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Abstract

A search for new long-lived particles decaying to electrons and muons is presented
using data from proton-proton collisions produced in 2015 by the LHC at

√
s =

13 TeV. Data used for the analysis were collected by the CMS detector and corre-
spond to an integrated luminosity of 2.6 fb−1. Events are selected with an electron
and muon that both have transverse impact parameter values between 200 µm and
10 cm. Since no significant excess is observed, limits are set on the Displaced Super-
symmetry model, with pair production of top squarks decaying into an e-mu final
state via R-parity-violating interactions. The results are the most restrictive to date
on this model. For a top squark mean proper decay length of 2 cm, masses below
870 GeV are excluded at 95% confidence level.
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1 Introduction and theoretical motivation
Naturalness dictates that new physics should appear at the TeV scale to explain the observed
value of the Higgs mass at the electroweak scale. To date, the experiments at the CERN LHC
have not observed any physics beyond the standard model (BSM). The vast majority of BSM
searches assume that any new particles produced will decay promptly. Since these searches
are optimized for promptly decaying particles, their sensitivity to signatures involving long-
lived BSM particles is greatly reduced. Therefore, new physics at the LHC containing displaced
decays is relatively less constrained although both the CMS and ATLAS Collaborations have
performed dedicated searches for decays of BSM particles with long lifetimes. Direct search
strategies include finding BSM particles via anomalous energy loss and/or low velocity [1, 2]
or via a disappearing track signature [3, 4]. There are also numerous indirect searches tar-
geting the decay products of long-lived particles. They target non-prompt final-state jets [5],
photons [6–8], leptons [9, 10], or combinations thereof [11].

A recent CMS search in the displaced e-µ final state [10] was optimized to BSM particle lifetimes
longer than the sensitive regime of prompt searches but shorter than the optimal lifetimes for
other searches for long-lived BSM signatures. It also dispensed with the requirement that the
displaced final state particles originate from a common vertex. This summary describes an im-
proved version of that previous search using data collected in 2015 at

√
s = 13 TeV. It employs

an improved trigger strategy and a new data-driven QCD background estimation method. As
before, the search is designed to be generic in order to be sensitive to as much of the open model
space as possible. Consequently, the event selection focuses exclusively on a displaced, isolated
lepton signature and does not try to identify signal events using hadronic activity or missing
energy. In this way, we retain sensitivity to any model that can produce leptons with displace-
ments on the order of 100 µm to 10 cm, regardless of whether these leptons are accompanied by
jets, missing transverse energy ( 6ET), or other interesting features.

We interpret the search results in the context of the Displaced Supersymmetry [12] model. This
model introduces R-parity violating terms in the superpotential of the minimally supersym-
metric standard model. R-parity violation (RPV) allows the lightest supersymmetric particle
(LSP) to decay into SM particles. This can frustrate standard SUSY searches by lessening or
removing the missing energy signature generally present in SUSY topologies. Only lepton
number-violating operators are considered to avoid constraints from proton decay. With suf-
ficiently small couplings for these operators, the LSP will have a long enough lifetime that its
decay products are measurably displaced from the region of beam-beam overlap in which the
proton-proton interactions occur (henceforth referred to as the “luminous region”). For a large
range of these couplings, Displaced Supersymmetry can generate a natural SUSY model that
could have easily escaped detection thus far at the LHC.

We focus on the case in which the LSP is the top squark, the superpartner of the top quark.
At the LHC, top squarks would be dominantly produced in pairs. The top squarks in our
benchmark model then decay through an RPV vertex, t̃1→bl, where l is an electron, muon, or
tau lepton. For simplicity, we assume lepton universality in the top squark decay vertex, so
that the branching fraction to any lepton flavor is equal to one third. We conduct a search for
decays of top squark pairs in which there is an electron and a muon in the final state, with both
of the leptons being displaced from the luminous region.
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2 Data and Monte Carlo simulation samples
This analysis uses pp collision data taken in 2015 at

√
s = 13 TeV, corresponding to an inte-

grated luminosity of 2.6± 0.1 fb−1. The events in the search sample are collected by a dedicated
trigger that targets displaced e-µ pairs. It requires a muon with momentum perpendicular to
the beam axis, pT, above 38 GeV. To target displaced electrons, the trigger requires a cluster in
the electromagnetic calorimeter with the transverse energy above 38 GeV. To increase the ac-
ceptance for displaced muons, no cuts on the impact parameter or matching to a primary vertex
are required for the muon leg of the trigger. To increase acceptance for displaced electrons, no
tracking information is used in the electron leg of the trigger.

In order to evaluate contributions from SM background and potential signal processes, sam-
ples are produced via Monte Carlo (MC) simulation techniques. SM background samples are
simulated using PYTHIA 8 [13] with MADGRAPH, or using POWHEG. All background estimates
are derived from the simulation with the exception of heavy flavor QCD processes (HF). Given
the large HF cross-sections at the LHC, we develop a data-driven estimate for these processes.

Samples of the process pp→t̃1̃t∗1 , with the top squarks decaying via t̃1→bl, were generated
using PYTHIA 8. Starting with a SUSY Les Houches Accord (SLHA) file [14] corresponding
to Snowmass Points and Slopes (SPS) point 1a [15], the mass and width of the top squark
were modified to produce samples corresponding to different points in model parameter space.
Specifically, samples are generated with top squark masses between 200 and 1200 GeV and
lifetimes over a range of 0.1 to 100 cm/c.

3 Event selection
The event selection can be grouped into two stages. First, we select events with exactly one
electron and one muon that are well-reconstructed and isolated. The leptons are required to be
oppositely charged. This stage will subsequently be referred to as the analysis “preselection”.
The second stage involves classifying the events passing the preselection based on the offset of
the selected leptons’ trajectories from the beam axis in the transverse plane of the detector.

3.1 Preselection

The preselection requirements aim at selecting events which contain exactly two well identified
leptons in the final state, specifically one electron and one muon. The leptons are reconstructed
using the particle-flow event reconstruction algorithm [16], which combines information from
all the CMS sub-detectors in order to reconstruct all stable particles and determine their types,
directions and energies.

Muon candidates are built using a combination of the track parameters measured in the inner
tracker and the muon system [17]. A set of muon identification criteria are applied to select
well-reconstructed muons with good track qualities in both the inner tracker and the muon
systems. Muon isolation is enforced using a particle-flow based method. The discriminant is
defined as the scalar sum of the transverse momenta of all particles, excluding the muon, within
a cone of ∆R ≡

√
(∆η)2 + (∆φ)2 < 0.4 around the muon, where η is pseudorapidity and φ is

the azimuthal angle in the plane transverse to the beam axis. Charged hadrons from additional
p-p interactions (pileup) are not considered in the isolation sum. The contribution from pileup
interactions to the neutral component of the isolation is additionally corrected using the ∆β
method on an event-by-event basis [18]. The isolation of the muon is required to be less than
15% of the muon’s pT.
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Electron candidates are reconstructed by combining information from deposits in the electro-
magnetic calorimeter (ECAL) and tracks built by the Gaussian sum filter algorithm [19]. A set
of electron identification criteria are applied to select electrons with compatible signatures in
the tracker and ECAL. Electron candidates that traverse the overlap region between the barrel
and endcap detectors are rejected because of the reduced reconstruction performance in this
region. Similar to the muon case, electron isolation is achieved using a particle-flow based
method but with a cone size of ∆R < 0.3 around the electron. The contribution from neutral
hadrons from additional p-p interactions is accounted for using the FastJet [20] energy density
(ρ) in the event. The isolation sum is required to be less than 3.5% (6.5%) of the electron’s pT
for electrons in the barrel (endcap) region.

To remain within the region of detector acceptance, leptons are required to have absolute pseu-
dorapidity less than 2.4. To ensure we are operating well above the momentum thresholds
required at the trigger level, we require the electrons (muons) in the event to have a transverse
momentum greater than 42 GeV (40 GeV).

Each event is required to have exactly one electron and one muon passing all the criteria dis-
cussed above. In these events, the two leptons are required to be oppositely charged and sepa-
rated by ∆R > 0.5.

The events passing the preselection are further categorized using the track impact parameter
of the selected leptons in the plane transverse to the proton beams. This transverse impact
parameter (|d0|) is defined as the distance of closest approach in the transverse plane of the
helical trajectory of the lepton track to the beam axis. The lepton’s impact parameter is strongly
correlated with the lifetime of its parent particle. This feature is exploited to construct both
control regions used for background estimation and validation as well as search regions with
high signal efficiency and very little background contamination. These regions are detailed in
the following sections and summarized in Table 1.

3.2 Background control regions

The “prompt control region” contains all events passing the preselection in which both leptons
meet the extra requirement of |d0| < 100 µm. This region is dominated by standard model pro-
cesses with prompt leptons and is used to check that the MC simulation accurately reproduces
the behavior of the data. The “displaced control region” requires instead that both leptons
have 100 < |d0| < 200 µm. This region is enriched in background processes with genuinely
displaced leptons and is used for the data-driven QCD estimation as described in Section 5.2.3.

3.3 Signal search regions

By requiring both the electron and the muon in the events passing the preselection to have large
enough impact parameters, we can construct a region that is largely free of leptons from SM
processes. The efficiency for a lepton to pass a given d0 cut is highly correlated with the lifetime
of its parent particle. Consequently, a given d0 cut will have drastically different efficiencies at
different values of the parent particle lifetime. As a result, we define three search regions and
use them simultaneously to probe a wide range of lifetimes. The tight search region (SR III),
requiring |d0| > 1000 µm for both leptons, is expected to have very low background contam-
ination. Events enter the intermediate search region (SR II) if they fail the cuts defining the
tight region but both leptons have |d0| > 500 µm. Similarly, events enter the loose search re-
gion (SR I) if they fail to enter the intermediate one but both leptons have |d0| > 200 µm. This
loose search region is expected to contain more background contamination, but retain higher
signal efficiency for the shorter top squark lifetimes. These regions are constructed such that
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there is no overlap between them so that they can be used in combination when calculating
upper limits on signal contribution. An upper limit of 10 cm is placed on the lepton impact
parameters. This ensures that the leptons originate within the pixel tracker, since the lepton
identification criteria require hits in at least one pixel layer. Table 1 summarizes the control and
search regions defined by specific lepton impact parameter criteria. Figure 1 shows the areas
of the lepton impact parameter parameter space defined by the different control and search
regions.

Table 1: Names, purposes, and selection criteria of regions based on |d0| ranges. Preselection
criteria are applied to all listed regions.

Region Purpose Selection Criteria

Prompt Control Region (CR I) Validation of MC Simulation |d0|e,µ < 100 µm
Displaced Control Region (CR II) Data-driven HF Estimation 100 < |d0|e,µ < 200 µm

Displaced Electron Region (CR III) Validation of HF Estimation
|d0|e > 100 µm
|d0|µ < 200 µm

Displaced Muon Region (CR IV) Validation of HF Estimation
|d0|µ > 100 µm
|d0|e < 200 µm

Search Region I (SR I) Loose Search Region
|d0|e,µ > 200 µm

not in SR II

Search Region II (SR II) Medium Search Region
|d0|e,µ > 500 µm

not in SR III
Search Region III (SR III) Tight Search Region |d0|e,µ > 1000 µm

4 Corrections to MC simulation
In order to account for known differences between the MC simulation and data, various cor-
rections are applied to the MC simulation. Detailed descriptions of the major sources of these
differences and the methods used to correct them are given in the following sections.

4.1 Corrections to leptons

Scale factors are produced by CMS to account for possible differences in the reconstruction
and identification performance of the leptons in data and simulation. Even though these scale
factors are produced using prompt leptons, they are still valid for our use case since most of
the leptons needing to be corrected are prompt. To account for the differences in reconstruction
efficiency in data and simulation for leptons with larger impact parameters, Section 6 conveys
a dedicated study to assess the systematic uncertainties.

The scale factors are calculated using a tag and probe method, which takes advantage of the
fact that the dilepton invariant mass in Z→ll decays has a very narrow peak centered at MZ.
The resonances are often reconstructed as pairs so that by requiring one leg to pass a tight
identification (tag) and one to pass a loose identification (probe) one can perform a study using
the probes without a bias brought by the selections. The corrections obtained are generally of
the order of 5% and do not have a large effect on the results of this search.
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Figure 1: Diagram of control and search regions based on lepton impact parameter. CR I corre-
sponds to the prompt control region, CR II corresponds to the displaced control region, and CR
III (IV) corresponds to the region with a displaced electron (muon). Note that CR II is a subset
of both CR III and CR IV. SR I, SR II, and SR III correspond to the three search regions.
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4.2 Trigger efficiency corrections

The trigger efficiency is calculated using an orthogonal data set collected using jet and 6 ET
triggers in order to remove any potential bias from using triggers related to electrons or muons.
We choose to enrich the data sample in fully leptonic tt events as this is the largest source of
e-µ events in the kinematic regime of interest. We apply the analysis preselection (as described
in section 3.1) with extra cuts requiring two jets with pT > 30 GeV, |η| < 2.4 and at least one
passing the medium CSV b-tag working point (>0.8).

The trigger scale factor is defined as an efficiency after applying the preselections plus the tt-
enriching selections above. The numerator is the number of events in data passing the jet/ 6ET
triggers that also pass the signal trigger over the total number of events which pass the jet/ 6ET
trigger. The denominator is calculated in a similar way using the simulated tt sample. The final
scale factor applied to the yields from MC simulation is 0.975 ± 0.009.

5 Background Estimation
At the LHC, the vast majority of leptons from SM processes come from promptly-decaying
particles. However, displaced leptons can arise from decays of τ leptons and B or D mesons
(cττ ≈ 87 µm, cτB ≈ 500 µm, cτD <≈ 100 µm). MC simulation of all of the relevant SM pro-
cesses have large effective luminosities and are well modeled with the exception of heavy flavor
QCD. As a result we use MC simulation to estimate the contributions from Z→ττ, tt, diboson
and single top processes while employing a data-driven method to estimate the contribution
from HF.

5.1 Estimation of contribution from non-QCD events

Due to the limited size of the SM background MC samples, directly counting small number
of events expected in the search regions yields very large statistical uncertainties. Instead,
we produce a parametrization using the following technique. We factorize the electron and
muon requirements, weighting the yield for each sample after the preselection by the efficiency
for each lepton leg to pass a given impact parameter requirement. In other words, instead
of simultaneously applying |d0| cuts on both leptons and counting the remaining events, we
apply the |d0| cut for a given search region separately on each lepton, calculating the efficiency
for each lepton, and then multiply the initial number of events in the sample by the product of
the electron efficiency and muon efficiency to produce the estimate in the given search region.
If the efficiency for either lepton to pass the |d0| requirement drops to zero, the cut is loosened
until a non-zero efficiency can be calculated. This yields a conservative upper limit on the
contribution from the sample in question. A closure test has been performed over a range
of |d0| requirements to verify that the yields obtained by direct counting agreed with those
obtained by applying the parametrization method.

5.2 Estimation of contribution from heavy flavor QCD events

To estimate the contribution from HF processes in the search regions, we scale the estimation
in the displaced control region (100 < |d0|e,µ < 200 µm) using scale factors derived in HF-
enriched control regions in data. We use the lepton impact parameter spectra in these control
regions to derive the scale factors. The following sections detail the definitions of the control re-
gions, the studies performed to validate these regions, and the calculation and implementation
of the scale factors.
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5.2.1 Heavy flavor + lepton control regions

We construct control samples in data dominated by pair production of heavy flavor quarks in
which the decay chain of one of the quarks contains a lepton. We leverage the properties of
HF dijet events to use a tag and probe methodology in which the tag jet is required to pass
one of the working points of the combined secondary vertex b-tagging algorithm (CSV) used
at CMS [21] and the probe jet is required to have a reconstructed lepton nearby (|∆R| < 0.5).
The probe jet is not subjected to the CSV requirement since track impact parameter is one of the
variables included in the CSV discriminant and choosing jets with high CSV value will tend to
select leptons with higher |d0| values, biasing the |d0| distribution. To reduce contamination
from tt, we make two additional selections. First, we require the tag and probe jets to be back-
to-back in the transverse plane (|∆φ| > 2.5). Secondly, we require the lepton in the event
to have |d0| > 100 µm. Separate control regions are defined for electrons (HF+e) and muons
(HF+µ), collected using a single electron trigger and a single muon plus jet trigger, respectively.
The trigger for the HF+µ region was prescaled during 2015 data-taking and only collected
28.7 pb−1. Figure 2 shows the lepton |d0| in these control regions. These regions represent pure
samples of HF events, with small contaminations from non-HF backgrounds predominantly
having small impact parameter values and decreasing rapidly with increasing |d0|. Due to the
limited number of events in the simulation of HF processes with electrons, the tail of the |d0|
distribution is not properly populated. This effect is not included in the statistical uncertainties
displayed in each bin. In the muon case, the simulation represents a much larger number of
events and this effect is not seen. This limitation of the HF simulation is the primary motivation
for the data-driven estimation technique we employ.
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Figure 2: Lepton |d0| spectra in the HF+e (left) and HF+µ (right) control regions with corre-
sponding dedicated lepton-flavor-specific HF simulation used in each case. The rightmost bin
of each plot contains the overflow entries.

5.2.2 HF + lepton control region validation

As will be detailed in section 5.2.3, we use the lepton |d0| spectra from the HF + lepton control
regions to model the background from HF in our search regions. We must therefore validate
that the spectra obtained are valid proxies for the spectra in the target region. A direct compari-
son between data in the control and search region is ill-advised due to the potential presence of
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signal events in the search region. We instead add a requirement that the isolation variable be
between 0.15 and 1.5 for events in both the HF + lepton control regions and the preselection (as
described in section 3.1) and compare the lepton |d0| spectra in these HF-enriched regions with
non-isolated leptons. We prefer to avoid observing the subset of the anti-isolated preselection
region in which both leptons are displaced, since this space could potentially be populated by
new physics. Therefore, when obtaining the |d0| spectrum for one lepton flavor we require the
other lepton in the event to be prompt (|d0| < 200 µm). Figure 3 shows that the spectra in
these different regions are indeed compatible and gives confidence that the leptons in the HF +
lepton control regions are a good model for the leptons from HF in the signal regions.
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Figure 3: Lepton |d0| spectra in the HF + lepton (black) and anti-isolated preselection (red)
regions for electrons (left) and muons (right). Event yields per bin have been divided by the
bin width. The rightmost bin of each plot contains the overflow entries. The lower frame shows
the difference between the HF+l control data and the e-µ control data, normalized to the e-µ
control data.

We finally prepare the lepton |d0| spectra for use in the final background estimations by mak-
ing two additional modifications. First, in order to avoid any bias due to correlations between
lepton isolation and |d0|, we apply the same lepton isolation requirements as in the preselection
to the leptons in the HF + lepton regions. Secondly, we subtract the small residual contribu-
tion from other SM processes in this HF + isolated lepton region as predicted by the SM MC
samples. The final spectra are then used to derive scale factors as described in the following
section.

5.2.3 HF background estimation methodology

The estimate of HF events in the search regions is obtained by scaling the number of expected
HF events in a control region using scale factors obtained from the spectra prepared from the
HF + lepton control regions as described in the previous section. The HF yield to be scaled
is obtained in the displaced control region. As Table 2 shows, this region is populated by one
event in the 2015 data set used in this search. However, one can not draw the conclusion that
HF is negligible given the large statistical uncertainty in the data yield. We apply a Bayesian
approach, using a flat prior for the HF contribution and assuming the non-HF MC sum follows
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a Gaussian distribution. We estimate the 68% confidence level upper limit on the HF contribu-
tion in this region to be 1.7 events.

Table 2: Yields in the displaced control region. Background and signal expectations are quoted
as Nexp ± 1σ (stat) ±1σ (syst).

Event Source 100 < |d0| < 200 µm
W→lν 0.005 ± 0.002 ± 0.001
single top 0.046 ± 0.006 ± 0.003
diboson 0.083 ± 0.018 ± 0.004
Z→ll 0.55 ± 0.10 ± 0.03
tt̄ 0.43 ± 0.01 ± 0.03
non-QCD background sum 1.11 ± 0.10 ± 0.04
observation 1

The HF expectation in the displaced control region is then scaled to produce the HF expecta-
tion in each of the three search regions. In the HF + lepton control regions, we count the events
populating two regions of the |d0| spectrum. First, we count events with lepton impact param-
eter values consistent with our displaced control region (NCR). Secondly, we count events with
lepton impact parameter values consistent with each of our search regions (NSR). For a given
search region, a lepton scale factor can be calculated as κl = NSR/NCR, where l is a given lepton
flavor. The overall event scale factor is then the product of the electron and muon scale factors:
κevent = κe κµ. The event scale factors are calculated to be 1.7 ± 0.35 (SR I), 0.28 ± 0.07 (SR II),
and 0.011 ± 0.006 (SR III). Multiplying the upper limit on the HF contribution to the displaced
control region (1.7 events) by these scale factors, the upper limits on the HF contribution in the
three search regions are calculated to be 3.0 (SR I), 0.50 (SR II), and 0.019 (SR III).

This method is validated with a closure test performed using sideband regions with anti-
isolated leptons. We employ the estimation method described above using anti-isolated lep-
tons in the HF+l control regions. We derive scale factors to obtain the yields in the displaced
electron (CR III) and displaced muon (CR IV) control regions with anti-isolated leptons. The
estimations achieved by directly counting the number of events agree well with those by ap-
plying the method described above.

6 Systematic Uncertainties
There are several sources of systematic uncertainty considered in this analysis. For those that
are common to all CMS searches, such as systematic uncertainties due to pileup, luminosity,
lepton corrections, PDFs, cross-sections and trigger efficiency, we assess them using well estab-
lished methods used by CMS. In what follows, we detail the dedicated methods for systematic
uncertainties more specific to this analysis such as the uncertainties from the data-driven HF
background estimation and the efficiency of finding displaced tracks.

The systematic uncertainty introduced by the data-driven HF background estimation is the
dominant systematic effect in this search. To assess this systematic uncertainty, we vary the re-
quirement on the b-tagging discriminant over the full range of possible values on the probe jet
near the leptons in the HF + isolated lepton control regions and take the largest relative devia-
tion seen in the scale factor as the systematic uncertainty. The same procedure is performed for
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each scale factor individually and the systematic uncertainties are 32%, 80% and 92% in search
region I, II and III, respectively.

The uncertainties due to the modeling of pileup events in the MC simulation is estimated by
varying the cross-section of minimum bias events by 5% up and down when generating the
target pileup distributions. The pileup reweighting factors calculated using these three target
distributions are then applied to the preselections to obtain the variation in yields, which is
taken as the systematic uncertainly on the procedure. To find the systematic uncertainty asso-
ciated with the corrections to the leptons, we fluctuate the lepton scale factors up and down by
their uncertainty and observe the change in the event yields. The larger deviation is taken as
the uncertainty of a given sample.

To study the performance of reconstructing tracks with large impact parameters, we use a
sample of cosmic muon events. These events were collected using dedicated triggers during
downtime in the LHC collision scheme. We take advantage of the fact that both the muon
chambers and the silicon tracker are used in the muon reconstruction. The tracking efficiency
is determined by measuring the fraction of cosmic rays that are associated within an azimuthal
angle of 0.2 with a track reconstructed in the tracker. Only tracks of pT > 15 GeV are considered.
In addition, tracks are required to have at least one pixel hit to mirror the lepton track selection
used in this search. The uncertainty is found to be 12% in the efficiency to reconstruct both
dilepton tracks. This uncertainty is applied to all expected yields from signal simulation.

Table 3 summarizes the uncertainties considered for all processes for which Monte Carlo sim-
ulation is used.

Table 3: Sources of systematic uncertainty on simulation-based estimates in this search, in per-
cent. The rightmost column includes all the relevant systematic uncertainties, not only those
explicitly mentioned in the table. For simulated signal processes, the minimum and maximum
uncertainty for any value of top squark mass and lifetime are shown.

Dataset Cross-section Pileup e ID/ISO µ ID/ISO Total
W→lν 3.8 10.2 1.9 0.29 11.1

single top 4.2 0.2 2.9 0.22 5.1
diboson 2.5 0.2 2.9 0.23 3.8

Z→ll 3.8 1.1 2.5 0.18 4.7
tt̄ 6.1 0.9 2.9 0.22 6.8

signal 13− 18 0.2− 8.9 3.0− 4.4 0.25− 0.32 18− 24

7 Results
Table 4 shows the expected and observed numbers of events in the three search regions. In
all three search regions, the HF background is the dominant expected contribution, as the ex-
pected yield from non-HF processes is much less than one event. The full selection efficiency
for signal events with a final-state electron and muon varies between 0 and 15%. The selec-
tion efficiency increases with top squark mass and is maximal for a mean proper decay length
of 2 cm. Since we do not observe any significant excess over the background expectation, we
set 95% CL upper limits on the cross section for top squark pair production at 13 TeV. We
perform this as a simultaneous counting experiment in three bins corresponding to the three
search regions. We use a Bayesian calculation assuming a flat prior for the signal as a function
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of top squark mass. Nuisance parameters arising from statistical uncertainties are modeled as
gamma distributions, while all others are modeled as log-normal distributions. These cross
section limits are translated into upper limits on the top squark mass, where the cross section
for each mass hypothesis is calculated at next-to-leading-order and next-to-leading-logarithmic
precision within a simplified model with decoupled squarks and gluinos [22–24]. The resulting
expected and observed limit contours are shown in Figure 4 with the region to the left of the
contours being excluded. We are able to exclude top squark masses up to 870 GeV for a mean
proper decay length of 2 cm, setting a stronger limit on the displaced supersymmetry bench-
mark model than the analogous 8 TeV search, which excludes top squark masses up to 790 GeV
for the same lifetime.

Table 4: Numbers of expected and observed events in the three search regions. Systematic and
statistical uncertainties are added quadratically and the sum is quoted.

Event Source Search Region I Search Region II Search Region III
W→lν (1.1± 0.5)× 10−3 (2.4± 1.7)× 10−5 (0.25± 0.29)× 10−5

single top (8.4± 1.2)× 10−3 (35± 12)× 10−5 (1.50± 0.91)× 10−5

diboson (18.2± 5.8)× 10−3 (39± 25)× 10−5 (4.0± 4.6)× 10−5

Z→ll (115± 25)× 10−3 (100± 160)× 10−5 (69± 71)× 10−5

tt̄ (60.6± 5.1)× 10−3 (226± 25)× 10−5 (8.0± 1.6)× 10−5

non-HF sum (203± 26)× 10−3 (410± 170)× 10−5 (82± 71)× 10−5

data-driven HF < 3.0 < 0.50 < 0.019
total background < 3.2 < 0.50 < 0.020
observation 1 0 0

pp→t̃1̃t∗1(Mt̃1
= 700 GeV)

cτ = 0.1 cm 3.8± 0.2 0.94± 0.06 0.16± 0.02
cτ = 1 cm 5.2± 0.4 4.1± 0.3 7.0± 0.3
cτ = 10 cm 0.8± 0.1 1.0± 0.1 5.8± 0.2
cτ = 100 cm 0.009± 0.005 0.03± 0.01 0.27± 0.03

8 Summary
A search has been performed for new physics with an electron and muon in the final state
which are displaced transversely from the LHC luminous region, with no requirements made
on jets or missing energy. The data sample corresponds to 2.6 fb−1 of proton-proton collisions
recorded by the CMS detector at the LHC during the 2015 run at

√
s = 13 TeV. No excess is

observed above the estimated number of background events for displacements up to 10 cm.
The results are interpreted in the context of the displaced supersymmetry model with a top
squark LSP having a lifetime up to 100 cm/c. We place limits at 95% CL on this model as a
function of top squark mass and top squark lifetime. For a lifetime hypothesis of 2 cm/c, we
exclude top squarks up to 870 GeV in mass.
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