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1 Introduction

After almost fifty years of experimental tests, the Standard Model has proved to be a very

successful theory of the fundamental particles and interactions. Nevertheless, it leaves

many important questions, like the hierarchy of the fundamental mass scales, unanswered,

and it is widely believed to represent a low-energy limit of a more fundamental theory. In

particular, the recent discovery of a Higgs boson [1, 2], still to be confirmed as being the

Standard Model Higgs boson, has rather reinforced our expectation to find physics beyond

the Standard Model at the Large Hadron Collider (LHC) at CERN. This discovery is very

likely the first observation of a particle intrinsically unstable with respect to quantum

corrections, which requires either unnatural fine-tuning or stabilization from new particles

lying around the TeV scale. This issue is addressed by large classes of new physics theories

and in particular by weak-scale supersymmetry [3, 4], which also solves a considerable

number of other problems inherent in the Standard Model. For instance, it hints at the

possible unification of the gauge symmetries at high energies and provides a candidate

particle explaining the presence of dark matter in the Universe.

As a consequence, searches for supersymmetry constitute one of the key topics of

the present experimental program in high-energy particle physics. Up to now, both the
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ATLAS and CMS collaborations have mainly focused on dedicated analyses of signatures

arising from the strong production of squarks and gluinos, the partners of the strongly

interacting quarks and gluons. However, no evidence for such particles has been found,

so that squark and gluino masses are constrained to lie at higher and higher scales [5, 6].

The pair production of the electroweak superpartners, i.e., the neutralino, chargino and

slepton eigenstates, has therefore recently received more and more attention from both

collaborations [7–16]. In addition, it has also been shown that the weak channels can

be interesting probes for distinguishing minimal from non-minimal supersymmetry [17–21]

and could also provide an explanation for the recent anomalous multilepton events observed

by the CMS collaboration [22].

All these phenomenological and experimental studies so far rely on theoretical pre-

dictions valid either at the leading order [23–27] or at the next-to-leading order [28–31]

of perturbative QCD, which may lead to large theoretical uncertainties. For more ac-

curate predictions, and subsequently for more precise limits on or determination of the

electroweak superpartner masses, the next-to-leading order results must be supplemented

by QCD resummation, since soft-gluon radiation can give rise to large logarithmic terms

that have to be resummed to all orders in the strong coupling constant [32–38]. In addition,

a matching with fixed order computations is mandatory for consistent predictions in all

kinematical regions.

Motivated by these observations, we have studied in a previous work resummation

effects on chargino and neutralino pair production at the LHC for the already achieved

center-of-mass energies of 7 TeV and 8 TeV [38]. Additionally, we have also very recently

released a user-friendly computer code, dubbed Resummino, allowing to perform such

precision calculations for arbitrary supersymmetric scenarios and collision energies [39]. In

this paper, we turn to slepton pair production and present accurate predictions for total

cross sections at the LHC, focusing on benchmark scenarios based on simplified models

as currently employed by both the ATLAS and CMS collaborations. We provide several

cross section tables for LHC collisions at center-of-mass energies of 7 TeV, 8 TeV, 13 TeV

and 14 TeV at the leading-order and next-to-leading order of perturbative QCD, and af-

ter matching the results with soft-gluon resummation. We also take the opportunity of

performing a detailed study of the theoretical uncertainties, their control being largely im-

proved by soft-gluon resummation. Including this information in the tables, we collect in

this way the most precise cross section reference values so that they are available for all

future ATLAS and CMS analyses of slepton pair production and decay.

In a second step, we reinterpret two of the most recent slepton LHC analyses. On the

one hand, we include resummed predictions for total cross sections. On the other hand,

we investigate the dependence of the predictions on the left-handed or right-handed nature

of the slepton eigenstates, on its flavor, as well as on the bino, wino or higgsino nature of

the lightest supersymmetric particle, assumed to be the lightest neutralino, which sleptons

decay into. Experimental results indeed usually include either a sum over the slepton flavors

or a sum over both slepton chiralities and focus on some specific neutralino decomposition.

We demonstrate, in this work, that while the exact definition of the neutralino nature

can be safely ignored, the expected limit strongly depends on the chosen patterns for the
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Figure 1. Leading-order Feynman diagram depicting slepton pair production and decay in the

simplified models under consideration. The symbol ˜̀ stands for any generation of (s)leptons.

slepton nature. Therefore, making available results where only one specific slepton type is

considered could be useful in the future, in particular when one aims for a recasting of the

experimental analyses in the context of models where only one given slepton is light.

This work is organized as follows. In section 2, we first describe a set of benchmark

scenarios appropriate for slepton pair production studies. Next, we investigate in section 3

slepton production cross sections and the corresponding scale and parton density function

uncertainties. We then reinterpret, by means of state-of-the-art Monte Carlo simulations,

two of the more recent slepton LHC analyses in section 4 and focus on the variations of the

results with respect to both precision predictions and the exact nature of the supersym-

metric particles. Our results are summarized in section 5, and in appendix A we list total

cross section expectations at next-to-leading logarithmic accuracy for future center-of-mass

energies of 13 TeV and 14 TeV.

2 Benchmark scenarios for slepton pair hadroproduction and decays

In order to probe the usually large parameter spaces of several beyond the Standard Model

theories simultaneously, simplified production and decay schemes have been developed.

In this approach, model-independent search strategies are designed on the basis of models

consisting of extensions of the Standard Model with minimal additions in terms of particles

and interactions. These simplified models are constructed upon a very specific final state

topology so that one can test generic features possibly common to several new physics

models. Moreover, this framework aims for an easy comparison of theoretical predictions

with data and reinterpretation of the experimental results in the case of complete theories.

In this section, we present two series of simplified models relevant for slepton pair

production and decay at the LHC. Inspired by the constrained version of the Minimal

Supersymmetric Standard Model (MSSM), sleptons ˜̀ are assumed to be light and always

decay in a flavor-conserving way into the lightest supersymmetric particle, taken as the

lightest neutralino χ̃0
1, and the corresponding Standard Model lepton `. This pattern,

illustrated in figure 1, has motivated several experimental analyses where sleptons are

searched for in final states comprised of a same-flavor lepton pair produced in association

with missing energy [10, 11, 15].
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In the considered scenarios, the Standard Model is supplemented by two supersymmet-

ric particles, a charged slepton ˜̀ and the lightest neutralino χ̃0
1, whereas the other super-

symmetric particles are decoupled. This holds in particular for the strong superpartners

associated with negative search results [5, 6]. The flavor and left-handed or right-handed

nature of the considered slepton, together with the gaugino or higgsino nature of the light-

est neutralino, allow us to define several series of benchmark scenarios which we describe in

the rest of this section. First and second generation sleptons are addressed in section 2.1,

while third generation sleptons are considered in section 2.2.

2.1 First and second generation sleptons

We start with the Standard Model field content and its SU(3)C × SU(2)L × U(1)Y gauge

group. We then add a four-component Majorana spinor ΨN representing the lightest

neutralino χ̃0
1 as well as one charged selectron or smuon field that we generically denote by

˜̀
L or ˜̀

R. The L/R subscript refers to the chirality of the slepton Standard Model partner

that is described by the Dirac field Ψ`. The associated Lagrangians are extracted from the

MSSM Lagrangian and read, in the mass eigenbasis,

L(L) = LSM + ∂µ ˜̀†
L∂

µ ˜̀
L +

i

2
Ψ̄Nγ

µ∂µΨN + ie
[
∂µ ˜̀†

L
˜̀
L − ˜̀†

L∂µ
˜̀
L

]
Aµ

− ie

sW cW
C(L)Z

[
∂µ ˜̀†

L
˜̀
L − ˜̀†

L∂µ
˜̀
L

]
Zµ +

[
1

2cW sW
Ψ̄NC(L)N PLΨ`

˜̀†
L + h.c.

]
,

L(R) = LSM + ∂µ ˜̀†
R∂

µ ˜̀
R +

i

2
Ψ̄Nγ

µ∂µΨN + ie
[
∂µ ˜̀†

R
˜̀
R − ˜̀†

R∂µ
˜̀
R

]
Aµ

− ie

sW cW
C(R)
Z

[
∂µ ˜̀†

R
˜̀
R − ˜̀†

R∂µ
˜̀
R

]
Zµ +

[
1

2cW sW
Ψ̄NC(R)

N PRΨ`
˜̀†
R + h.c.

]
,

(2.1)

for left-handed and right-handed sleptons, respectively. Additional interactions, such as

four-scalar or neutralino-gauge interactions, are allowed by gauge invariance and super-

symmetry. Moreover, contributions to the neutralino-lepton-slepton vertices proportional

to the muon or electron Yukawa couplings are also present in the MSSM. However, in the

context of the current work, these interactions are either phenomenologically irrelevant or

negligibly small, so that they have been omitted for simplicity.

We have introduced, in the previous Lagrangians, the photon and Z-boson fields Aµ
and Zµ, the sine and cosine of the electroweak mixing angle sW and cW and the elec-

tromagnetic coupling constant e. Furthermore, in our conventions, the different coupling

strengths are given by

C(L)Z = − 1

2
+ s2W ,

C(L)N =
√

2e
[
sWN

∗
1 + cWN

∗
2

]
,

C(R)
Z = s2W ,

C(R)
N = − 2

√
2esWN1 ,

(2.2)

where the complex quantities N1 and N2 stand for the bino and wino component of the

lightest neutralino mass-eigenstate. For further reference, we denote the two higgsino
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components of the lightest neutralino by N3 and N4, and the four mixing parameters are

thus constrained by the unitarity relation

|N1|2 + |N2|2 + |N3|2 + |N4|2 = 1 . (2.3)

This allows us to define a particular series of benchmark models as follows. First,

the two parameters M˜̀ and Mχ̃0
1

representing the slepton and neutralino masses must be

fixed, recalling that the neutralino has to be lighter than the slepton. Next, the flavor and

chirality1 of the slepton state have to be defined. Finally, it is also necessary to specify

the gaugino/higgsino nature of the neutralino by fixing three of the four Ni quantities, the

fourth one being derived by eq. (2.3).

2.2 Simplified models for staus

In order to account for third generation sleptons, the simplified model described above has

to be slightly modified. In contrast to the first two generations, the superpartners of the

left-handed and right-handed taus are expected to mix as(
τ̃1
τ̃2

)
=

(
cos θτ̃ sin θτ̃
− sin θτ̃ cos θτ̃

)(
τ̃L
τ̃R

)
, (2.4)

where the mass eigenstates τ̃1 and τ̃2 are mass-ordered from the lighter to the heavier.

Consequently, we focus on the production of the lightest of the two states, for which the

associated cross section is larger.

To describe the interactions of the τ̃1 state, we construct a simplified model similarly

to the one introduced in section 2.1 and supplement the Standard Model with a state ΨN

representing the lightest neutralino and a scalar field τ̃1 denoting the lighter supersymmetric

partner of the tau lepton, described by the Dirac spinor Ψτ . The associated Lagrangian

reads

L(τ) = LSM + ∂µτ̃
†
1∂

µτ̃1 +
i

2
Ψ̄Nγ

µ∂µΨN

+ ie
[
∂µτ̃

†
Lτ̃1 − τ̃

†
1∂µτ̃1

]
Aµ −

ie

sW cW
C(τ)Z

[
∂µτ̃

†
1 τ̃1 − τ̃

†
1∂µτ̃1

]
Zµ

+
1

2cW sW

[
Ψ̄NC(τ,L)N PLΨτ τ̃

†
1 + Ψ̄NC(τ,R)

N PRΨτ τ̃
†
1 + h.c.

]
,

(2.5)

where we have again omitted all the interactions irrelevant for stau pair production and de-

cay at the LHC. The Lagrangian parameters can be deduced from eq. (2.2) after accounting

for appropriate gauge-eigenstate mixings,

C(τ)Z =
[
− 1

2
+ s2W

]
cos2 θτ̃ +

[
s2W

]
sin2 θτ̃ ,

C(τ,L)N =
√

2e
[
sWN

∗
1 + cWN

∗
2

]
cos θτ̃ −

[
2cW sWN

∗
3 yτ

]
sin θτ̃ ,

C(τ,R)
N =

[
− 2
√

2esWN1

]
sin θτ̃ −

[
2cW sWN3yτ

]
cos θτ̃ ,

(2.6)

where yτ denotes the tau lepton Yukawa coupling, which in this case cannot be neglected.

1Strictly speaking, a scalar field has no chirality and we always refer to the chirality of the Standard

Model partner.
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Simplified models describing tau sleptons are thus defined by two mass parameters,

namely the lightest stau and lightest neutralino masses Mτ̃1 and Mχ̃0
1
, three out of the four

neutralino mixing parameters (the Ni quantities) as well as the stau mixing angle θτ̃ . The

fourth neutralino component is again extracted using eq. (2.3).

3 Precision predictions for slepton pair production at the LHC

In this section, we present total cross sections relevant for direct slepton searches as per-

formed by the ATLAS and CMS experiments. We focus on both past LHC runs at center-of-

mass energies of 7 TeV and 8 TeV, while results for possible future runs at center-of-mass

energies of 13 TeV and 14 TeV are presented in appendix A. Further predictions can be

made available by employing the Resummino package [39], that can be downloaded from

the webpage http://www.resummino.org or be obtained from the authors upon request.

3.1 General features

In the pioneering and subsequent more recent works, slepton pair production has been

studied at the leading-order [23–25] and next-to-leading order [29] of perturbative QCD.

All of these cross section calculations rely on the QCD factorization theorem. Rendering

the dependence on the slepton-pair invariant mass M explicit, the results are obtained by

convoluting the partonic cross section dσ̂ab with the universal distribution functions fa and

fb of partons a and b carrying the momentum fractions xa and xb of the colliding hadrons,

M2 dσ

dM2
(τ) =

∑
ab

∫ 1

0
dxadxbdz δ(τ−xaxbz)

[
xafa(xa, µ

2
F )
][
xbfb(xb, µ

2
F )
]

×
[
zdσ̂ab(z,M

2, µ2F , µ
2
R)
]
.

(3.1)

In this equation, µR and µF stand for the factorization and renormalization scales and

τ = M2/S,
√
S being the hadronic center-of-mass energy. Although the partonic cross

section dσ̂ab exhibits logarithmic terms that are large close to the production threshold,

z . 1, the convergence of the perturbative series is recovered at the hadronic level thanks to

the vanishing parton densities when the momentum fraction is close to one. This however

yields significant scale uncertainties making the theoretical predictions less precise.

These logarithmic terms are not surprising and originate from soft and collinear ra-

diation of partons by the initial state particles. It has been proved long ago that in this

case, once transformed into the appropriate conjugate space, the cross section can be refac-

torized. Consequently, the large logarithms can be resummed to all orders in the strong

coupling, which implies an important reduction of the theoretical uncertainties by including

in the predictions higher order effects in a consistent way. More specifically, this threshold

resummation formalism is based on the fact that we can write the cross section, in the

conjugate Mellin N -space, as

M2 dσ

dM2
(N − 1) =

∑
ab

fa(N,µ
2
F )fb(N,µ

2
F )σ̂ab(N,M

2, µ2F , µ
2
R) , (3.2)

– 6 –
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where the Mellin N -moments of the quantities F = σ, σ̂ab and fa,b are given, in our

conventions, by

F (N) =

∫ 1

0
dy yN−1 F (y) , (3.3)

with y = τ , z and xa,b, respectively. Reorganizing the different contributions to the partonic

cross section, the latter can be recast in a closed exponential form [40–51],

σ̂ab(N,M
2, µ2F , µ

2
R) = Hab(M2, µ2F , µ

2
R) exp

[
Gab(N,M2, µ2F , µ

2
R)
]
. (3.4)

This expression contains two functions, the hard function H and the Sudakov form factor

G. The hard function can be derived from the perturbative results by first isolating the

terms independent of the Mellin variable N and then collecting the dominant 1/N -terms

stemming from universal collinear radiation of the initial state partons. In contrast, the

Sudakov form factor embeds the dominant dependence on N , i.e., it contains soft and

collinear parton emission and absorbs in this way all large logarithmic contributions. For

more details on the explicit form of the H and G functions, we refer to ref. [39].

Far from threshold, the perturbative computation, only partially accounted for in

eq. (3.4), is expected to be reliable. Therefore, predictions valid in all kinematical regions

require a consistent matching of the fixed order with the resummed results. This is achieved

by subtracting from the sum of both predictions their overlap calculated by expanding

analytically the resummed cross section at the same order in the strong coupling as the

one employed for the fixed order calculation.

Finally, contrary to the fixed order results that are computed in physical space using

eq. (3.1), the resummed component and its expansion at a given order are evaluated in

Mellin space. Therefore, it is necessary to transform them back to the physical space.

Care must be taken with the singularities possibly arising at the level of the N -space cross

section. To this aim, we choose an integration contour inspired by the principal value

procedure and the minimal prescription [52, 53], which satisfies two properties. First, the

poles associated with the Regge singularity of the Mellin moments of the parton densities

lie to the left of the integration contour. Second, the Landau pole related to the running

of the strong coupling lies to its right.

Threshold resummation has been initially performed in the context of slepton pair

production several years ago. This computation combines soft gluon resummation at the

next-to-leading logarithmic accuracy and a fixed order calculation at the next-to-leading

order [33]. It should be noted that soft gluon resummation can also be performed when

the transverse momentum of the produced slepton pair pT is small [32], as this gives also

rise to possibly large logarithmic terms, or simultaneously in both regimes, i.e., when pT
is small and M close to threshold [34].

3.2 Total cross section computations

We dedicate this section to an overview of the behavior of the total rate for slepton pair

production at the LHC as a function of the slepton mass M˜̀. We fix Fermi’s coupling

constant and the masses and widths of the electroweak gauge bosons to their latest mea-

sured values [54] and compute the squared sine of the electroweak mixing angle and the

– 7 –
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electromagnetic fine structure constant in the improved Born approximation. We then

numerically evaluate total cross section predictions at the leading order (LO) and next-

to-leading order (NLO) of perturbative QCD, and after matching the NLO results with a

computation including the resummation of the threshold logarithms at the next-to-leading

logarithmic accuracy (NLL+NLO). Focusing on both past runs of the LHC, we present

results for the series of benchmark models introduced in section 2.1 in figure 2 for collider

center-of-mass energies of 7 TeV (upper panel of the figure) and 8 TeV (lower panel of the

figure). While the LO predictions are obtained after convoluting the partonic results with

the leading order fit of the CTEQ6 parton densities [55], we employ the more recent NLO

CT10 fit of the CTEQ collaboration [56] for our NLO and NLL+NLO calculations. In all

cases, both factorization and renormalization scales are fixed to the mass of the produced

slepton µR = µF = M˜̀.

We present, in figure 2, results for a restricted slepton mass range of M˜̀ ∈ [0, 450] GeV,

which corresponds to parameter space regions where cross sections of at least about 0.1 fb

are expected for both the pair production of left-handed and right-handed slepton pairs.

Equivalently, in the case a supersymmetric model with light sleptons is realized in Na-

ture, those regions feature the presence of at least a few slepton events in the 2011-2012

LHC data, although these events are hidden in an overwhelming Standard Model back-

ground. Furthermore, cross sections greater than about 10 fb are found for left-handed

(right-handed) sleptons whose mass satisfies M˜̀ . 200 GeV (150 GeV), so that the corre-

sponding benchmark scenarios are appealing models for the possible observation of hints

for sleptons at the LHC. This is addressed more into details in section 4.

In addition, figure 2 also shows that large K-factors are obtained when including NLO

corrections to the predictions, reaching up to 1.25 in the low-mass region (M˜̀ & 50 GeV)

and 1.15 for heavier sleptons (M˜̀& 200 GeV). Matching the NLO results to a computation

including the threshold resummation of the soft gluon radiation at the NLL accuracy does

not drastically modify the NLO K-factor, although theoretical uncertainties estimated by

varying the unphysical scales by a factor of two around the central scale, chosen to be the

mass of the produced sleptons, are found to be largely reduced. This property is addressed

in greater detail in section 3.3.

In figure 3, we investigate stau pair production in the framework of the simplified

models introduced in section 2.2. We show the dependence of the total cross section,

computed after matching the resummed results with the NLO predictions for both LHC

center-of-mass energies of 7 TeV (upper panel of the figure) and 8 TeV (lower panel of the

figure), on both the stau mass Mτ̃1 and the sine of the mixing angle sin θτ̃ . As before, we

convolute the partonic cross sections with the CT10 NLO parton distribution functions

(PDFs) and fix the unphysical scales to the mass of the produced stau eigenstate µF =

µR = Mτ̃1 . Similarly to the first and second generation slepton cases, cross sections larger

than about 10 fb are obtained for stau masses ranging up to about 150 − 200 GeV for

both center-of-mass energies. However, from the perspective of the possible observation

of stau events at the LHC, the situation is expected to be more complicated due to tau

reconstruction efficiencies. We refer to section 4 for more details.
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Figure 2. Total cross sections for slepton pair production at the LHC, running at center-of-mass

energies of 7 TeV (upper panel) and 8 TeV (lower panel). We present predictions as functions of the

slepton mass M˜̀ at LO (gray) and NLO (green) of perturbative QCD and after matching the NLO

results with threshold resummation at the NLL accuracy (red). The uncertainty bands correspond

to variations induced by modifications of the unphysical scales in the [1/2M˜̀, 2M˜̀] range.
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Figure 3. Total cross sections for stau pair production at the LHC, running at center-of-mass

energies of 7 TeV (upper panel) and 8 TeV (lower panel). We present predictions as functions of the

stau mass and the stau mixing angle after matching the NLO results with threshold resummation

at the NLL accuracy.
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As already found for smuon and selectron pair production, total cross sections associ-

ated with the production of a pair of left-handed sfermions are larger than those related to

the production of a pair of right-handed sfermions. Stau eigenstates mainly constituted of

a left-handed component are therefore more easily produced than when the right-handed

component is dominant. In the rest of this paper, we adopt a scenario where the stau

mixing is maximal, i.e., θτ̃ = π/4. One observes in figure 3 that this implies a cross section

value almost minimal for stau lighter than 200 GeV and slightly larger than the minimal

value for heavier staus. A large mixing can however allow for sizable loop-induced contri-

butions to stau pair production from bottom-antibottom or gluon-pair initial states [57].

This has not been considered in the present work.

3.3 Theoretical uncertainties

In the previous subsection, we have briefly mentioned that slepton pair production total

cross section predictions are stabilized with respect to scale variations when resummation

techniques are employed. The NLL+NLO prediction have indeed been found much less

dependent on the common unphysical scale µR = µF = M˜̀ than the LO and NLO expec-

tations, where the central scale value is taken as the mass of the produced sleptons. In

this section, we investigate this property more into detail and show, in figure 4, the scale

dependence of the total cross sections for different subprocesses, a slepton mass fixed to

300 GeV and a center-of-mass energy of 8 TeV. We separately consider variations of the

renormalization (upper panel of the figure) and factorization (lower panel of the figure)

scale for the production of a left-handed first or second generation slepton pair, a right-

handed first or second generation slepton pair and for a stau pair where the stau is defined

as a maximal admixture of the left-handed and right-handed stau gauge-eigenstates.

As mentioned above, we fix, on the upper panel of the figure, the factorization scale to

its central value, µF = M˜̀ = 300 GeV, and vary the renormalization scale µR by a factor of

four around this value. We study the dependence of the total rate, as a function of the ratio

µR/M˜̀, at LO and NLO of perturbative QCD and after matching the NLO results with

resummation predictions at the NLL accuracy. As the tree-level Feynman diagrams do not

exhibit any QCD vertex, the LO predictions are independent of the renormalization scale

µR. In contrast, logarithms of the renormalization scale appear at higher orders through the

strong coupling constant αs(µR) entering in both virtual loop-diagrams and real emission

diagrams, which makes the NLO and NLL+NLO results depending on µR. The NLO

cross sections hence decrease with increasing values of the renormalization scale, whilst at

the NLL accuracy, the resummation of soft gluon emissions attenuates this dependence,

increasing the size of the plateau region.

On the lower panel of figure 4, we conversely fix the renormalization scale to its central

value µR = M˜̀ = 300 GeV and vary the factorization scale µF by a factor of four around this

value, the results being presented as functions of the ratio µF /M˜̀. The LO estimates of the

cross sections feature a very strong dependence on the factorization scale, in particular due

to the employed leading order set of parton densities [55]. Using instead parton densities

including NLO corrections in their evolution and extracted by making use of more precise
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Figure 4. Total cross sections for the production of a pair of left-handed first or second generation

sleptons, right-handed first or second generation sleptons and maximally mixing staus at the LHC,

running at a center-of-mass energy of 8 TeV. We depict the dependence of the results on the

renormalization (upper panel) and factorization (lower panel) scales at the LO (dashed blue), NLO

(dashed-dotted green) and NLL+NLO (plain red) accuracy.
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Standard Model predictions [56] allows to largely tame this dependence,2 which is even

further reduced with soft gluon resummation although the same PDF sets are employed.

We now study another source of theoretical uncertainties for cross section predictions

and investigate the dependence of the results on the choice of the parton density fits. Up to

now, we have computed NLL+NLO cross sections using the best NLO fit provided by the

CTEQ collaboration, dubbed CT10 [56]. In order to assess the uncertainties arising from

this choice, we re-evaluate the total rate for slepton pair production at the LHC using each

of the 52 parton density fits accompanying the CT10 best fit, which allows to estimate the

effects of ±1σ variations along the n = 26 eigenvectors of the parton density fit covariance

matrix. The positive and negative variations ∆σup and ∆σdown from the central cross

section value σ0 are then computed by combining the 52 results,

∆σup =

√√√√ n∑
i=1

[
max

(
σ+i − σ0, σ−i − σ0, 0

)]2
,

∆σdown =

√√√√ n∑
i=1

[
max

(
σ0 − σ+i, σ0 − σ−i, 0

)]2
,

(3.5)

where σ+i and σ−i denote predictions obtained when employing a PDF set including a pos-

itive and negative variation along the ith eigenvector of the covariance matrix, respectively.

We finally compare the obtained cross section envelope to the ones obtained when making

use of the 90% confidence level MSTW 2008 parton density fit [58] and of the 2.3 version of

the NNPDF fit [59, 60]. In the first case, the uncertainties ∆σup and ∆σdown are computed

as above while in the latter case, we extract the 2σ range spanned by the 100 replica fits

provided with the NNPDF set. As NNPDF densities cannot be properly transformed in

Mellin space, the method described in section 3.1 is not appropriate. We instead rely, for a

fixed slepton mass, on the ratio κ of the NLL+NLO to NLO results which is expected to be

largely independent of the parton density choice if the two calculations employ PDF sets

evaluated at the same perturbative order. This feature has been verified with the CT10

and MSTW 2008 densities. Therefore, the NNPDF results at the NLL+NLO accuracy

are based on a pure NLO computation, rescaled by the average κ value obtained when

considering all CT10 or MSTW 2008 PDF sets.

The results are presented in figure 5, where we focus on the production of a pair of

left-handed sleptons at the LHC running at a center-of-mass energy of 8 TeV and study

the dependence of the predictions on different choices for the slepton mass. We normalize

the NLL+NLO predictions to the rate obtained when using the best NLO PDF fit pro-

vided by the CTEQ collaboration and include the uncertainties as defined above for the

CT10, MSTW 2008 and NNPDF 2.3 fits. We observe that up to these uncertainties, all

predictions agree over the covered slepton mass range at the percent level. However, while

the theoretical errors associated with the production of a pair of light sleptons are of a few

percents, they increase with the slepton mass, reaching about 10% for 500 GeV sleptons.

2A part of the effects is induced by the partonic cross sections which depend on both µR and µF at NLO

and NLL+NLO.
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Figure 5. Total cross sections for the production of a pair of left-handed sleptons at the LHC,

running at a center-of-mass energy of 8 TeV. We study the dependence of the results on the parton

density fits by showing predictions obtained with the central PDF fits as provided by the CTEQ

(plain), MSTW (dashed) and NNPDF (dotted) collaborations, normalized to results obtained when

using the best CT10 NLO fit. We indicate additionally the associated theoretical uncertainties for

all PDF choices.

This is due to the relevant regions of the (x, µ2F ) parameter space that lead to PDFs less

constrained by data when the slepton mass increases.

3.4 Summary tables

We summarize all the results computed in this section in table 1 and table 2 where we

provide slepton pair production cross sections at the LHC, running at a center-of-mass

energy of 7 TeV and 8 TeV, respectively, for different choices of the produced superparticle

masses and nature. We separately consider, in the framework of the series of benchmark

scenarios described in section 2.1, the production of left-handed and right-handed first or

second generation sleptons, together with the production of a pair of maximally mixing

staus in the context of benchmark scenarios as introduced in section 2.2. We additionally

indicate theoretical uncertainties induced by variations of the unphysical scales µR = µF by

a factor of two around the central scale value taken as the mass of the produced sleptons,

as well as those related to variations along the 26 eigenvectors of the covariance matrix

associated with the CT10 parton density fit which we compute as presented in section 3.3.
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M˜̀ [GeV] Final state LO [fb] NLO [fb] NLL+NLO [fb]

50

˜̀+
L

˜̀−
L 1381.00+6.8%

−27.4% 1740.00+16.4%+3.2%
−1.4%−4.5% 1723.00−0.6%+3.2%

−0.1%−4.5%
˜̀+
R

˜̀−
R 619.40+6.9%

−27.4% 780.80+16.4%+3.4%
−1.5%−4.5% 773.30−0.6%+3.4%

−0.1%−4.5%

τ̃+1 τ̃
−
1 407.20+5.9%

−28.1% 512.90+17.0%+3.9%
−1.3%−4.9% 506.90−0.6%+3.9%

−0.1%−4.9%

100

˜̀+
L

˜̀−
L 85.97+0.8%

−22.1% 102.60+16.0%+3.5%
−1.9%−4.7% 101.20+0.3%+3.5%

−0.2%−4.7%
˜̀+
R

˜̀−
R 38.88+0.8%

−22.2% 46.42+16.0%+4.0%
−1.8%−5.1% 45.80+0.3%+4.0%

−0.3%−5.1%

τ̃+1 τ̃
−
1 39.82+0.8%

−22.2% 47.53+16.0%+4.1%
−1.9%−5.3% 46.88+0.3%+4.1%

−0.3%−5.3%

150

˜̀+
L

˜̀−
L 18.06+3.4%

−19.8% 21.13+11.6%+4.0%
−2.0%−5.6% 20.80+0.5%+4.0%

−0.2%−5.6%
˜̀+
R

˜̀−
R 8.37+3.3%

−19.9% 9.79+11.7%+4.4%
−2.0%−6.3% 9.64+0.5%+4.4%

−0.2%−6.3%

τ̃+1 τ̃
−
1 8.81+3.3%

−19.8% 10.31+11.7%+4.7%
−1.9%−6.2% 10.16+0.6%+4.7%

−0.2%−6.2%

200

˜̀+
L

˜̀−
L 5.52+5.0%

−18.9% 6.40+9.1%+4.5%
−1.9%−6.5% 6.30+0.7%+4.5%

−0.0%−6.5%
˜̀+
R

˜̀−
R 2.59+4.9%

−18.9% 3.00+9.2%+5.2%
−1.9%−7.1% 2.95+0.7%+5.2%

−0.0%−7.1%

τ̃+1 τ̃
−
1 2.75+4.9%

−18.9% 3.19+9.2%+5.3%
−1.9%−7.2% 3.14+0.7%+5.3%

−0.0%−7.2%

250

˜̀+
L

˜̀−
L 2.06+6.2%

−18.5% 2.38+7.5%+5.1%
−1.8%−7.3% 2.34+0.7%+5.1%

−0.0%−7.3%
˜̀+
R

˜̀−
R 0.97+6.1%

−18.5% 1.12+7.6%+6.0%
−1.8%−7.8% 1.10+0.8%+6.0%

−0.0%−7.8%

τ̃+1 τ̃
−
1 1.04+6.1%

−18.5% 1.20+7.7%+5.9%
−1.8%−8.0% 1.18+0.8%+5.9%

−0.0%−8.0%

300

˜̀+
L

˜̀−
L 0.87+7.1%

−18.6% 1.00+6.5%+5.8%
−2.1%−8.0% 0.99+0.9%+5.8%

−0.1%−8.0%
˜̀+
R

˜̀−
R 0.41+7.1%

−18.5% 0.48+6.6%+6.7%
−2.0%−8.8% 0.47+0.9%+6.7%

−0.0%−8.8%

τ̃+1 τ̃
−
1 0.44+7.0%

−18.6% 0.51+6.6%+6.7%
−2.0%−8.9% 0.50+0.8%+6.7%

−0.1%−8.9%

350

˜̀+
L

˜̀−
L 0.40+7.9%

−18.9% 0.46+5.8%+6.5%
−2.2%−8.8% 0.45+1.0%+6.5%

−0.2%−8.8%
˜̀+
R

˜̀−
R 0.19+7.8%

−18.8% 0.22+5.9%+7.5%
−2.1%−9.8% 0.22+1.0%+7.5%

−0.2%−9.8%

τ̃+1 τ̃
−
1 0.20+7.8%

−18.8% 0.24+5.9%+7.7%
−2.1%−9.8% 0.23+1.0%+7.7%

−0.3%−9.8%

400

˜̀+
L

˜̀−
L 0.20+8.6%

−19.3% 0.23+5.4%+7.3%
−2.6%−9.4% 0.22+1.3%+7.3%

−0.3%−9.4%
˜̀+
R

˜̀−
R 0.09+8.5%

−19.2% 0.11+5.4%+8.5%
−2.7%−10.8% 0.11+1.2%+8.5%

−0.3%−10.8%

τ̃+1 τ̃
−
1 0.10+8.5%

−19.2% 0.12+5.4%+8.9%
−2.7%−10.6% 0.11+1.2%+8.9%

−0.3%−10.6%

450

˜̀+
L

˜̀−
L 0.10+9.2%

−19.9% 0.12+5.1%+8.1%
−3.1%−10.2% 0.11+1.3%+8.1%

−0.6%−10.2%
˜̀+
R

˜̀−
R 0.05+9.1%

−19.7% 0.06+5.1%+9.9%
−3.1%−11.6% 0.06+1.3%+9.9%

−0.6%−11.6%

τ̃+1 τ̃
−
1 0.05+9.0%

−19.7% 0.06+5.1%+10.0%
−3.1%−11.7% 0.06+1.3%+10.0%

−0.6%−11.7%

500

˜̀+
L

˜̀−
L 0.05+9.7%

−20.5% 0.06+4.9%+9.2%
−3.3%−10.7% 0.06+1.4%+9.2%

−0.9%−10.7%
˜̀+
R

˜̀−
R 0.03+9.6%

−20.4% 0.03+4.9%+11.4%
−3.2%−12.6% 0.03+1.4%+11.4%

−0.8%−12.6%

τ̃+1 τ̃
−
1 0.03+9.6%

−20.3% 0.03+4.9%+11.6%
−3.3%−12.7% 0.03+1.3%+11.6%

−0.8%−12.7%

Table 1. Total production cross sections at the LHC, running at a center-of-mass energy of 7 TeV,

for first or second generation left-handed and right-handed sleptons, as well as for maximally mixing

staus. Results are presented together with the associated scale and PDF uncertainties.
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M˜̀ [GeV] Final state LO [fb] NLO [fb] NLL+NLO [fb]

50

˜̀+
L

˜̀−
L 1623.00+7.7%

−27.9% 2058.00+16.1%+3.3%
−1.6%−4.4% 2039.00−0.8%+3.3%

−0.3%−4.4%
˜̀+
R

˜̀−
R 727.10+7.8%

−27.8% 921.90+16.1%+3.4%
−1.6%−4.5% 913.70−0.8%+3.4%

−0.3%−4.5%

τ̃+1 τ̃
−
1 478.40+6.9%

−28.6% 606.70+16.8%+3.9%
−1.5%−4.9% 600.10−0.8%+3.9%

−0.3%−4.9%

100

˜̀+
L

˜̀−
L 105.50+0.7%

−22.6% 126.50+16.6%+3.7%
−1.7%−4.8% 124.80+0.1%+3.7%

−0.3%−4.8%
˜̀+
R

˜̀−
R 47.61+0.7%

−22.6% 57.10+16.6%+3.8%
−1.7%−5.0% 56.36+0.2%+3.8%

−0.3%−5.0%

τ̃+1 τ̃
−
1 48.75+0.7%

−22.6% 58.45+16.6%+3.9%
−1.7%−5.2% 57.69+0.2%+3.9%

−0.3%−5.2%

150

˜̀+
L

˜̀−
L 23.02+2.6%

−20.0% 27.00+12.6%+4.2%
−1.9%−6.0% 26.61+0.5%+4.2%

−0.2%−6.0%
˜̀+
R

˜̀−
R 10.64+2.6%

−20.0% 12.48+12.7%+4.2%
−1.9%−5.7% 12.30+0.4%+4.2%

−0.2%−5.7%

τ̃+1 τ̃
−
1 11.20+2.6%

−20.1% 13.14+12.7%+4.4%
−1.9%−5.9% 12.96+0.5%+4.4%

−0.2%−5.9%

200

˜̀+
L

˜̀−
L 7.30+4.3%

−18.8% 8.47+10.0%+4.9%
−1.9%−7.0% 8.35+0.6%+4.9%

−0.0%−7.0%
˜̀+
R

˜̀−
R 3.41+4.2%

−18.8% 3.96+10.1%+4.8%
−1.9%−6.8% 3.90+0.6%+4.8%

−0.1%−6.8%

τ̃+1 τ̃
−
1 3.62+4.2%

−18.8% 4.21+10.1%+4.9%
−1.9%−6.8% 4.15+0.6%+4.9%

−0.1%−6.8%

250

˜̀+
L

˜̀−
L 2.82+5.4%

−18.3% 3.26+8.3%+5.7%
−1.8%−7.8% 3.21+0.7%+5.7%

−0.1%−7.8%
˜̀+
R

˜̀−
R 1.33+5.4%

−18.3% 1.54+8.4%+5.4%
−1.8%−7.6% 1.51+0.7%+5.4%

−0.1%−7.6%

τ̃+1 τ̃
−
1 1.42+5.4%

−18.3% 1.64+8.4%+5.6%
−1.8%−7.4% 1.61+0.7%+5.6%

−0.1%−7.4%

300

˜̀+
L

˜̀−
L 1.24+6.4%

−18.2% 1.43+7.1%+6.3%
−1.8%−8.8% 1.40+0.7%+6.3%

−0.0%−8.8%
˜̀+
R

˜̀−
R 0.59+6.3%

−18.2% 0.68+7.2%+6.1%
−1.8%−8.2% 0.67+0.8%+6.1%

−0.0%−8.2%

τ̃+1 τ̃
−
1 0.63+6.3%

−18.1% 0.72+7.2%+6.2%
−1.8%−8.2% 0.71+0.7%+6.2%

−0.0%−8.2%

350

˜̀+
L

˜̀−
L 0.59+7.1%

−18.3% 0.68+6.3%+7.3%
−2.1%−9.5% 0.67+0.9%+7.3%

−0.1%−9.5%
˜̀+
R

˜̀−
R 0.28+7.1%

−18.2% 0.32+6.3%+6.8%
−2.0%−8.9% 0.32+0.8%+6.8%

−0.1%−8.9%

τ̃+1 τ̃
−
1 0.30+7.1%

−18.2% 0.35+6.4%+6.8%
−2.0%−9.1% 0.34+0.8%+6.8%

−0.1%−9.1%

400

˜̀+
L

˜̀−
L 0.30+7.8%

−18.6% 0.35+5.7%+8.3%
−2.2%−10.2% 0.34+1.0%+8.3%

−0.3%−10.2%
˜̀+
R

˜̀−
R 0.14+7.7%

−18.5% 0.17+5.8%+7.6%
−2.0%−9.6% 0.16+1.0%+7.6%

−0.2%−9.6%

τ̃+1 τ̃
−
1 0.15+7.7%

−18.4% 0.18+5.8%+7.6%
−2.1%−9.9% 0.17+1.0%+7.6%

−0.2%−9.9%

450

˜̀+
L

˜̀−
L 0.16+8.4%

−18.9% 0.19+5.3%+9.4%
−2.5%−11.2% 0.18+1.2%+9.4%

−0.3%−11.2%
˜̀+
R

˜̀−
R 0.08+8.3%

−18.8% 0.09+5.4%+8.5%
−2.5%−10.5% 0.09+1.2%+8.5%

−0.3%−10.5%

τ̃+1 τ̃
−
1 0.08+8.3%

−18.8% 0.10+5.4%+8.6%
−2.5%−10.6% 0.09+1.2%+8.6%

−0.3%−10.6%

500

˜̀+
L

˜̀−
L 0.09+8.9%

−19.4% 0.10+5.1%+10.8%
−2.5%−11.9% 0.10+1.3%+10.8%

−0.6%−11.9%
˜̀+
R

˜̀−
R 0.04+8.8%

−19.3% 0.05+5.1%+9.6%
−2.7%−11.3% 0.05+1.3%+9.6%

−0.5%−11.3%

τ̃+1 τ̃
−
1 0.05+8.8%

−19.3% 0.05+5.1%+9.7%
−2.8%−11.4% 0.05+1.3%+9.7%

−0.5%−11.4%

Table 2. Same as table 1, but for a center-of-mass energy of 8 TeV.
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4 Sensitivity to slepton pair production at the LHC

Until recently, both LHC collaborations were mainly focusing on searches for the strongly

interacting superpartners. As a consequence of the associated negative search results,

the interest in the production of the electroweak superpartners, and in particular in the

production of a pair of charged sleptons, has increased over the last few years. Dedicated

direct slepton ATLAS and CMS analyses have hence allow one to improve, for the first

time from the end of LEP experiments, the bounds on the slepton masses.

We dedicate this section to the reinterpretation of the recent ATLAS results of ref. [7]

and CMS results of ref. [15]. These two analyses both contain a signal region focusing on

final states featuring an electron-positron or muon-antimuon pair produced in association

with missing transverse energy. They are therefore suitable for the extraction of bounds

on the first and second generation sleptons from their direct pair production at the LHC,

followed by their subsequent decays into the corresponding Standard Model partner and

missing energy. The limits on the slepton masses obtained from those analyses have been

initially deduced after considering simplified models such as those introduced in section 2.1

but under a very specific setup in terms of the nature of the sleptons and neutralinos. In

section 4.1 and section 4.2, we generalize these results in the context of arbitrary neutralino

(bino, wino or mixed bino-wino3) and slepton (left-handed or right-handed) compositions,

and also study their dependence on the slepton flavor.

The ATLAS analysis of ref. [10] is based on the production of two hadronically-decaying

taus with missing energy, so that it could be in principle recast in the context of the pro-

duction of a pair of staus in the framework of any of the benchmark scenario of the class

of simplified models designed in section 2.2. However, a complicated tau reconstruction

together with small signal cross sections, in particular once we include the tau decay branch-

ing ratios, render the task of constraining the simplified model parameter space impossible.

This would indeed requires cross sections larger by at least factors of 10-50 in the best cases

(i.e., in the low mass region of the parameter space) in order to imply at least a few visible

events assuming the currently available luminosity.

In order to simulate signal events at the LHC, we employ the Monte Carlo event

generator MadGraph 5 [61] and use its interface to Pythia 6 [62] to generate hadron-level

events from the merging of parton-level events associated with matrix elements containing

up to two additional hard jets [63–65]. While the Tauola [66] package is employed for

the handling of tau decays, detector simulation is performed by means of the Delphes

program [67], using the recent CMS detector description of ref. [68] and the built-in ATLAS

detector setup. The simplified scenarios that have been designed in section 2 have been

implemented in MadGraph 5 via the UFO interface [69] of FeynRules [70–74] and the

generated events are reweighted according to the NLL+NLO predictions as computed by

Resummino [39]. Event analysis is finally performed by means of the MadAnalysis 5

program [75, 76], after having reconstructed the jets with the anti-kT algorithm (using a

radius parameter set to R = 0.5) [77] as implemented in the FastJet package [78].

3Due to the negligible first and second generation Yukawa couplings, selectrons and smuons do not couple

to the Higgsino components of the neutralinos that are therefore not considered.
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By the time this work was being completed, additional simplified models with differ-

ent slepton/neutralino definitions have been investigated by both the ATLAS and CMS

collaborations [11, 16], extending the earlier analyses of refs. [7, 15]. When a comparison

is possible, the obtained results have been found to fairly agree with our predictions.

4.1 Revisiting ATLAS searches for first and second generation sleptons

In this section, we start by recasting the ATLAS analysis of ref. [7] dedicated to first

and second generation slepton searches in LHC collisions at a center-of-mass energy of

7 TeV. After generating signal events by means of the above-mentioned simulation setup,

we apply the selection strategy designed by the ATLAS collaboration and demand the

following criteria to be satisfied.

• We require the event final state to contain exactly two isolated leptons of the same

flavor, their transverse momentum being imposed to be greater than 10 GeV and their

pseudorapidity to fulfill |η| ≤ 2.47 and |η| ≤ 2.4 for electrons and muons, respectively.

The isolation is enforced by constraining the transverse activity in a cone of radius

R =
√

∆ϕ2 + ∆η2 = 0.2 centered on the lepton, ϕ being the azimuthal angle with

respect to the beam direction, to be less than 10% of the lepton pT for electrons and

less than 1.8 GeV for muons.

• Events featuring at least one jet with a transverse momentum pT ≥ 30 GeV and a

pseudorapidity |η| ≤ 2.5 are vetoed.

• The lepton pair is asked not to be compatible with a Z-boson, the dilepton invariant

mass m`` being constrained to be off the Z-boson peak, m`` 6∈ [80, 100] GeV.

• We ask the final state to contain a significant quantity of relative missing transverse

energy E/ rel
T ≥ 40 GeV, where the relative missing transverse energy is defined as the

missing transverse energy E/T when the azimuthal angle ϕ̃ between the direction of

the missing momentum and that of the nearest reconstructed object is larger than

π/2, and by E/ rel
T = E/T sin ϕ̃ otherwise.

• The properties of the mT2 variable [79] are finally exploited and we select events for

which mT2 ≥ 90 GeV.

Focusing on different scenarios from the class of simplified models introduced in sec-

tion 2.1, the results are presented in figure 6. We first restrict ourselves to the production

of a pair of left-handed selectrons decaying into a pair of leptons and missing energy. We

consider three choices for the nature of the lightest neutralino, namely a pure bino state

(N1 = 1; N2 = N3 = N4 = 0; left panel of the figure), a pure wino state (N2 = 1;

N1 = N3 = N4 = 0; central panel of the figure) and a mixed state (N1 = N2 = 1/
√

2;

N3 = N4 = 0; right panel of the figure). We show the visible cross section σvis for a

center-of-mass energy of 7 TeV, defined as the fraction of the cross section giving rise to

events that can be observed by the ATLAS experiment when using the analysis described

above, in (M˜̀,Mχ̃0
1
) mass planes. In addition, we superimpose to the cross section results
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Figure 6. 95% confidence exclusion limit for left-handed selectron pair production, given in the

(M˜̀,Mχ̃0
1
) mass plane of the simplified model of section 2.1 for different choices of the neutralino

nature taken as bino (left), wino (center) and mixed (right). We present the visible cross section

after applying the ATLAS selection strategy depicted in the text. The limits are extracted for

4.7 fb−1 of LHC collisions at a center-of-mass energy of 7 TeV.

the 95% confidence level contours that can be extracted from the ATLAS bounds on the

visible cross section σvis ≤ 1.5 fb.

The selectron being a scalar field, we expect the direct production of a pair of selectrons

followed by their decay into electrons and lightest neutralinos to be non-sensitive to the

neutralino nature. This is illustrated by the three panels of figure 6, that show that

the LHC reach is independent of the neutralino nature. For almost massless neutralinos,

selectrons with masses ranging up to about 175 GeV are found excluded by 4.7 fb−1 of

7 TeV LHC data. This upper bound holds for any neutralino mass smaller than 100 GeV,

a value from which the sensitivity drops so that no constraints can be derived from data.

In addition, benchmark models featuring a compressed spectrum still offer a way to evade

LHC constraints since final state leptons originating from slepton decays are in this case

too soft for being detected.

This independence of the results on the neutralino nature is also depicted on figure 7,

where we present different kinematical observables. We focus on the transverse-momentum

spectra of the two detected leptons `1 and `2 (first line of the figure), the missing transverse

energy distribution (left panel of the second line of the figure), the transverse mass of the

lepton pair MT (`1`2) (right panel of the second line of the figure), the angular distance

in the azimuthal plane between the two leptons ∆Φ(`1`2) (left panel of the third line of

the figure), their pseudorapidity separation ∆η(`1`2) (right panel of the third line of the

figure), the angular distance in the azimuthal plane of the missing momentum with the

lepton pair ∆Φ(`1`2, E/T ) as well as the one with the hardest lepton ∆Φ(`1, E/T ) (last line

of the figure). On the different subfigures, we superimpose results obtained for simplified

models exhibiting different neutralino natures and fix, for the sake of the example, the

slepton and neutralino masses to 100 GeV and 60 GeV, respectively. From now on, we

consider the neutralino to be a mixed wino-bino state.

In figure 8, we study the dependence of the results on the left-handed and right-handed

nature of the produced sleptons, as well as on their flavor. Concerning muonic final states,
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Figure 7. Properties of the dilepton plus missing energy final state arising from the production

and decay of a pair of left-handed selectrons, for a benchmark scenario where the neutralino mass

is set to 60 GeV and the left-handed selectron mass to 100 GeV. The distributions are shown for

different choices of the neutralino nature.
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Figure 8. Same as in figure 6, but for the production of a pair of left-handed smuons (left),

right-handed selectrons (center) and right-handed smuons (right).

visible cross sections larger than 1.6 fb have been excluded by the ATLAS collaboration.

The resulting 95% exclusion limits are presented on the left and right panels of the figure

for left-handed and right-handed muons, respectively. The central panel of the figure is

dedicated to the only species of sleptons not considered yet, i.e., right-handed selectrons.

The different selections of muon and electron candidates, together with the slightly differ-

ent detector acceptance for both types of particles, imply that the ATLAS results of ref. [7]

more strongly constrain the simplified model parameter space related to smuon models

than the one related to selectron models. In addition, the larger left-handed slepton pro-

duction rate allows to reach a larger mass range as when considering right-handed sleptons.

Consequently, masses ranging up to 175 GeV (220 GeV) and 150 GeV (180 GeV) are found

excluded for models containing a left-handed and right-handed selectrons (smuons), respec-

tively, when the neutralino is assumed massless. Contrary, when the neutralino is heavier

than 100 GeV and 60 GeV in the left-handed and right-handed selectron cases, and heavier

than 130 GeV and 100 GeV in the left-handed and right-handed smuon cases, respectively,

all sensitivity is lost. These properties are also illustrated on figure 9 where we present

the variations of the kinematical distributions already considered in figure 7, but this time

when we modify the nature of the produced sleptons. We compare the shapes of the vari-

ous distributions and observe differences for electron and muon spectra, the figures having

been obtained prior the Z-boson veto, missing energy selection and the mT2 selection steps

of the analysis.

4.2 Revisiting CMS searches for first and second generation sleptons

First and second generation sleptons have also been searched for in LHC collisions at a

center-of-mass energy of 8 TeV, for instance in the CMS analysis of ref. [15] which we focus

on in this subsection. This analysis contains several signal regions, one of them being

expected to be sensitive to direct slepton pair production followed by their decays into

the associated Standard Model partners and missing energy. The corresponding selection

strategy is defined as follows.

• We select jets whose transverse momentum is larger than 30 GeV and pseudorapidity

|η| ≤ 2.5. A veto on events containing at least one b-tagged jet is then applied, our

b-tagging efficiency and mistagging rates being described in ref. [68].
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Figure 9. Same as in figure 7 but when the neutralino nature is fixed to a bino-wino mixed state

and for the production of different types of sleptons.

– 22 –



J
H
E
P
0
1
(
2
0
1
4
)
1
6
8

• Signal electrons (muons) are defined as isolated electron (muon) candidates with a

transverse momentum larger than 20 GeV and a pseudorapidity such that |η| ≤ 2.4.

The isolation criterion is imposed by requiring that the activity in a cone of radius

R = 0.3 around the lepton is smaller than 15% of the lepton pT .

• We select events containing two leptons of the same flavor and with an opposite

electric charge and impose the dilepton invariant mass m`` to be first larger than

12 GeV (to veto events with a leptonically-decaying hadronic resonance) and next

not compatible with the mass of the Z-boson, m`` 6∈ [75, 105] GeV.

• Each jet lying within a cone of radius R = 0.4 around an electron is removed from

the analysis.

• We require the event final state to feature at least 60 GeV of missing transverse energy

and a transverse contransverse mass MCT⊥ [80] larger than 100 GeV.

We reinterpret this analysis in the framework of the pair production of left-handed and

right-handed sleptons in the left and right panels of figure 10, respectively. Those results

are extracted after summing over both selectron and smuon channels, considering the two

types of superpartners mass-degenerate, and our predictions are given for an integrated

luminosity of 9.2 fb−1 of LHC collisions at a center-of-mass energy of 8 TeV. We present,

in both panels of the figure, (M˜̀,Mχ̃0
1
) planes with the visible cross section defined as

the fraction of the cross section remaining after applying the CMS selection described

above. We then superimpose 95% confidence level exclusion contours extracted from the

observation by the CMS experiment of six data events. This number is compared to our

computations of the signal contribution, summed to the Standard Model expectation as

calculated by the CMS experiment, which is given by 14.2± 4.5 events.

We observe that left-handed and right-handed sleptons of masses ranging up to 310 GeV

and 250 GeV are excluded, respectively, in the case the lightest neutralino is massless.

These upper bounds hold, like for the results shown in section 4.1, for heavier neutrali-

nos with masses smaller than 150 GeV (100 GeV) in the case of left-handed (right-handed)

sleptons. Moreover, the CMS analysis is found to be insensitive to sleptons via their di-

rect production mechanism both when the neutralino mass is larger than those values, and

when the mass difference M˜̀−Mχ̃0
1

becomes smaller than 70 GeV, the bulk of the Standard

Model leptons originating from the slepton decays being soft enough not to populate the

signal region.

5 Conclusion

In conclusion, we have updated in this paper our precision predictions at next-to-leading

order of perturbative QCD matched to resummation at the next-to-leading logarithmic

accuracy for direct slepton pair production in proton-proton collisions. We used simplified

models, which are now commonly adopted by the experimental collaborations for selec-

trons and smuons as well as mixing staus, as benchmarks for total cross sections at past

(
√
S = 7 TeV and 8 TeV) and future (

√
S = 13 TeV and 14 TeV) center-of-mass energies.
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Figure 10. 95% confidence exclusion limit for left-handed (left) and right-handed (right) slepton

pair production, given in the (M˜̀,Mχ̃0) mass plane of the simplified model of section 2.1, for a

mixed bino-wino neutralino and after summing over both first and second slepton generations. We

present signal cross sections σvis that are visible after having applied the CMS selection strategy

depicted in the text. The limits are extracted for 9.2 fb−1 of LHC collisions at a center-of-mass

energy of 8 TeV.

Our calculations stabilized the cross sections considerably with respect to renormalization

and factorization scale uncertainties, but also with respect to parton density variations.

The most precise slepton-pair production cross section values have in this way been made

available so that they can now be used in all future LHC experimental analyses dedicated

to the direct search for sleptons.

They were then employed in combination with modern Monte Carlo techniques to

reanalyze recent ATLAS and CMS slepton searches for various assumptions on the decom-

position of the sleptons and their neutralino decay products, giving rise to more precise

and more specific current exclusion limits for first- and second-generation sleptons. We

conclude from our results that exhibit different limits for selectron and smuon scenarios

and for both chiralities, that it might be valuable to present, in the future, slepton results

without combining left-handed and right-handed channels, as well as selectron and smuon

ones. However, a reanalysis of an ATLAS stau search within our simplified model param-

eter space proved to be impossible due to a complicated tau reconstruction together with

small signal cross sections, in particular once tau decay branching ratios were included.

A Total cross sections at center-of-mass energies of 13TeV and 14TeV

This appendix complements the summary tables of section 3.4 and contains total cross

sections for slepton pair production at the LHC. We focus on the future runs at center-

of-mass energies of 13 TeV and 14 TeV and respectively present the results, in table 3 and

table 4, for specific choices of the slepton mass. Our predictions are given together with
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the uncertainties arising from the variation of the unphysical scales by a factor of two

around their central value chosen to be the produced slepton mass, as well as those issued

from the choice of the parton densities. The latter have been computed by using the 52

parton density fits obtained from variations along the 26 eigenvectors of the covariance

matrix associated with the CT10 NLO best fit of the CTEQ collaboration, adopted as our

central choice.
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M˜̀ [GeV] Final state LO [fb] NLO [fb] NLO+NLL [fb]

50

˜̀+
L

˜̀−
L 3194.60+9.8%

−11.2% 4139.50+1.2%
−0.7%

+3.1%
−3.7% 4104.90+1.4%

−1.6%
+3.1%
−3.6%

˜̀+
R

˜̀−
R 1071.70+9.8%

−11.1% 1389.10+1.1%
−0.8%

+3.2%
−3.8% 1377.60+1.4%

−1.6%
+3.3%
−3.7%

τ̃+1 τ̃
−
1 731.01+8.8%

−10.2% 952.84+0.7%
−0.2%

+3.8%
−4.5% 943.29+1.2%

−1.3%
+3.8%
−4.4%

100

˜̀+
L

˜̀−
L 223.80+2.9%

−3.9% 273.89+1.5%
−0.8%

+3.2%
−3.5% 270.79+0.0%

−0.4%
+3.3%
−3.4%

˜̀+
R

˜̀−
R 79.68+2.9%

−3.9% 97.59+1.5%
−0.8%

+3.5%
−4.1% 96.51+0.0%

−0.3%
+3.6%
−4.0%

τ̃+1 τ̃
−
1 84.85+2.9%

−3.9% 103.94+1.5%
−0.9%

+3.7%
−4.3% 102.77+0.0%

−0.3%
+3.7%
−4.3%

150

˜̀+
L

˜̀−
L 53.88+0.1%

−0.7% 64.12+1.9%
−1.3%

+3.4%
−3.9% 63.34+0.1%

−0.3%
+3.4%
−3.9%

˜̀+
R

˜̀−
R 19.81+0.1%

−0.7% 23.60+1.9%
−1.3%

+3.7%
−4.4% 23.32+0.1%

−0.3%
+3.7%
−4.5%

τ̃+1 τ̃
−
1 21.69+0.1%

−0.7% 25.83+1.9%
−1.3%

+3.7%
−4.6% 25.53+0.1%

−0.3%
+3.8%
−4.6%

200

˜̀+
L

˜̀−
L 18.84+1.3%

−1.6% 22.07+2.0%
−1.5%

+3.6%
−4.4% 21.81+0.1%

−0.4%
+3.6%
−4.4%

˜̀+
R

˜̀−
R 7.03+1.3%

−1.6% 8.25+2.0%
−1.5%

+3.9%
−4.9% 8.15+0.1%

−0.4%
+3.9%
−4.9%

τ̃+1 τ̃
−
1 7.77+1.3%

−1.6% 9.11+2.0%
−1.5%

+3.9%
−5.0% 9.00+0.1%

−0.4%
+3.9%
−5.0%

250

˜̀+
L

˜̀−
L 8.04+2.8%

−2.9% 9.33+2.0%
−1.7%

+3.9%
−4.9% 9.21+0.3%

−0.4%
+3.9%
−5.0%

˜̀+
R

˜̀−
R 3.03+2.8%

−2.8% 3.52+2.0%
−1.7%

+4.2%
−5.3% 3.47+0.2%

−0.4%
+4.2%
−5.3%

τ̃+1 τ̃
−
1 3.36+2.8%

−2.8% 3.90+2.0%
−1.7%

+4.2%
−5.4% 3.85+0.1%

−0.4%
+4.3%
−5.4%

300

˜̀+
L

˜̀−
L 3.89+4.0%

−3.8% 4.49+2.0%
−1.8%

+4.2%
−5.4% 4.43+0.1%

−0.3%
+4.2%
−5.4%

˜̀+
R

˜̀−
R 1.48+3.9%

−3.8% 1.70+2.0%
−1.8%

+4.5%
−5.7% 1.68+0.2%

−0.3%
+4.5%
−5.7%

τ̃+1 τ̃
−
1 1.64+3.9%

−3.8% 1.89+2.0%
−1.8%

+4.6%
−5.8% 1.87+0.2%

−0.3%
+4.6%
−5.8%

350

˜̀+
L

˜̀−
L 2.05+4.9%

−4.6% 2.36+2.1%
−2.0%

+4.6%
−5.9% 2.33+0.0%

−0.3%
+4.6%
−5.9%

˜̀+
R

˜̀−
R 0.78+4.8%

−4.5% 0.90+2.1%
−2.0%

+4.9%
−6.1% 0.89+0.0%

−0.3%
+4.9%
−6.1%

τ̃+1 τ̃
−
1 0.87+4.8%

−4.5% 1.00+2.0%
−2.0%

+5.0%
−6.2% 0.99+0.0%

−0.3%
+4.9%
−6.3%

400

˜̀+
L

˜̀−
L 1.15+5.7%

−5.2% 1.32+2.1%
−2.1%

+5.0%
−6.3% 1.31+0.0%

−0.3%
+5.0%
−6.5%

˜̀+
R

˜̀−
R 0.44+5.7%

−5.2% 0.51+2.1%
−2.1%

+5.3%
−6.6% 0.50+0.0%

−0.4%
+5.2%
−6.7%

τ̃+1 τ̃
−
1 0.49+5.6%

−5.2% 0.56+2.1%
−2.1%

+5.4%
−6.6% 0.56+0.0%

−0.3%
+5.3%
−6.8%

450

˜̀+
L

˜̀−
L 0.68+6.4%

−5.8% 0.78+2.1%
−2.2%

+5.4%
−6.8% 0.77+0.0%

−0.3%
+5.4%
−6.8%

˜̀+
R

˜̀−
R 0.26+6.4%

−5.7% 0.30+2.1%
−2.2%

+5.7%
−7.0% 0.30+0.0%

−0.3%
+5.7%
−7.0%

τ̃+1 τ̃
−
1 0.29+6.3%

−5.7% 0.33+2.1%
−2.2%

+5.8%
−7.0% 0.33+0.0%

−0.3%
+5.7%
−7.1%

500

˜̀+
L

˜̀−
L 0.42+7.1%

−6.3% 0.48+2.1%
−2.3%

+5.8%
−7.2% 0.47+0.0%

−0.4%
+5.9%
−7.1%

˜̀+
R

˜̀−
R 0.16+7.0%

−6.2% 0.18+2.1%
−2.3%

+6.1%
−7.4% 0.18+0.0%

−0.3%
+6.2%
−7.4%

τ̃+1 τ̃
−
1 0.18+7.0%

−6.2% 0.21+2.1%
−2.3%

+6.2%
−7.5% 0.20+0.0%

−0.3%
+6.3%
−7.4%

Table 3. Total production cross sections at the LHC, running at a center-of-mass energy of 13 TeV,

for first or second generation left-handed and right-handed sleptons, as well as for maximally mixing

staus. Results are presented together with the associated scale and PDF uncertainties.
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M˜̀ [GeV] Final state LO [fb] NLO [fb] NLO+NLL [fb]

50

˜̀+
L

˜̀−
L 3467.30+10.3%

−11.7% 4507.50+1.3%
−0.9%

+3.1%
−3.8% 4470.80+1.6%

−1.6%
+3.2%
−3.7%

˜̀+
R

˜̀−
R 1162.40+10.3%

−11.6% 1511.40+1.3%
−1.0%

+3.2%
−3.8% 1499.50+1.6%

−1.7%
+3.2%
−3.8%

τ̃+1 τ̃
−
1 792.71+9.3%

−10.7% 1037.10+0.9%
−0.4%

+3.8%
−4.5% 1027.10+1.3%

−1.4%
+3.8%
−4.4%

100

˜̀+
L

˜̀−
L 246.85+3.4%

−4.4% 303.04+1.3%
−0.7%

+3.2%
−3.4% 299.78+0.0%

−0.5%
+3.2%
−3.4%

˜̀+
R

˜̀−
R 87.75+3.3%

−4.4% 107.81+1.4%
−0.7%

+3.5%
−4.0% 106.68+0.0%

−0.4%
+3.5%
−4.1%

τ̃+1 τ̃
−
1 93.41+3.3%

−4.3% 114.79+1.4%
−0.7%

+3.6%
−4.3% 113.58+0.0%

−0.4%
+3.6%
−4.3%

150

˜̀+
L

˜̀−
L 60.19+0.5%

−1.2% 71.82+1.8%
−1.2%

+3.3%
−3.8% 70.98+0.0%

−0.3%
+3.3%
−3.8%

˜̀+
R

˜̀−
R 22.09+0.5%

−1.2% 26.38+1.8%
−1.2%

+3.6%
−4.3% 26.09+0.0%

−0.4%
+3.6%
−4.3%

τ̃+1 τ̃
−
1 24.18+0.5%

−1.2% 28.88+1.8%
−1.2%

+3.7%
−4.5% 28.55+0.0%

−0.4%
+3.7%
−4.5%

200

˜̀+
L

˜̀−
L 21.29+0.9%

−1.2% 25.00+1.9%
−1.4%

+3.5%
−4.2% 24.70+0.1%

−0.4%
+3.5%
−4.3%

˜̀+
R

˜̀−
R 7.94+0.8%

−1.2% 9.32+1.9%
−1.4%

+3.8%
−4.7% 9.22+0.1%

−0.4%
+3.8%
−4.8%

τ̃+1 τ̃
−
1 8.76+0.8%

−1.2% 10.29+1.9%
−1.4%

+3.9%
−4.9% 10.17+0.1%

−0.4%
+3.9%
−4.9%

250

˜̀+
L

˜̀−
L 9.19+2.4%

−2.5% 10.69+2.0%
−1.6%

+3.8%
−4.7% 10.55+0.0%

−0.4%
+3.8%
−4.8%

˜̀+
R

˜̀−
R 3.46+2.3%

−2.4% 4.02+2.0%
−1.6%

+4.0%
−5.2% 3.97+0.0%

−0.4%
+4.1%
−5.2%

τ̃+1 τ̃
−
1 3.83+2.3%

−2.4% 4.46+2.0%
−1.6%

+4.1%
−5.2% 4.41+0.0%

−0.4%
+4.1%
−5.3%

300

˜̀+
L

˜̀−
L 4.50+3.5%

−3.4% 5.20+2.0%
−1.7%

+4.1%
−5.2% 5.13+0.2%

−0.4%
+4.1%
−5.3%

˜̀+
R

˜̀−
R 1.70+3.5%

−3.4% 1.97+2.0%
−1.7%

+4.3%
−5.5% 1.94+0.2%

−0.4%
+4.4%
−5.6%

τ̃+1 τ̃
−
1 1.89+3.4%

−3.4% 2.19+2.0%
−1.7%

+4.4%
−5.6% 2.16+0.2%

−0.4%
+4.4%
−5.7%

350

˜̀+
L

˜̀−
L 2.40+4.5%

−4.2% 2.76+2.0%
−1.9%

+4.4%
−5.6% 2.73+0.0%

−0.3%
+4.3%
−5.8%

˜̀+
R

˜̀−
R 0.91+4.4%

−4.1% 1.05+2.0%
−1.9%

+4.7%
−5.9% 1.04+0.0%

−0.3%
+4.7%
−6.1%

τ̃+1 τ̃
−
1 1.02+4.4%

−4.1% 1.17+2.0%
−1.9%

+4.8%
−6.0% 1.16+0.1%

−0.3%
+4.8%
−6.0%

400

˜̀+
L

˜̀−
L 1.36+5.3%

−4.9% 1.56+2.0%
−2.0%

+4.8%
−6.1% 1.54+0.0%

−0.3%
+4.9%
−6.1%

˜̀+
R

˜̀−
R 0.52+5.2%

−4.8% 0.60+2.0%
−2.0%

+5.1%
−6.3% 0.59+0.0%

−0.3%
+5.2%
−6.3%

τ̃+1 τ̃
−
1 0.58+5.2%

−4.8% 0.67+2.0%
−2.0%

+5.1%
−6.4% 0.66+0.0%

−0.3%
+5.2%
−6.4%

450

˜̀+
L

˜̀−
L 0.81+6.0%

−5.4% 0.93+2.1%
−2.1%

+5.1%
−6.5% 0.92+0.0%

−0.2%
+5.3%
−6.5%

˜̀+
R

˜̀−
R 0.31+5.9%

−5.4% 0.36+2.0%
−2.1%

+5.4%
−6.7% 0.35+0.0%

−0.2%
+5.6%
−6.7%

τ̃+1 τ̃
−
1 0.35+5.9%

−5.3% 0.40+2.0%
−2.1%

+5.5%
−6.7% 0.39+0.0%

−0.3%
+5.6%
−6.7%

500

˜̀+
L

˜̀−
L 0.50+6.6%

−5.9% 0.58+2.1%
−2.2%

+5.5%
−6.9% 0.57+0.0%

−0.3%
+5.4%
−7.0%

˜̀+
R

˜̀−
R 0.19+6.5%

−5.8% 0.22+2.1%
−2.2%

+5.8%
−7.1% 0.22+0.0%

−0.3%
+5.6%
−7.2%

τ̃+1 τ̃
−
1 0.22+6.5%

−5.8% 0.25+2.1%
−2.2%

+5.9%
−7.1% 0.24+0.0%

−0.3%
+5.8%
−7.2%

Table 4. Same as table 3, but for a center-of-mass energy of 14 TeV.
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