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Slepton production from gauge boson fusion
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We emphasize that charged slepton pairs produced via vector-boson fusion along with two high-mass, high-
pT forward and backward jets~in two opposite hemispheres! can have a higher production cross section for
heavy slepton masses than that from conventional Drell-Yan production at a hadronic collider such as the
CERN LHC. We analyze the signal and leading backgrounds in detail in the minimal supersymmetric standard
model with conserved baryon and lepton numbers. Our investigation reveals that the mass reach of the
vector-boson fusion channel is certainly an improvement over the scope of the Drell-Yan mode.
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I. INTRODUCTION

Vector-boson fusion~VBF! at hadronic machines such a
the Large Hadron Collider~LHC! at CERN has been sug
gested as a useful channel for studying Higgs boson sign
The characteristic features of this mechanism are two hig
energetic quark jets, produced in the forward and backw
directions in opposite hemispheres of the detector and ca
ing a large invariant mass. The absence of color excha
between these two jets ensures a suppression of had
activity in the central region@1#, contrary to the case of typi
cal QCD backgrounds. Though it was originally proposed
a signal for a heavy Higgs boson@2,3#, the usefulness of the
VBF channel in detecting an intermediate mass Higgs bo
has also been subsequently demonstrated@4#.

Some recent works@5# have further pointed out the effec
tiveness of this channel in the context of new phys
searches, particularly for new particles that do not inter
strongly. Perhaps the best example is afforded by supers
metric theories, wherein conventional search strategies
neutralinos and charginos may run into difficulties, at le
for a significant part of the parameter space. Encouraged
the success of the VBF channel in exploring such cases
investigate here its efficacy in the search for the supers

metric partners of the leptons, namely, the sleptons (,̃). This
is of particular interest as the conventional search strate
for such particles at the LHC are not very promising, es
cially for slepton masses above 300 GeV or so. In fact, dir
pair production of sleptons via the Drell-Yan~DY!process
has been investigated extensively in the literature@6,7#. At
the Fermilab Tevatron and the LHC, the corresponding ne
to-leading order~NLO! production cross sections fall belo
1 fb for slepton masses above 200 and 500 GeV, respecti
@7#. Within, e.g., the minimal supergravity~MSUGRA! sce-
nario, such sleptons would decay mainly into a charged

ton (,) and the lightest neutralino (x̃1
0), thus resulting in an
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ls.
ly
rd
y-
ge
nic

s

n

s
ct
m-
or
t

by
e
-

es
-

ct

t-

ly

p-

opposite-sign dilepton pair with missing energy.1 As can be
expected, the upper limit of the corresponding mass reac
quite low (;250 GeV at the LHC! @6#.

In the present work, we want to investigate whether
above mass limit can be improved at the LHC when we
the VBF channel for slepton production. Slepton pair p
duction viaWWfusion has been discussed earlier in Ref.@9#,
and more recently, in the special context of anomaly me
ated SUSY breaking, in@10#. It is needless to mention tha
the VBF channel is suppressed by four powers ofgEW, the
electroweak~EW! coupling, with respect to the DY mode
However, for the latter, the cross section falls rather fast w
the slepton mass, whereas one should expect a milder de
dence onm,̃ in VBF. We will only consider pair production
of charged sleptons (,̃L , ,̃R) along with two forward and
backward jets. In most of the following analysis, we w
assume the general minimal supersymmetric standard m
~MSSM! with parameters defined at the EW scale, as we w
not adhere to any particular SUSY-breaking scenario
make no assumption related to any high mass scale phy
other than adopting gauge coupling unification. This impl
that whereas the slepton masses are free parameters i
analysis, the neutralino masses and couplings are comple
specified by theSU(2) gaugino massM2, the Higgs~ino!
mass parameterm and tanb, the ratio of the two Higgs
vacuum expectation values arising in the MSSM. The o
constraints on this set of parameters are the experime
ones, most notably those imposed by the LEP analyses
the very end, we will try to correlate our results to th
MSUGRA parameter space.

The plan of the article is as follows. In Sec. II, we wi
discuss in detail the nature of the proposed signal and
various features. Section III will be devoted to a discuss

1Slepton pair production has also been investigated in the cas
gauge mediated supersymmetry~SUSY! breaking @8# where the
third generation of sleptons has a very distinct decay signature
©2003 The American Physical Society07-1
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FIG. 1. Generic parton level diagrams leading to slepton pair production through electroweak VBF at hadronic colliders.
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of the event selection criteria adopted here, while the
results, embodied in a set of discovery contours, are repo
in Sec. IV. We summarize and conclude in Sec. V.

II. THE SIGNAL

A. Slepton pair production

We begin by considering slepton pair production throu
VBF. The generic~lowest-order! diagrams contributing to
this process are depicted in Fig. 1, where each of theq’s
represents either a quark or an antiquark. Clearly, such
grams do not exhaust the entire set of contributions to
processq1q2→q3q4,̃ ,̃* . In fact, apart from a host of othe
EW diagrams, one also has to include those involving
gluon exchange. In addition, although they do not interf
with the signal, one also has to consider graphs with glu
in either of the initial and final state. Although we shall im
pose kinematic constraints to ensure that diagrams suc
those in Fig. 1 dominate overwhelmingly, in the actual co
putation, one still needs to include the full set of diagra
that lead to a slepton-pair accompanied by two jets. In do
so, we limit ourselves to a tree-level calculation and use
HELAS subroutines@11# to numerically evaluate the ensuin
helicity amplitudes. For our parton-level Monte Carlo ana
sis, we use the CTEQ4L parton distributions@12# with the
scale set at the slepton mass (m,̃).

The very structure of the VBF diagrams immediately su
gests that such contributions would be largely concentra
in kinematic regions where the vector bosons are nearly
mass shell. This translates into two rather forward and ba
ward jets, one in each hemisphere. Since no colored par
is exchanged, the rapidity gap between these forward
backward jets would be essentially free of hadronic activ
Thus we start by characterizing the signal in terms of
following basic criteria:

~a! The sleptons~and their decay products! are entirely
contained in the rapidity regime in between the two forwa
and backward jets, labeled asj i ( i 51,2), satisfying the fol-
lowing requirements:

2<uh~ j i !u<5, h~ j 1!h~ j 2!,0. ~1a!

~b! Both jets should have sufficient transverse moment
to be detected, namely,

pT~ j i !>15 GeV. ~1b!

~c! The invariant mass of the pair of forward jets shou
be sufficiently large,

M j 1 j 2
.650 GeV. ~1c!
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~d! There should be no hadronic activity in the rapidi
interval between these two jets.

We have explicitly checked that, on imposition of th
above criteria, the resulting cross section is overwhelmin
dominated by the VBF diagrams. It should further be reme
bered that these are only our ‘‘basic cuts,’’ and serve
purpose of establishing the characteristics of a VBF eve
However, as we shall see shortly, additional cuts are requ
to enhance the visibility of the signal against backgroun
While, in our analysis, these criteria have been imposed
the parton level, they are expected to mimic actual dete
events even after hadronization is incorporated. Experim
tally, criterion ~d! is implemented by applying a central je
veto. The above cuts select signal events whose surv
probability against such a veto turns out to be between 8
90 percent@13#. For real emission correction to DY-type pro
cesses~which involve color exchange between the jets!, in
contrast, the corresponding survival probability is below
percent@14#. In the remainder of our analysis, we will in
clude the full set of contributions, weighed appropriately
the respective survival probabilities.

Let us now examine the total production cross section
the possible parameter dependences of the signal pro
Since we shall concentrate only on the sleptons of the
two generations (ẽL,R and m̃L,R), the Higgs mediated dia
grams in Fig. 1 are not important. This also implies that
production cross section is not sensitive to eitherm, tanb or
the slepton mixing.2 Thus the production cross section
essentially model-independent and is determined solely
the slepton massm,̃ . In Fig. 2, we display this functiona
dependence. The lowest order DY cross section~without any
cuts! is also shown for an approximate comparison of t
relative magnitude. A few points are immediately obvious

Formally, our cross section is suppressed by two pow
of aem(aweak) when compared to the DY one. This is re
flected in the dominance of the DY rates for small slept
masses.

The cross-section falloff with mass is much slower for t
VBF process, as compared to the DY mode, as intima
This can be understood by recognizing that the DY cr
section suffers from the presence of ans-channel propagator
In contrast, the VBF process could be viewed in terms of
effective g/Z/W approximation, wherein the large loga
rithms associated with the emission of a ‘‘nearly massle
gauge boson compensate for the extra factors ofaem(aweak).
Notice however that such logarithmic enhancements are

2However, as we shall see later,m plays a significant role in
slepton decays and affects then the signal as a whole.
7-2
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SLEPTON PRODUCTION FROM GAUGE BOSON FUSION PHYSICAL REVIEW D68, 075007 ~2003!
nite and well under control~that is, they do not need a highe
order treatment! since the requirements of forward and bac
ward jet tagging that we will put in place~a minimum pT
together with a maximal rapidity! act as effective regulators
on the same footing as in Refs.@2–4#.

The VBF process is dominated by the photon diagra
This is to be expected in view of the previous remark and
reflected by the relatively small (<10%) fractional differ-
ence in the cross sections for,̃L and ,̃R production.

As Fig. 2 also shows, the VBF cross section is sign
cantly larger than the DY one for large values ofm,̃ . Since
this is precisely the region of the parameter space where
DY production mode is of little use, it behooves us to inve
tigate the VBF channel further. In addition, the two forwa
and backward jets are peculiar to this channel and co
serve to eliminate backgrounds.

B. Slepton decay modes and kinematics

Once produced, the sleptons will decay into either
chargino-neutrino pair or into a neutralino-lepton pair. T
partial decay widths are governed by both the mass and c
position of the charginos~neutralinos! as well as the hand
edness of the slepton (L or R). As is well known, as long as
R-parity is conserved, the lightest supersymmetric part
~LSP! is stable. Since consistency with observations
mands that the lightest neutralino be the LSP, the latte
invisible and all other supersymmetric particles decay into
Thus the slepton decay must result insame-flavor opposite
sign dilepton pairs associated with missing transverse m
mentum. Cascade decays through the heavier neutralino
charginos would produce a similar signature~with still more
particle tracks in the detector!, so that they may be deeme
as part of the signal. However, for reasons explained la

10−1

1

10

102

103

100 150 200 250 300 350 400 450 500

σ 
 [

fb
]

m
.

~
.

l [GeV]

√s = 14 TeV

FIG. 2. The total cross section~solid lines! for slepton pair
production at the LHC in association with two forward jets. T
cuts of Eqs.~1a!–~1c! have been imposed on the VBF rates. T
CTEQ4L parton distributions have been used with the factoriza
scale set atm,̃ . The dashed curves represent the corresponding
cross sections. In each case, the upper and lower curves corres

to ,̃L and ,̃R ~one flavor! respectively.
07500
-

s.
s

-

he
-

ld

a

m-

e
-
is
t.

-
or

r,

we will primarily be concentrating on the direct decay of t
slepton into the lepton-LSP pair. As we have mentioned
Sec. II A, we would be requiring thelepton pair to lie within
the rapidity interval between the jets. In other words (i
51,2),

uh~, i !u<2. ~2a!

Of course, the two leptons must have enough transverse
menta to be detectable:

pT~, i !>15 GeV. ~2b!

Before we decide on further selection criteria, it is use
to examine the signal profile resulting from the production
a slepton pair of a given mass and decaying into a partic
neutralino, again of a given mass. A variable of interest h
is the smaller of the two lepton transverse momenta, nam
min@pT(,1),pT(,2)#. In Fig. 3, we display the distribution in
this observable for a given slepton mass and three repre
tative values of the LSP mass. Note that a smaller value
m,̃2mx̃

1
0 softens this distribution. This is to be expecte

Since the sleptons prefer to be produced with little transve
momenta, a highpT for the decay products would only b
possible if the mass difference were large. A similar patt
would appear in the case of the missing transverse mom
tum.

This also explains partly our ‘‘neglect’’ of cascade deca
through the heavier neutralinos and charginos. The fi
states resulting from such decay channels typically con
additional leptons or jets. To avoid QCD backgrounds,
would need to concentrate on the multilepton modes. S
decay patterns, however, occur less frequently than those
volving quarks~and hence additional jets!. Moreover, with a
smaller mass difference between the slepton and a hea
neutralino or chargino, the primary lepton would tend to
softer and hence often evade the selection process. Exp
computation shows that the inclusion of the cascade dec

n
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FIG. 3. The distribution of the softer of the two leptonpT’s for
three different values of the LSP mass and a fixed slepton mas
300 GeV.
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FIG. 4. Contours for constan

BR( ,̃→x̃1
01,) for both ,̃L ~up-

per panels! and ,̃R ~lower panels!
in the m,̃-M2 plane. In each case
the left and right panels corre
spond to m5200 GeV and 500
GeV, respectively. The shade
area corresponds to the part of th
parameter space that leads to t
slepton being the LSP. The con
tours, from left to right, are for

BR( ,̃→x̃1
01,)50.9, 0.7, 0.5,

0.3 and 0.2, respectively.
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can result in only a marginal improvement of our results a
we shall ignore their effects henceforth.

C. Slepton branching fractions

We now turn to the issue of the slepton branching ra
~BR! into the lightest neutralino. This depends on quite a f
parameters:m,̃ , m, tanb and the gaugino mass paramete
M1 and M2. Of these, the dependence on tanb is the least
pronounced and therefore we shall henceforth use only
value of it, namely, 10. Furthermore, to reduce the numbe
parameters, we shall assume the unification relation betw
M1 and M2. Thus, only three parameters remain, nam
m,̃ , m and M1. For a given slepton mass, the releva
branching fraction is then governed by essentially two f
tors: ~i! the composition of the LSP and~ii ! whether decays
into the heavier neutralinos or charginos are allowed. T
resulting dependence is still quite intricate as can be gau
from Fig. 4, where we present iso-branching fraction co
tours in them,̃-M2 plane for two positive values ofm. A set
of conclusions follow immediately.

For a given mass, the,̃R has a larger probability for de
caying directly into the LSP as compared to the,̃L . This
effect is even more pronounced for largerm and can be un-
derstood from the fact that whereas the,̃R has no coupling to
the W̃6,0 eigenstates, it is precisely these states that the,̃L
preferentially decays into.

For m,M2, the two lightest neutralinos and the light
chargino are often Higgsino-dominated. Selectrons
smuons then tend to cascade through the heavier neutra
~heavier chargino!. However, this possibility is curtailed
when M2 is large so that kinematic accessibility of the
states is denied.
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When m and M2 are comparable, the relative weight o
the B-ino and Higgsino states in the LSP controls the BR
sleptons decaying into it.

As we have already seen~Fig. 2!, the production cross

sections for,̃L and,̃R are very similar, with the former being

slightly larger. However, with the,̃R decaying into the LSP
much often, it is expected that, for identical masses, it is t

( ,̃R,̃R* ) production channel that will finally dominate the sig
nal.

D. Signal profile and parameter dependence

Before we end this section, we would like to discuss t
interplay of the kinematic effects between the slepton-L
mass difference~as exemplified by Fig. 3! and the branching
fractions. In doing this we shall assume that the two slept

,̃L,R are degenerate, a very good approximation in SUGR
inspired scenarios. In Fig. 5, we demonstrate the depend
of the cross section on the slepton mass for three repre

tative values ofM2. For m,̃@M2, the ,̃R decays predomi-

nantly into the LSP while the,̃L is allowed more channels
The important point, however, is that, in this limit, th
branching fraction into the LSP is essentially independen
M2. Moreover, with a large separation betweenm,̃ andmx̃

1
0,

the leptons acquire transverse momenta sufficiently la
~Fig. 3! to satisfy the selection criteria. Thus, in this regim
the cross section is practically independent ofM2 and is
determined solely bym,̃ . For very low values ofm,̃ , on the
other hand, the aforementioned kinematic dependence on
mass difference becomes very important: the largerM2 is,
the smaller is the average value ofpT(,), resulting in the
suppression of the signal~Fig. 5!. And finally, the very sharp
7-4
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SLEPTON PRODUCTION FROM GAUGE BOSON FUSION PHYSICAL REVIEW D68, 075007 ~2003!
decrease in the signal strength form,̃*M2 can be traced to
the rapid change of the branching fraction into the LSP
account of new channels opening up.

III. BACKGROUNDS AND THEIR ELIMINATION

Same-flavor, opposite-sign dilepton and missing ene
signals at the LHC can be faked by standard model~SM!
processes where two opposite-signW’s or t ’s are produced
with two forward and backward jets, with theW’s or t ’s
decaying leptonically. There is also a source of reduci
background fromZZ production in the presence of initia
state radiation. Here, however, an invariant mass cut on
lepton pair can remove the latter background almost co
pletely. The continuum production due to an off-shellZ go-
ing to leptons is too small to be of any consequence. Prod
tion of t t̄ pairs with subsequent semileptonic decays of
quarks can also produce the dilepton1 jets1 missing trans-
verse energy final state. We can easily get rid of this ba
ground though, by remembering that the jet associated w
top decay is always ab-jet. Such backgrounds are appr
ciable only foruh j u<3. Thus they can be eliminated with
b-veto if theb-trigger works up to such a rapidity. The pa
production of charged Higgs bosons in VBF@16# can also
yield opposite-sign dileptons with missing transverse m
mentum and forward and backward jet activity. This no
may be particularly dangerous, as it has the same topolog
the signal, including the reduced hadronic activity in the c
tral region. However, electrons and muons can emerge f
charged Higgs boson decays only indirectly viat ’s, and
hence with a leptonic BR suppression and in flavor com
nations of equal probability. In the end, we have explici
checked, by varying the Higgs boson mass and the o
relevant supersymmetric parameters consistently with
signal, that this background is not very large in general,
that we need not consider it any further. In summary,

0

5

10

15

20

25

30

35

40

45

100 200 300 400 500 600

σ 
 [

fb
]

m
.

~
.

l [GeV]

M2 = 100 GeV

M2 = 150 GeV

M2 = 200 GeV

Background
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tan β = 10

FIG. 5. Variation of the signal cross section with the slept
mass for some representative values ofM2 and givenm and tanb.
The corresponding LSP masses aremx̃

1
0548.8, 73.6, 98.4 GeV re-

spectively. Only the basic cuts of Eqs.~1a!–~1c!, ~2a!, ~2b! have
been imposed. Also shown is the corresponding background c
section.
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dominant contributions to the background come fromW’s
and~direct! t ’s in almost equal strength, although some s
able effect is unavoidable from real emission corrections
the DY process, despite its moderate central jet veto surv
probability. We have estimated all these backgrounds us
the package MADGRAPH@17#. With the cuts described
above, the missing transverse momentum and opposite
dielectron and dimuon total background comes out to
about 13 fb~choosing the factorisation scale at 2MW), which
we represent by the horizontal line in Fig. 5. Assuming th
the b-veto will work up toh53, the background gets con
tributions on the order of 8.5 fb and 4.5 fb fromtt andWW,
respectively. In the following we will see that the bac
ground level can be reduced significantly with a minim
sacrifice of the signal by exploiting suitable kinematic dist
butions.

We examine the spectra in invariant mass@Fig. 6~a!# of
the dilepton pair as well as in missing transverse energy@Fig.
6~b!# for both the signal~for some illustrative values ofm,̃
and MLSP) and the combined backgrounds after the pre
ously mentioned cuts, and observe that:

ss
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FIG. 6. ~a! Invariant massM ,, and ~b! missing transverse mo
mentumpT(miss) distributions for the signal forM25150 GeV,
m5500 GeV, tanb510, m,̃5200,300 GeV. Also shown are th
corresponding background distributions.
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The invariant mass of the dilepton pair has a much har
spectrum for the signal as compared to the total backgrou

The missing transverse momentum distribution is har
for the signal, with the peaks shifting to higher values
lower masses of the LSP, once the slepton mass is fixed

Keeping all this in mind, we impose a few addition
selection criteria. For one, an event must be accompanie
a substantial missing transverse momentum:

pT~miss!>50 GeV. ~3a!

Furthermore, while the invariant mass for the dilepton p
should be sufficiently large to remove most of the ba
ground, i.e.

M ,,>60 GeV, ~3b!

it should nevertheless be well away from theZ mass~in
order to eliminate backgrounds accruing frompp

→ j jZn in ī):

uM ,,2MZu.5GZ . ~3c!
These extra cuts have only a moderate effect on the si

while reducing the background down to only;2 fb, as is
evident from Fig. 7. As for the signal, the effects of the ne
kinematic cuts are more pronounced for low mass slepto
If we increase the neutralino mass, the missing energy s
trum becomes harder while the dilepton mass distribut
becomes softer. One can see by comparing Figs. 5 and 7
for m,̃;100–200 GeV, such a tradeoff has affected
M25100 GeV case most severely.

It should also be mentioned here that the character
signals of sleptons studied by us are subject to vitiation
other SUSY processes, such as cascades from squarks,
nos and electroweak gauginos, leading to a potential ‘
sidual SUSY background.’’ As has already been noted in
first reference of@5#, the squark or gluino background can b
suppressed by the invariant mass cut on the forward jet p
Furthermore, a veto against central hadronic activities is a
helpful in eventually suppressing fake signals from squa
and gluinos. As for electroweak gauginos, in general th
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FIG. 7. As in Fig. 5, but now the cuts of Eqs.~3a!–~3c! have
been imposed as well.
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contributions to the signals under scrutiny have been fo
to be smaller@5#, mostly due to suppression by the lepton
branching ratios of gauginos,3 and the requirement that bot
leptons in the final state be of the same flavor. One situa
where gauginos can intervene is when they can decay
real sleptons. Such a case, however, again leads to char
teristic signals of the sleptons themselves, and therefore
estimate, if anything, is of a conservative nature.

As has already been mentioned, one has to multiply
signal rates with the central jet veto survival probability. Th
is a source of theoretical uncertainty in the predictions;
have used as our guidelines the results given in Ref.@14# for
the survival probabilities for electroweak and QCD pr
cesses, already noted in Sec. II A. These probabilities per
to a central jet with a minimumpT of 20 GeV, which there-
fore translates into a definition of hadronic activities in t
central region. For further discussion on the subject,
reader is directed to Ref.@15#.

IV. DISCOVERY CONTOURS

We are now in a position to predict the potential of o
channel to explore or exclude the supersymmetric parame
involved in this analysis. In Fig. 8, we present some sign
cance contours of the predicted signals in theM22m,̃ plane
for two values ofm. The shaded regions in the contour plo
are either disallowed by the LEP data or inconsistent with
hypothesis that the lightest neutralino is the LSP. To calcu
the significance ([S/AB) we have assumed an integrate
luminosity of 30 fb21. With 2.05 fb of total background
cross section, this implies 40 signal events for 5s discovery.

Evidently, the contours reflect rather promising statist
over a large region of the parameter space. The detailed
ture of the contours are mostly governed by features rela
to slepton production and decay, which have been discus
in the previous sections. While there is a complex interp
of different factors, we would like to recall at this stage a fe
salient points which have roles to play in the predictions:

The slepton production rates decrease with increas
slepton mass.

The composition of the LSP as well as the other neutr
nos and charginos is a deciding factor.

The mass difference between the slepton and the LSP
termines the hardness of the resulting leptons and there
the survival probability of the events against cuts.

As has been discussed earlier, while the right slept
decay overwhelmingly into aB-ino-dominated LSP, the lef
ones often tend to cascade through theSU(2) coupling.

The characteristic turning around of the curves form
5200 GeV can also be seen form5500 GeV for higher
values ofM2 andm,̃ .

The study of this signal also allows one to draw sign
cance contours in the parameter space of an MSUG
theory. For the purpose of illustration we have chosenm

3A probable caveat is offered by a spectrum wherein the squ
are very heavy, while sleptons are only somewhat heavier t
gauginos~with m being relatively large!.
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SLEPTON PRODUCTION FROM GAUGE BOSON FUSION PHYSICAL REVIEW D68, 075007 ~2003!
.0, A050 ~always with tanb510), whereA0 is the trilin-
ear SUSY-breaking parameter at the unification scale. In
9, the significance contours are presented for three value
S/AB. We do not present the results form,0; it has already
been stressed that the sign ofm has very little effect on eithe
the slepton pair-production cross section or the slepton de
BR to the LSP. The effects of slepton mixing or tanb are
also negligible, since we are considering sleptons of the
two generations. We also assume radiative EW symm
breaking.

The dissimilarity between the contours of Fig. 9 and Fi
8 might seem puzzling at first. However, an analytical stu
of the parameter space dependence immediately reveal
cause. Increasingm0 ~common scalar mass at the unificatio
scale!, results in an increase in the values ofm,̃ andm. The
consequent~modest! enhancement of the branching ratio in
the LSP is, however, more than offset by the decrease in
production cross section due to higher slepton mass, an
the opening of additional decay channels into higher n
tralinos or charginos, so long asm1/2 is on the lower side. It
should be noted that such channels~such as those into th
second lightest neutralino and the lighter chargino! affect the
left sleptons more in the form of reduced signal rates.
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20 σ 10 σ 5 σ 3 σ

200

300

400

500

600

700

800

900

1000

200 300 400 500 600 700 800

M
2 

 [
G

eV
]

m
.

~
.

l [GeV]

µ = 500 GeV

(b)

20 σ 10 σ 5 σ
2 σ

200

300

400

500

600

700

800

900

1000

100 150 200 250 300 350 400 450 500 550 600

M
2 

 [
G

eV
]

m
.

~
.

l [GeV]

µ = 200 GeV

FIG. 8. Contours of constant significance in theM22m,̃ plane
for ~a! m5500 GeV and~b! m5200 GeV, with tanb510.
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creasingm1/2 ~the common gaugino mass at the unificati
scale!, on the other hand, has a twofold effect. First, it i
creases the LSP mass thus affecting the decay kinema
More importantly, it also increases the slepton masses, p
erentially that of the left sleptons. Since the latter suf
SU(2) interactions~unlike their right-handed counterparts!,
their mass increases withm1/2 at a faster rate. As a conse
quence, within this framework, the production rate for t
left sleptons falls faster with an increasingm1/2 than is the
case for the right sleptons@18#. Finally, for most of the pa-
rameter space depicted in Fig. 9, the branching ratio for
right sleptons into the LSP is nearly unity, whereas the c
responding one for the left sleptons is a rather sensitive fu
tion of (m02m1/2). Together, these two factors result in th
signal strength being dominated by the contribution from
right sleptons. Moreover, with the decay kinematics play
a relatively subservient role, the signal is determined larg
by the mass of the right-handed slepton alone. Thus the c
tours in Fig. 9 largely reflect the behavior of right slepton
particularly whenm0 andm1/2 are on the higher side.

For the kind of signal we are proposing, it is very cruc
to know the background normalization very accurately,
one has to decide about discovery or exclusion on the b
of counting the number of events. It is worthwhile to me
tion that, as we have only the leading order~LO! cross sec-
tion for the background, there is quite a strong dependenc
the latter upon the choice of the scale ofas and also of the
factorization scale. However, should the actual backgro
normalization be calculated directly from the LHC data an
without going into further detail, one can legitimately a
sume a 5% uncertainty in our estimate of the background
adding this error in quadrature to the estimated fluctuation
the latter, the requirement of 40 signal events for a 5s dis-
covery would go up to only 42 events, which hardly impli
any modification to the mass reach and the event conto
outlined above.

Before we conclude, let us compare our results with th
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FIG. 9. Contours of constant significance in theM1/22m0 plane
for m.0, A050 and tanb510. An integrated luminosity of
30 fb21 has been assumed.
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CHOUDHURY et al. PHYSICAL REVIEW D 68, 075007 ~2003!
in Ref. @6#. The authors in@6# calculated the DY slepton pai
production and decay to have a dilepton1missing energy
signal in the final state. As already emphasized, the slep
production cross section via the DY channel is more than
order of magnitude higher than that via VBF for low slept
masses. However, the signal strength in the DY channel
rapidly as the slepton mass increases, and ultimately
number of events becomes smaller than in the VBF chan
This is clearly evident from the slepton mass reach at
LHC (.250 GeV) obtained in@6#, whereas we have show
that the VBF channel can easily probe slepton masses
up to 500 GeV with more than 5s significance over the
leading backgrounds.

V. CONCLUSION

To summarize, we have investigated slepton pair prod
tion via VBF at the LHC. The cross section for slepton p
production along with two forward and backward jets h
been estimated at the parton level. For low mass sleptons
cross section in the VBF channel is much smaller than
one from DY production of sleptons. However, for high
slepton masses, the latter falls off quickly~below 1 fb! and
the former becomes dominant while remaining sizable. T
pair-production cross sections for both left and right slept
have then been estimated, the former being margin
greater than the latter over the whole slepton mass range
ra
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have considered. We have then concentrated on slepton
cays to the lightest neutralino, leading to two unlike-si
dileptons ~of same flavor!1missing transverse momentum
along with two forward and backward jets in the final sta
Finally, we have devised simple kinematic cuts minimizi
the leading SM backgrounds and found a rather large disc
ery potential up to slepton masses on the order of 500 G
Although our analysis was primarily based on the gene
MSSM, one can easily relate our results to the parameter
the MSUGRA scenario, as we have done ourselves in
instance. The overall conclusion is that our proposed sig
should help in increasing the slepton mass reach at the L
in a significant manner, in comparison to the scope of
previously considered DY channel.
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