decay mode. The squarks of the first and second gen-
eration have masses around 780 − 820 GeV and the
mass of the gluino is 881 GeV.
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mass [GeV] channel BR channel BR

ẽ−
R

139.1 µ−ντ 50% τ−νµ 50%

τ̃−

1
139.6 e−ν̄µ 100%

µ̃−

R
156.2 ẽ+

R
e−µ− 30.2% ẽ−

R
e+µ− 25.1%

τ̃+

1
τ−µ− 24.4% τ̃−

1
τ+µ− 20.3%

χ̃0
1 163.3 ẽ−

R
e+ 24.7% ẽ+

R
e− 24.7%

τ̃−

1
τ+ 22.9% τ̃+

1
τ− 22.9%

µ̃−

R
µ+ 2.4% µ̃+

R
µ− 2.4%

ν̃τ 254.9 χ̃0
1ντ 63.9% W+τ̃−

1
24.1%

e−µ+
12.1%

ν̃µ 258.1 χ̃0
1νµ 84.5% e−τ+

15.5%

ν̃e 262.9 χ̃0
1νe 100%

µ̃−

L
269.3 χ̃0

1µ
− 84.2% e− ν̄τ 15.8%

τ̃−

2
269.6 χ̃0

1τ
− 63.7% H0 τ̃−

1
13.1%

Z0 τ̃−

1
12.8% e− ν̄µ 10.5%

ẽ−
L

273.9 χ̃0
1e

− 100%

χ̃0
2 311.1 ¯̃ντντ 10.8% ν̃τ ν̄τ 10.8%

¯̃νµνµ 9.7% ν̃µν̄µ 9.7%

¯̃νeνe 8.1% ν̃eν̄e 8.1%

µ̃−

L
µ+ 6.6% µ̃+

L
µ− 6.6%

τ̃−

2
τ+ 6.3% τ̃+

2
τ− 6.3%

ẽ−
L
e+ 5.4% ẽ+

L
e− 5.4%

τ̃−

1
τ+ 2.7% τ̃+

1
τ− 2.7%

χ̃−

1
311.2 ¯̃νττ

− 22.3% ¯̃νµµ
− 20.0%

¯̃νee
− 16.9% µ̃−

L
ν̄µ 12.7%

τ̃−

2
ν̄τ 12.1% ẽ−

L
ν̄e 10.3%

τ̃−

1
ν̄τ 5.0%

t̃1 365.8 χ̃0
1t 69.1% χ̃+

1
b 30.9%

b̃1 706.3 W− t̃1 78.5% χ̃−

1
t 12.8%

χ̃0
2b 8.2%

t̃2 790.6 Z0 t̃1 55.3% H0 t̃1 22.9%

χ̃+

1
b 14.3% χ̃0

2t 1.2%

χ̃0
3 819.8 t̃1 t̄ 26.5% t̃∗1t 26.5%

χ̃−

1
W+ 14.2% χ̃+

1
W− 14.2%

χ̃0
2Z

0 12.6% χ̃0
1Z

0 3.7%

χ̃0
2H

0 1.0%

b̃2 821.5 χ̃0
1b 59.3% W− t̃1 36.8%

χ̃−

1
t 2.0% χ̃0

2b 1.2%

d̃R (s̃R) 824.2 χ̃0
1d(s) 100%

ũR (c̃R) 826.3 χ̃0
1u(c) 100%

χ̃−

2
828.0 t̃∗1b 57.5% χ̃0

2W
− 12.9%

χ̃−

1
Z0 12.4% χ̃−

1
H0 11.6%

χ̃0
1W

− 3.3%

χ̃0
4 828.3 t̃1 t̄ 34.7% t̃∗1t 34.7%

χ̃−

1
W+ 9.0% χ̃+

1
W− 9.0%

χ̃0
2H

0 7.5% χ̃0
1H

0 2.2%

ũL (c̃L) 856.3 χ̃+

1
d(s) 65.9% χ̃0

2u(c) 32.9%

χ̃0
1u(c) 1.2%

d̃L (s̃L) 859.8 χ̃−

1
u(c) 65.5% χ̃0

2d(s) 32.8%

χ̃0
1d(s) 1.7%

g̃ 933.8 t̃1 t̄ 23.4% t̃∗1t 23.4%

b̃1b̄ 9.2% b̃∗1b 9.2%

b̃2b̄ 2.6% b̃∗2b 2.6%

d̃Rd̄(s̃Rs̄) 2.5% d̃∗

Rd(s̃∗Rs) 2.5%

ũRū(c̃Rc̄) 2.4% ũ∗

Ru(c̃∗Rc) 2.4%

ũLū(c̃Lc̄) 1.3% ũ∗

Lu(c̃∗Lc) 1.3%

d̃Ld̄(s̃Ls̄) 1.2% d̃∗

Ld(s̃∗Ls) 1.2%

TABLE VII. Branching ratios (BRs) and sparticle masses
for the benchmark scenario SUSY1. BRs smaller than
1% are neglected. R-parity violating decays are shown
in bold-face. Masses which are reduced by more than 5
GeV (compared to the R-parity conserving spectrum) due
to λ231|GUT = 0.045 are also shown in bold-face.

mass [GeV] channel BR channel BR

ẽ−
R

151.5 µ−ντ 50% τ−νµ 50%

τ̃−

1
151.6 e− ν̄µ 100%

χ̃0
1 152.8 ẽ−

R
e+ 50%% ẽ+

R
e− 50%

µ̃−

R
167.3 χ̃0

1µ
− 100%

ν̃τ 250.4 χ̃0
1ντ 75.7% e−µ+

12.6%

W+τ̃−

1
11.7%

ν̃µ 253.7 χ̃0
1νµ 86.1% e−τ+

13.9%

ν̃e 258.5 χ̃0
1νe 100%

µ̃−

L
265.0 χ̃0

1µ
− 85.5% e−ν̄τ 14.5%

τ̃−

2
265.6 χ̃0

1τ
− 80.6% e−ν̄µ 11.6%

Z0 τ̃−

1
7.7%

ẽ−
L

269.6 χ̃0
1e

− 100%

χ̃0
2 291.0 ¯̃ντντ 12.0% ν̃τ ν̄τ 12.0%

¯̃νµνµ 10.3% ν̃µν̄µ 10.3%

¯̃νeνe 7.9% ν̃eν̄e 7.9%

µ̃−

L
µ+ 5.5% µ̃+

L
µ− 5.5%

τ̃−

2
τ+ 5.0% τ̃+

2
τ− 5.0%

τ̃−

1
τ+ 4.7% τ̃+

1
τ− 4.7%

ẽ−
L
e+ 3.8% ẽ+

L
e− 3.8%

χ̃0
1H

0 1.0%

χ̃−

1
291.0 ¯̃ντ τ

− 24.8% ¯̃νµµ
− 21.3%

¯̃νee
− 16.4% µ̃−

L
ν̄µ 10.5%

τ̃−

2
ν̄τ 9.6% τ̃−

1
ν̄τ 8.9%

ẽ−
L
ν̄e 7.2% χ̃0

1W
− 1.0%

t̃1 304.9 χ̃+

1
b 100%

b̃1 661.6 W− t̃1 80.9% χ̃−

1
t 11.2%

χ̃0
2b 7.5%

t̃2 750.2 Z0 t̃1 57.1% H0 t̃1 22.2%

χ̃+

1
b 13.2% χ̃0

2t 5.4%

χ̃0
1t 1.2%

b̃2 779.1 χ̃0
1b 56.7% W− t̃1 39.3%

χ̃−

1
t 1.9% χ̃0

2b 1.2%

d̃R (s̃R) 781.9 χ̃0
1d(s) 100%

ũR (c̃R) 783.7 χ̃0
1u(c) 100%

χ̃0
3 793.9 t̃1 t̄ 28.5% t̃∗1t 28.5%

χ̃−

1
W+ 13.0% χ̃+

1
W− 13.0%

χ̃0
2Z

0 11.4% χ̃0
1Z

0 3.3%

χ̃0
2H

0 1.0%

χ̃−

2
802.1 t̃∗1b 60.4% χ̃0

2W
− 11.9%

χ̃−

1
Z0 11.5% χ̃−

1
H0 10.7%

χ̃0
1W

− 3.0%

χ̃0
4 802.4 t̃1 t̄ 36.1% t̃∗1t 36.1%

χ̃−

1
W+ 8.2% χ̃+

1
W− 8.2%

χ̃0
2H

0 6.7% χ̃0
1H

0 2.0%

ũL (c̃L) 811.4 χ̃+

1
d(s) 66.0% χ̃0

2u(c) 33.0%

χ̃0
1u(c) 1.0%

d̃L (s̃L) 815.0 χ̃−

1
u(c) 65.5% χ̃0

2d(s) 32.8%

χ̃0
1d(s) 1.7%

g̃ 881.0 t̃1 t̄ 24.7% t̃∗1t 24.7%

b̃1 b̄ 9.5% b̃∗1b 9.5%

b̃2 b̄ 2.4% b̃∗2b 2.4%

d̃Rd̄(s̃R s̄) 2.3% d̃∗

Rd(s̃∗Rs) 2.3%

ũRū(c̃Rc̄) 2.2% ũ∗

Ru(c̃∗Rc) 2.2%

ũLū(c̃Lc̄) 1.2% ũ∗

Lu(c̃∗Lc) 1.2%

d̃Ld̄(s̃Ls̄) 1.1% d̃∗

Ld(s̃∗Ls) 1.1%

TABLE VIII. Same as Table VII, but for the benchmark
point SUSY2.
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