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1. Introduction

Supersymmetry (SUSY) is a hypothetical extension of the Standard Model of particle physics,
that is appealing due to the simplicity of its underlying theoretical idea, its predictiveness and the
fact that it allows to answer a number of open questions in the Standard Model. Supersymmetry
complements the Standard Model by an additional symmetry that relates fermions and bosons. It
thereby proposes a solution to the fine-tuning problem of the Higgs mass, allows for a unification
of the gauge coupling constants of the strong and electroweak force at the energy scale of Grand
Unified Theories, and it also provides a weakly-interacting massive particle as a candidate for cold
dark matter. In the Minimal Supersymmetric Standard Model (MSSM) as the consistent extension
of the Standard Model with the smallest number of additional particles, the particle content roughly
doubles with respect to the known spectrum of elementary particles. All of these new particles are
being searched for at the Large Hadron Collider (LHC, [1]) using proton–proton collision data
that is recorded, among others, by the two big experiments, the ATLAS detector [2] and the CMS
detector [3].

Part of this extensive search program are searches for tau sleptons (τ̃), the supersymmetric
scalar partners of the tau leptons of the Standard Model. The chiral supermultiplets for the third
generation of charged leptons contain a scalar partner for each of the left- and right-handed chirality
components of the tau lepton. These two new particles, denoted τ̃L and τ̃R, can mix and give rise to
a lighter mass eigenstate τ̃1 and a heavier state τ̃2. The kinematics of the products from the decay
of the tau slepton into a tau lepton and a neutralino, τ̃ → τ χ̃0, depends on the mixing of the τ̃ and
nature of the χ̃0, which is itself a mixed state of the supersymmetric partners of the Higgs bosons
and electroweak gauge bosons of the MSSM. Production of tau sleptons at the LHC can happen
directly via a Z boson or photon in quark-antiquark annihilation as shown in the right-most diagram
in Figure 1. The other diagrams in Figure 1 show how tau sleptons can be produced indirectly in
the decay chains of supersymmetric particles such as gluinos (g̃ ), top squarks (t̃1), charginos (χ̃±1 )
and neutralinos (χ̃0

2 ).
The cross sections for the production of these supersymmetric particles vary over many orders

of magnitude and depend on their couplings and their masses as shown in Figure 2. Supersymmetric
particles that carry color charge have the largest cross sections. The figure shows the cross sections
for production of gluino pairs, squark pairs q̃q̃∗ (summing over the first and the second generation of
squarks and bottom squarks, which are here assumed to be mass-degenerate), and top-squark pairs.
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Figure 1: Diagrams of production of pairs of tau sleptons in proton–proton collisions. From left to right:
indirect production in decay chains following the production of gluino pairs, top-squark pairs and pairs of
electroweak gauginos; direct production.
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Figure 2: Cross sections for the production of various supersymmetric particles in proton–proton collisions
at a center-of-mass energy of

√
s = 13 TeV as function of the (assumed) mass of the particles [4 – 12]; values

taken from [13, 14].

The production cross sections via the electroweak interaction for charginos and neutralinos are
considerably smaller, and yet smaller is that of direct production of sleptons (˜̀) through a Drell–
Yan process. This also determines the order in which the experiments at the LHC have become
sensitive to the various supersymmetric particles and the mass reach of the exclusion limits for these
particles in simplified-model interpretations. Simplified models are widely used now to interpret
the observations in searches for new particles not only for supersymmetric scenarios. They only
consider a specific production mode and decay chain and make additional simplifying assumptions
on the branching ratios and masses so that the number of free parameters is reduced a lot. The free
parameters are usually chosen to be two of the masses of the new particles so that the sensitivity of
a search can be displayed in terms of the exclusion reach on the mass assumptions.

In these proceedings, results from recent searches for direct and indirect production of tau
sleptons by both the ATLAS and CMS collaborations are presented. All of these searches assume
supersymmetric particles to decay promptly after their production, and R-parity to be conserved.
The latter means supersymmetric particles are always produced in pairs, supersymmetric particles
have an odd number of supersymmetric particles among their decay products, and the lightest
supersymmetric particle is stable. Section 2 covers searches for indirect production of tau sleptons,
ordered by decreasing production cross sections. As discussed below, most of these searches do not
use the mass of the tau slepton directly as a free parameter of the interpretation but the tau slepton
appears as an intermediate particle in the decay chain of the supersymmetric particles produced in
the proton–proton collisions. Afterwards, in Section 3 the latest searches for direct production of
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Figure 3: Exclusion contours from the ATLAS search for squarks and gluinos in final states with hadroni-
cally decaying tau leptons (left, [15]) and from the ATLAS search for top squarks decaying to tau sleptons
(right, [16]). Both searches use 36.1 fb−1 of proton–proton collision data taken in 2015 and 2016. In addi-
tion to the expected and observed limits from the full analysis, both plots show the exclusion reach of the
two respective individual channels.

tau sleptons are highlighted. These are the first analyses that have sensitivity to direct production
of tau sleptons at the LHC. Section 4 summarizes two prospective studies by ATLAS and CMS
on their sensitivity to direct tau-slepton production at the high-luminosity upgrade of the LHC
(HL-LHC), before Section 5 closes with a brief set of conclusions and an outlook.

2. Searches for Indirect Production of Tau Sleptons

The ATLAS search for squarks and gluinos in final states with hadronically decaying tau lep-
tons [15] targets final states with either exactly one or at least two hadronically decaying tau leptons,
and two or more jets and missing transverse momentum. As the observed data is in agreement with
the expected event yields from the Standard Model backgrounds, limits are set at 95 % confidence
level (CL) in a simplified model with gluino-pair production shown in the left-most diagram in
Figure 1. The limits on the mass of the gluino g̃ and the mass of the lightest neutralino χ̃0

1 are
shown in the left plot in Figure 3. The mass of the tau slepton is not used as a free parameter in this
model, but set to lie half-way between the mass m(χ̃±1 , χ̃0

2 ) of the chargino χ̃
±
1 and second-lightest

neutralino χ̃0
2 , which are assumed to be mass-degenerate, and the mass of the lightest neutralino χ̃0

1 .
In turn, the mass m(χ̃±1 , χ̃0

2 ) is set half-way between the mass of the gluino g̃ and again the mass of
the lightest neutralino χ̃0

1 . The paper also includes an additional interpretation of the search results
in a model of gauge-mediated SUSY breaking.

In contrast to the inclusive search for squarks and gluinos in final states with tau leptons,
the search for top squarks decaying to tau sleptons by the ATLAS collaboration [16] uses the tau-
slepton mass as a parameter in the interpretation. In this search, only three supersymmetric particles
are assumed to be light enough to be relevant for the phenomenology at the LHC, the top squark t̃,
the tau slepton τ̃ , and the gravitino G̃ as the nearly massless lightest supersymmetric particle. The
top squark decays via a 3-body decay mediated by an off-shell chargino to a b quark, a tau neutrino
and the tau slepton as shown in the second diagram in Figure 1, where the tau slepton further
decays to the tau lepton and the gravitino. This final state yields an intriguing detector signature
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Figure 4: Exclusion contours from the searches for production of chargino pairs with decays to the lightest
neutralino via tau sleptons or tau sneutrinos by CMS (left, [21]) and ATLAS (right, [22]). Both searches
use 36 fb−1 of proton–proton collision data. The green stars in the right-hand plot mark two benchmark
scenarios that have been used for additional studies on the impact of the assumption on the mass of the tau
slepton discussed in the text.

with two b-jets, two tau leptons and large missing transverse momentum. The analysis defines
signal selections based mainly on the missing transverse momentum and the stransverse mass [17 –
19] and uses a statistical combination of two decay channels, where either both tau leptons decay
hadronically (had-had) or one tau lepton decays hadronically and the other leptonically (lep-had).
As no significant excess is observed, the search results yield exclusion limits on the mass of the
top squark and tau slepton as shown in the right plot in Figure 3. The limits in this particular
simplified model extend to m(τ̃1) = 1.0 TeV and m(t̃1) = 1.16 TeV, and are the strongest on both
of these particles at the time of writing. CMS has published a similar analysis [20] for LHCP2019
that is discussed elsewhere in these proceedings. The tau-slepton mass is not a direct parameter
in the interpretation of the CMS search for top-squark pair production in a di-tau final state, and
top-squark masses up to 1.1 TeV are excluded.

Both ATLAS and CMS have published searches for the electroweak production of charginos
and neutralinos in final states with tau leptons. These searches are based on a dataset of 36 fb−1

taken in 2015 and 2016 (ATLAS) or 2016 (CMS) and consider final states with two tau leptons
and missing transverse momentum but no jets with large transverse momentum. The CMS analy-
sis [21] covers all possible decays of the two tau leptons except for same-flavor light-lepton pairs
(electrons or muons). Three signal selections target events with exactly two hadronically decaying
tau leptons (τh), another 44 are defined for each of the eτh, µτh and eµ channels. The ATLAS pen-
dant [22] only considers events in which two hadronically decaying tau leptons are reconstructed
and employs two signal selections targeting scenarios with small and large mass differences be-
tween the chargino χ̃

±
1 and neutralino χ̃0

1 . Data-driven approaches are used in both publications to
estimate the dominant Standard Model backgrounds arising from multi-jet and W+ jets production.

No significant deviations from the expected SM background are observed. The results are
interpreted in a simplified model with χ̃

±
1 χ̃
∓
1 production, similar to the third diagram in Figure 1

but with the χ̃0
2 branch replaced by a χ̃

∓
1 and its corresponding decay via τ̃/ ν̃τ as in the upper
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Figure 5: ATLAS study on the impact of the assumption on the mass of the tau slepton (and tau sneutrino)
on the exclusion sensitivity for two benchmark points in the simplified model with χ̃

±
1 χ̃
∓
1 production [22].

The green stars mark the location of these benchmark scenarios in the right-hand plot in Figure 4.

branch. The exclusion contours are shown in Figure 4 for CMS and ATLAS, respectively. As can
be seen comparing the blue and the green to the red line, the expected exclusion for CMS is driven
by the τhτh channel, but the combination with the leptonic channels yields an improvement of about
20 GeV, even though by themselves they have a far weaker reach. The expected exclusion reach
extends to higher masses for ATLAS, but due to an upwards fluctuation of the data in the signal
selection used by ATLAS for the simplified model with χ̃

±
1 χ̃
∓
1 production and a deficit in the CMS

data with respect to the expected Standard Model backgrounds, ATLAS and CMS report the same
observed exclusion limit on the chargino mass of up to 630 GeV for a massless neutralino.

Both ATLAS and CMS give a second interpretation in a simplified model with associated
production of the lighter chargino χ̃

±
1 and second-lightest neutralino χ̃0

2 , corresponding to the third
diagram in Figure 1. However, the published interpretations are not directly comparable: ATLAS
adds up signal events from χ̃

±
1 χ̃0

2 and χ̃
±
1 χ̃
∓
1 production, the idea being that in a model with a

mass-degenerate χ̃
±
1 and χ̃0

2 , whenever χ̃
±
1 χ̃0

2 production is relevant, so will be χ̃
±
1 χ̃
∓
1 production.

In their model, the χ̃0
2 decays with equal probability via either the tau slepton or the tau sneutrino,

so that it contributes either two or zero tau leptons to the final state. This leads to a loss in the
signal acceptance of the analysis selection when requiring at least two tau leptons in the final state.
CMS, on the other hand, shows the results for χ̃

±
1 χ̃0

2 production only but they only consider decays
of the χ̃0

2 via tau sleptons, so that they always have three tau leptons in the final state after χ̃
±
1 χ̃0

2
production.

Both ATLAS and CMS do not choose the mass of the tau slepton (and tau sneutrino) as a free
parameter of the simplified model, but set it half-way between the mass parameters m(χ̃±1 ) and
m(χ̃0

1 ). However, ATLAS has an additional study of the impact of this assumption on the exclusion
limit. Defining x =

(
m(τ̃, ν̃τ)−m(χ̃0

1 )
)
/
(
m(χ̃±1 )−m(χ̃0

1 )
)
, the nominal “half-way” assumption

in the interpretation corresponds to x = 0.5. Larger x values bring the mass of the tau slepton
closer to the mass of the chargino; lower x values bring it closer to the mass of the neutralino.
Two benchmark scenarios, marked by the green stars in the right-hand plot of Figure 4, are used to
study the impact of x on the CLs significance as shown in Figure 5. Scenarios for which the CLs

significance is larger than 1.64 can be excluded at 95 % CL. The first benchmark point sits close to
but outside the exclusion contour in Figure 4, and correspondingly the CLs significance is below
1.64 in the left-hand plot of Figure 5 for x = 0.5. Interestingly though, scenarios in which the tau-
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Figure 6: Left: cross sections for direct production of slepton pairs as a function of their mass in proton–
proton collisions at

√
s = 13 TeV [4 – 8]; values taken from [13, 14]. Right: expected and observed exclusion

domains at 95 % CL for the production of tau-slepton pairs obtained by the LEP collaborations [23 – 28].

slepton mass is either very close to the chargino mass (large x) or neutralino mass (small x) can be
excluded. This is because in this compressed scenario with a small mass splitting m(χ̃±1 )−m(χ̃0

1 )=

150 GeV, the distribution of the stransverse mass mT2 of the signal has a well-defined cut-off at
150 GeV if x = 0.5. For larger or smaller x, the mT2 distribution for the signal events becomes
broader, leading to an increased signal acceptance for the same amount of background after the
analysis requirement of mT2 > 90 GeV and thus an increase in the sensitivity and a larger CLs

significance. For the second benchmark point, which sits close to but inside the exclusion contour
in the right-hand plot of Figure 4, the mass splitting m(χ̃±1 )−m(χ̃0

1 ) is large. For most values of x
including the nominal, this scenario is excluded at 95 % CL. Only for large x close to 1, the mass
splitting m(χ̃±1 )−m(τ̃, ν̃τ) becomes so small that the reduced transverse momentum of the first tau
lepton in the decay chain1 from the decay χ̃

±
1 → ν̃ττ leads to a significant loss in the sensitivity of

the analysis. The opposite case of small x� 1 does not have the same effect, as the first tau lepton
in the decay chain then naturally has a large transverse momentum due to the small mass of the tau
sneutrino in χ̃

±
1 → ν̃ττ . But also the light τ̃ receives a boost when being produced in the decay of

the χ̃
±
1 , which is transferred to the second tau lepton from the decay τ̃→ χ̃0

1 τ , so that the tau lepton
always has a relatively large transverse momentum in this scenario.

3. Searches for Direct Production of Tau Sleptons

The direct production of slepton pairs has a particularly low cross section. Its dependence
on the mass of the slepton is shown in the left plot in Figure 6. Three curves are shown, for
partners of left-handed (˜̀L) and right-handed leptons (˜̀R) and the sum for the combined production

1“First tau lepton” and “second tau lepton” here do not refer to the first and second-leading tau lepton, i. e. the tau
lepton with the largest or second-largest transverse momentum, but to their position in the decay chain in the simplified
model (cf. upper branch in the third diagram in Figure 1): The decay of the chargino produces the first tau lepton if it
decays via a tau sneutrino, and the decay of the tau slepton produces the second tau lepton if the chargino decays via a
tau slepton. The decay of the chargino can thus only produce either a first or a second tau lepton.
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of mass-degenerate sleptons. The production cross section for ˜̀L ˜̀L is about 2.5 to 3 times larger
than that for ˜̀R ˜̀R if there is no mixing. Limits on the masses of sleptons have been obtained
already with data from Run 1 of the LHC [29], where simplified models with direct production of
mass-degenerate supersymmetric partners of the electrons and muons (selectrons and smuons) are
considered and common values for the left- and right-handed selectron and smuon masses up to
325 GeV are excluded for a massless neutralino. For tau sleptons no sensitivity had been achieved
until very recently for several reasons. Assuming selectrons and smuons to have the same mass
allows to sum their production cross sections and thus increases the expected signal yields by a
factor two compared to production of tau-slepton pairs, which are not usually taken to be mass-
degenerate with the other two slepton generations. Furthermore, the reconstruction of final states
with tau leptons is more difficult than that of final states with electrons or muons. Hadronic and
leptonic decays of tau leptons need to be treated separately. The presence of neutrinos from the
tau-lepton decays reduces the transverse momentum of the visible decay products and weakens the
discriminative power of kinematic variables. And finally, larger probabilities to misidentify other
objects like jets as hadronically decaying tau leptons lead to larger backgrounds from multi-jet
production and W+ jets events.

In this section, two recent results from searches for direct production of tau sleptons at the
LHC will be presented. These searches by the ATLAS and CMS collaborations yield the first
mass limits in simplified models on either combined pair production of mass-degenerate τ̃Lτ̃L and
τ̃Rτ̃R or production of τ̃Lτ̃L only, at least in the sense that they cover a range of mass hypotheses.
Searches for this process have been carried out with the dataset from the first run of the LHC taken
at
√

s = 8 TeV, and a single model point with a tau-slepton mass of 109 GeV in a scenario with
a massless neutralino has been excluded [30] by an improved version of the search for the direct
production of charginos, neutralinos and tau sleptons in final states with at least two hadronically
decaying tau leptons [31] using multivariate analysis techniques. Before coming to the new results
from the LHC, the right plot in Figure 6 shows the expected and observed limits for the produc-
tion of tau-slepton pairs as function of the tau-slepton and neutralino masses obtained by the LEP
collaborations [23 – 28]. Assuming a branching ratio of 100 % for decays of the tau slepton into
a tau lepton and the lightest neutralino, masses of the tau slepton up to 90 GeV are excluded for
a massless neutralino in a conservative setting where the partner of the left-handed tau lepton is
assumed to be beyond the reach of the experiments. Another search that is relevant in the context
of searches for direct production of tau sleptons is the ATLAS search for heavy charged long-lived
particles [32]. At variance with all other analyses presented here, in this analysis the tau slepton is
assumed to be long-lived enough to leave the detector before it decays. Measurements of the time
of flight and the momentum of the tau slepton, which travels significantly slower than the speed of
light due to its large mass, allow to conduct an almost background-free search and exclude masses
m(τ̃R) up to 430 GeV.

The latest CMS result on direct production of tau sleptons uses the dataset from 2016 and
2017 with a total luminosity of 77.2 fb−1 at

√
s = 13 TeV [33]. It is based on the CMS search for

supersymmetry in events with a tau-lepton pair and missing transverse momentum [21] and uses the
same techniques to estimate the Standard Model backgrounds. As in this previous analysis, the τhτh

channel is combined with the `τh channels (` = e or µ), where now boosted decision trees (BDT)
are used for the event selection; the all-leptonic eµ channel is not used here. In the τhτh channel,
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Figure 7: Results from the CMS search for direct tau-slepton pair production in proton–proton collisions
at
√

s = 13 TeV [33]. Left: observed event counts and post-fit predicted yields for the Standard Model
backgrounds in the τhτh channel for the 2017 dataset. The dashed lines show predicted signal yields for
three benchmark signal models, where the values in brackets in the legend give the mass of the particle
in GeV. Right: excluded cross section for tau-slepton pair production at 95 % CL in the mass-degenerate
scenario for m(χ̃0

1 ) = 1 GeV using data from 2016 and 2017. The red lines indicate the theoretical signal
production cross section and its uncertainty.

events are selected with a di-tau trigger that allows to select tau leptons with an offline transverse
momentum down to 40 and 45 GeV in 2016 and 2017 data-taking, respectively. By comparison
with the thresholds on the offline transverse momentum that would be required to operate in the
efficiency plateau of the ATLAS di-tau trigger, these thresholds are considerably lower. Part of the
selection inefficiency of the di-tau trigger is recovered by combining it with a trigger on missing
transverse momentum. Six signal selections are defined based on the stransverse mass mT2 and the
sum of the transverse masses of the two tau leptons ∑mT, rejecting events with additional leptons
or b-jets. Each signal selection groups events with and without jets to form two categories. The
resulting observed event counts and predicted yields for the Standard Model backgrounds in the 12
signal selections are shown in the left plot of Figure 7. In the `τh channels, events are selected with
single-lepton triggers, and BDT discriminants are trained on high-level variables for three signal
benchmark models with different assumptions on the tau-slepton mass in each of the two channels.

As the data is well described by the predictions for the Standard Model background, limits
are set on the cross sections for the direct production of tau sleptons in several scenarios. A full
statistical combination of the selected events yields in the τhτh channel and the full output-score
distribution of the BDTs in the `τh channels is used. The resulting limits are shown in the right
plot in Figure 7 for a scenario where it is assumed that the neutralino is almost massless and mass-
degenerate τ̃Lτ̃L and τ̃Rτ̃R are produced. It can be seen that in this scenario tau-slepton masses of
up to 150 GeV can be excluded at 95 % CL. This is the first time at the LHC that a range of masses
is excluded for directly produced tau sleptons. Additional interpretations are given for a scenario
with τ̃Lτ̃L production only and for masses of the neutralino of 10 and 20 GeV, but no exclusion is
reported for any of these.

The ATLAS search for direct tau-slepton production in events with two hadronic tau lep-

8
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Figure 8: Validation regions from the ATLAS search for direct tau-slepton production in events with two
hadronic tau leptons in

√
s = 13 TeV pp collisions [34]. Left: distribution of mT2 in the multi-jet background

validation region accompanying SR-lowMass. The multi-jet shape is derived using the ABCD method and
normalized by a correction factor determined in a fit to data. Right: observed event counts and post-fit
predicted yields in the validation regions targeting the background from top-quark (TVR-X), Z boson (ZVR-
X) and diboson (VVVR-X) production. The Standard Model backgrounds other than multi-jet production,
which is negligible, are estimated from simulation.

tons [34] is the first search for supersymmetry in final states with hadronically decaying tau leptons
to make use of the full ATLAS dataset taken in Run 2 of the LHC with a luminosity of 139 fb−1.
In this search, only the τhτh channel is considered. Two non-overlapping signal selections (SR-
lowMass and SR-highMass) are defined. In SR-lowMass, which targets tau sleptons of low masses,
events are selected by an asymmetric di-tau trigger and required to have a modest amount of miss-
ing transverse energy 75 GeV < Emiss

T < 150 GeV. In SR-highMass, events are selected by a com-
bined trigger on two tau leptons and missing transverse energy. This signal selection targets higher
tau-slepton masses and requires offline missing transverse energy Emiss

T > 150 GeV. Both signal
selections require mT2 > 70 GeV and the invariant mass of the two tau leptons m(τ1,τ2)> 120 GeV
to reduce background from events with Z-boson or Higgs-boson production, and reject events with
a third lepton or b-jet.

The Standard Model background is estimated in a similar way as in the ATLAS search for
direct production of charginos and neutralinos in final states with tau leptons [22] but with two new
developments. A data-driven fake-factor method has been developed that allows for an independent
cross-check of the estimate of the multi-jet background obtained from the ABCD method. The
fake factor, i. e. the misidentification probability of a jet as a hadronically decaying tau lepton, is
measured in data as a function of the transverse momentum, pseudorapidity and number of charged
tracks of the reconstructed tau lepton. It can then be used to predict the number of multi-jet events
entering a selection with hadronically decaying tau leptons by extrapolating from suitably chosen
sideband regions. The tau-promotion method, another simulation-based fake-factor method, is used
to reduce the statistical uncertainty in the estimate of the W (τν)+ jets background. It recovers

9
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Figure 9: Expected and observed exclusion contours at 95 % CL in simplified models with production of
mass-degenerate τ̃Lτ̃L and τ̃Rτ̃R (left) and production of τ̃Lτ̃L only (right) obtained by the ATLAS collabo-
ration in an analysis of the full Run-2 dataset [34].

simulated events that do not pass the selection requirement of having two tau leptons by picking
one jet in every simulated event at random, artificially promoting it to a (fake) tau lepton, and
then restoring the correct prediction of the W (τν)+ jets background yield by reweighting the event
sample to the yield of the nominal sample based on a measurement of the fake rates in simulation.

For each of the two signal selections, several additional selections (validation regions) are
defined that target different background contributions. The observed event counts in the validation
regions are in good agreement with the predicted yields as can be seen in Figure 8. No significant
deviation of the data from the expected Standard Model background is also found when applying
the signal selections, thus again limits on the presence of new physics are derived from the search
results. As the sensitivity of the analysis extends to neutralino masses well beyond the hypothesis
of a massless neutralino, the interpretation is not presented in terms of one-dimensional cross-
section limits, but the observed and expected number of events in the signal selections are used to
place exclusion limits at 95 % CL on the masses of the tau slepton and lightest neutralino as shown
in Figure 9. The left plot in this figure shows the expected and observed limits in a simplified model
with production of mass-degenerate τ̃Lτ̃L and τ̃Rτ̃R, where masses between 120 and 390 GeV for a
massless lightest neutralino are excluded, and the exclusion contour reaches up to neutralino masses
of 135 GeV. These limits improve significantly upon the previous result by CMS, in particular
for large neutralino and tau-slepton masses. The right plot in the figure shows the expected and
observed limits in a simplified model where production of only τ̃Lτ̃L is assumed. Here, masses of
the tau slepton τ̃L between 160 and 300 GeV are excluded at 95 % CL for a massless neutralino.
This is the first exclusion of direct production of non-degenerate tau sleptons at the LHC. The
analysis is also expected to be sensitive to production of τ̃Rτ̃R only, but due to a slight excess in the
more sensitive signal selection SR-lowMass, this expectation is not realized in the observed limit.

4. Future Searches for Direct Production of Tau Sleptons

Both the ATLAS and the CMS collaboration have done prospective studies to evaluate the
sensitivity to direct production of tau sleptons that can be reached with the dataset to be taken at

10
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Figure 10: Expected exclusion and discovery sensitivities to direct production of tau-slepton pairs at the
HL-LHC for ATLAS (left, [35]) and CMS (right, [36]) as function of the tau-slepton mass and lightest
neutralino mass. For the ATLAS plot a systematic uncertainty of 30 % is assumed. The CMS plot includes
a systematic uncertainty of 15 % based on a more detailed assessment.

the high-luminosity upgrade of the LHC [37, 38]. These studies assume a dataset of 3 ab−1 at a
center-of-mass energy

√
s = 14 TeV and an average number of concurrent proton–proton interac-

tions 〈µ〉= 200 and use parameterized simulations of the performance of the upgraded ATLAS and
CMS detectors. They further assume that the upgraded trigger systems will allow trigger thresh-
olds similar to the triggers currently in use despite the higher 〈µ〉. The ATLAS study considers
only the τhτh channel, whereas CMS considers the `τh and τhτh channels. The signal selections
are based on the stransverse mass mT2, the sum of the transverse masses of the two tau leptons
∑mT, the transverse momentum of the tau leptons, and the missing transverse energy. Events
with additional leptons and in most cases also with jets with large transverse momentum are re-
jected. The dominant processes contributing to the Standard Model background are production
of top-quark pairs and W+ jets. Figure 10 shows the expected exclusion and discovery sensitiv-
ities for ATLAS and CMS as function of the tau-slepton mass and lightest neutralino mass for
decays τ̃ → τ χ̃0

1 with 100 % branching fraction. Despite the different appearance of the plots,
the predicted sensitivities are rather similar: for combined pair production of mass-degenerate
τ̃Lτ̃L and τ̃Rτ̃R, the expected exclusion sensitivity goes up to m(τ̃L,R) = 710 GeV for ATLAS and
up to m(τ̃L,R) = 650 GeV for CMS. The experiments would be able to observe tau sleptons with
masses up to m(τ̃L,R) = 500 GeV (ATLAS) or m(τ̃L,R) = 470 GeV (CMS) with 5σ significance.
ATLAS also shows the expected exclusion and discovery sensitivities for non-degenerate tau slep-
tons, reaching up to m(τ̃L) = 650 GeV and m(τ̃R) = 540 GeV for the exclusion. The discovery
reach for τ̃L goes up to m(τ̃L) = 430 GeV, but a discovery at 5σ significance would not be reached
for any mass if only τ̃R is produced.

5. Conclusions and Outlook

The searches for direct and indirect production of the supersymmetric partners of the tau lep-
tons by the ATLAS and CMS collaborations cover a variety of production modes and a wide range
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of cross sections. None of these searches have reported any significant excess in the events yields
above the expected background from Standard Model processes, and the search results are thus
interpreted in terms of exclusion limits on production cross sections or as excluded domains in
two-dimensional planes spanned by the mass hypotheses for supersymmetric particles that appear
in the decay chains of simplified models.

The latest additions to the set of searches are the searches for direct production of tau slep-
tons, which are extremely difficult due to the small production cross sections and the challenging
reconstruction of final states with tau leptons. Two recent searches by ATLAS and CMS show
exclusion sensitivity for direct production of tau sleptons over a wide range of masses for the first
time at the LHC. There are still obvious opportunities for improvements in the searches for tau
sleptons. ATLAS does not yet cover the `τh channels and CMS still needs to include the dataset
from 2018. These improvements likely bring only modest gains, but CMS should then be able to
also exclude not only production of mass-degenerate τ̃Lτ̃L and τ̃Rτ̃R pairs but τ̃Lτ̃L production,
too. If they are luckier than ATLAS, they may even be able to claim the first sensitivity to τ̃Rτ̃R

production at the LHC. Additional effort will be needed to close the gaps in the current landscape
of exclusion contours, both for compressed scenarios with small mass splittings of the tau slep-
ton and the neutralino into which it decays and for scenarios with light tau-slepton masses. Here,
multivariate analysis techniques and shape fits but also improved tau-reconstruction and identifi-
cation techniques will help. Combinations of analyses from ATLAS and CMS are not common
in searches for new physics, but may be worthwhile to try for τ̃Rτ̃R production if neither of these
experiments can reach sensitivity by itself with the Run-2 dataset. Finally, the trigger thresholds
on the transverse momentum of tau leptons are often the bottleneck in the analysis acceptance and
thus it is important to work on the triggers for the next period of data-taking at the LHC.
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