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Outline
• Context and Motivation 
• E-mu Search (no vertex constraint) 
• Dilepton same vertex Search (same flavour) 

• Recasting 

• Run2 analysis 

• Summary
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Beyond the Standard Model (BSM) searches 
at the LHC

• There is various motivations for SUper SYmmetry (SUSY). SUSY is getting more and more 
constrained by direct searches by ATLAS and CMS 

• Most of these searches use prompt leptons, jets and/or missing energy 

• There are SUSY models that might have been overlooked. No stone should be left 
unturned! 

• In some models, SUSY particles have long lifetime. Other BSM models predict long-lived 
particles. 
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Summary of CMS SUSY Results* in SMS framework

CMS Preliminary

m(mother)-m(LSP)=200 GeV m(LSP)=0 GeV

ICHEP 2014

lspm⋅+(1-x)motherm⋅ = xintermediatem
For decays with intermediate mass,

Only a selection of available mass limits
*Observed limits, theory uncertainties not included

Probe *up to* the quoted mass limit
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E-mu Search
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Signal model

6

x

y

z

|     |

|     |

arXiv:1204.6038v1 
Displaced Supersymmetry as a bench mark model

http://arxiv.org/pdf/1204.6038v1
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Event selection
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|d0| < 100 μm
Prompt control region

   1 mm < |d0| < 2 cm   

Signal regions

500 μm < |d0| < 1 mm

200 μm < |d0| < 500 μm

1: Preselection 
e-μ pair passing: 

|η| < 2.5 
pT > 25 GeV 
lepton ID*/
isolation 

ΔR(l,jet) > 0.5 
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ΔR(e,μ) > 0.5 

qe * qμ = -1

2: Region Definition 
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Background sources
1. Leptons from heavy flavour QCD decays 
(referred to as “QCD”) 

•  Real displacement due to B,D meson 
lifetime 

• Data-driven prediction from sidebands 
2. Z→ττ→eμ 

•  Real displaced leptons due to τ lifetime 
•  Taken from MC prediction after 
validating in control regions 

3. Prompt SM backgrounds 
• W→lν+jets, Z→ee/μμ, ttbar, single top, 

diboson 
•  <10% of background, taken from 
(validated) MC prediction

8

4.3 Trigger efficiency corrections 5

requirements which are included in the CMS official efficiency estimation are removed. These
corrections are not designed to account for the behavior of very displaced leptons, since the Z
boson decays promptly. Instead, we use these corrections as a baseline and use several other
control samples to verify the modeling of displaced leptons.

In order to verify that the simulation is reliable for leptons with large impact parameters, we
look at the events in which one of the leptons is prompt and the other is allowed to be either
prompt or displaced. In this way, we construct a background-dominated region, with a large
number of non-prompt leptons populating it, which does not overlap with any signal region.
This allows us to compare data and simulation into the tails of the impact parameter spectra.
Two regions are defined - one for electrons and one for muons. For each region, the prompt
lepton is required to have |d0| < 200 µm and the other lepton is required to have |d0| > 100 µm.
Figure 1 shows the impact parameter distributions of the leptons in the region which contains
another prompt lepton with opposite flavor. In this figure, the QCD contribution is estimated
using the data, scaling the events in the anti-isolated region to match the yields in the isolated
region as those regions are defined in section 5. Here we see evidence that the shape of the data
is well modeled by the simulation, even into the tails of the |d0| distributions.
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Figure 1: Lepton transverse impact parameter spectra in the region which contains another
prompt lepton with opposite flavor, for electrons (left) and muons (right). The bin contents
have been rescaled to account for the varying sizes of the bins. The contents of the overflow
bin are added to the rightmost bin of the plot.

To estimate the degradation of lepton track reconstruction at high impact parameter, we use
dedicated samples of cosmic muon events in data and MC. Up to a |d0| of 2 cm, the tracking
efficiency is above 90% for both data and MC. We use these events to calculate a scale factor to
correct for the difference between data and MC in the region in which |d0| > 200 µm. This scale
factor is measured to be 0.960 ± 0.014, where the uncertainty comes from the limited statistics
of the samples. This factor is applied to leptons in the simulated events passing the analysis
selections. A similar method of deriving such scale factors can be found in [6].

4.3 Trigger efficiency corrections

Trigger efficiencies are estimated using a data sample collected with jet/MET triggers, which
are uncorrelated with our event selections. This sample is enriched with tt events by requiring
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Figure 1: Lepton transverse impact parameter spectra in the region which contains another
prompt lepton with opposite flavor, for electrons (left) and muons (right). The bin contents
have been rescaled to account for the varying sizes of the bins. The contents of the overflow
bin are added to the rightmost bin of the plot.

To estimate the degradation of lepton track reconstruction at high impact parameter, we use
dedicated samples of cosmic muon events in data and MC. Up to a |d0| of 2 cm, the tracking
efficiency is above 90% for both data and MC. We use these events to calculate a scale factor to
correct for the difference between data and MC in the region in which |d0| > 200 µm. This scale
factor is measured to be 0.960 ± 0.014, where the uncertainty comes from the limited statistics
of the samples. This factor is applied to leptons in the simulated events passing the analysis
selections. A similar method of deriving such scale factors can be found in [6].
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Exclusion curve

9

sensitivity limited by: 

 short lifetime: 
 prompt backgrounds 

 long lifetime: 
 signal acceptance

1% to 5%. The PDF and cross section uncertainties are
propagated into the limits for all simulated data sets. The
luminosity estimate, based on the pixel cluster counting
method [48], has an uncertainty of 2.6%. For the displaced
track reconstruction efficiency, the (4%) correction is
correlated for each lepton, resulting in a 8.0% systematic
uncertainty per event. The uncertainty in the data-driven
HF estimate is 30% and is dominated by the limited size of
the sample used. Uncertainties in trigger efficiency, pileup
correction, and lepton correction factors are calculated
and incorporated but are small compared to the previously
mentioned uncertainties.
Table I shows the numbers of observed and expected

background events in the three search regions. We do not
observe any significant excess over the background expect-
ation. We set 95% confidence level (CL) upper limits on
the cross section for top squark pair production at 8 TeV.
We perform this as a simultaneous counting experiment in
three bins of the three search regions. We use a Bayesian
calculation assuming a flat prior for the signal as a function
of top squark mass. Nuisance parameters arising from
statistical uncertainties are modeled as gamma distribu-
tions, while all others are modeled as log-normal distribu-
tions. 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 simpli-
fied model with decoupled squarks and gluinos [49–51].
The resulting expected and observed limit contours are
shown in Fig. 2. The region to the left of the contours is
excluded. For a lifetime of cτ ¼ 2 cm, we exclude top
squark masses up to 790 GeV, to be compared with a value
of 780 GeV expected in the absence of any signal.
In summary, a search has been performed for new

physics with an electron and muon with opposite charges
having a signature of large impact parameter values, with
no requirements made on jets or missing transverse
energy. No excess is observed above background for

displacements up to 2 cm. While this search is expected
to have sensitivity to a wide range of theoretical models,
the results are interpreted in the context of a displaced
supersymmetry model [1] with a pair-produced top
squark having a lifetime between cτ ¼ 0.02 cm and
cτ ¼ 100 cm. Limits are placed at 95% C.L. on this
model as a function of top squark mass and lifetime.
For a lifetime hypothesis of cτ ¼ 2 cm, top squark masses
up to 790 GeVare excluded. These are the most restrictive
limits obtained to date on this model.

TABLE I. Numbers of expected and observed events in the three search regions (see the text for the definitions of these regions).
Background and signal expectations are quoted as Nexp " 1σðstatÞ " 1σðsystÞ. If the estimated background is zero in a particular search
region, the estimate is instead taken from the preceding region. Since this should always overestimate the background, we denote this
by a preceding “<” symbol.

Event source SR1 SR2 SR3

Other EW 0.65" 0.13" 0.09 ð0.89" 0.53" 0.12Þ × 10−2 < ð89" 53" 12Þ × 10−4

Top quark 0.77" 0.04" 0.08 ð1.25" 0.26" 0.12Þ × 10−2 ð2.4" 1.3" 0.2Þ × 10−4

Z → ττ 3.93" 0.42" 0.39 ð0.73" 0.73" 0.07Þ × 10−2 < ð73" 73" 7Þ × 10−4

HF 12.7" 0.2" 3.8 ð98" 6" 30Þ × 10−2 ð340" 110" 100Þ × 10−4

Total expected background 18.0" 0.5" 3.8 1.01" 0.06" 0.30 0.051" 0.015" 0.010
Observed 19 0 0
pp → ~t~t% (M~t ¼ 500 GeV)
cτ ¼ 0.1 cm 30.1" 0.7" 5.3 6.54" 0.34" 1.16 1.34" 0.15" 0.24
cτ ¼ 1 cm 35.3" 0.8" 6.2 30.3" 0.7" 5.3 51.3" 1.0" 9.0
cτ ¼ 10 cm 4.73" 0.30" 0.83 5.57" 0.32" 0.98 26.3" 0.7" 4.6
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FIG. 2 (color online). Expected and observed 95% C.L. cross
section exclusion contours for top squark pair production in the
plane of top squark lifetime (cτ) and top squark mass. These
limits assume a branching fraction of 100% through the RPV
vertex ~t → bl, where the branching fraction to any lepton flavor is
equal to 1=3. As indicated in the plot, the region to the left of the
contours is excluded by this search.

PRL 114, 061801 (2015) P HY S I CA L R EV I EW LE T T ER S
week ending

13 FEBRUARY 2015

061801-4

Number of observed events is consistent 
with the expected background

…

…
μ 

PRL 114(2015)061801
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Dilepton same vertex 
Search
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Signal model
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arXiv:hep-ph/0605193

R-parity violating supersymmetry
arXiv:hep-ph/0406039

Discovering the Higgs through 
highly-displaced vertices 

H → XX, X → l+l-

𝜒0 → l+l- 𝜈 ~q → q𝜒0  ~ ~ ,

http://arxiv.org/abs/hep-ph/0605193
http://arxiv.org/abs/hep-ph/0406039
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Event selection
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1: electrons: 
|η| < 2 

pT > 36(21) GeV 
ET > 40(25) GeV 

isolation 
no requirement on qe 

same vertex 
mll > 15 GeV

1: muons 
|η| < 2 

pT > 26 GeV 
isolation 

qμ1* qμ2 = -1 
same vertex 
mll > 15 GeV 
𝛼 < 2.48

3: Signal region 
d0/σd > 12 
Δ𝜑  < π/2 

𝛼
𝜇+

𝜇-

l+

PV Δ𝜑
SV

l-
ll

l+

2: Control region 
Δ𝜑  > π/2 
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Exclusion curves
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Recasting

15

Both analyses give useful information to recast their results
E-mu Search

Single limit plot but provide efficiency 
curves  

https://twiki.cern.ch/twiki/bin/view/CMSPublic/DisplacedSusyParametrisationStudyForUser
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Dilepton same vertex Search
Provide limit plots in which the 

acceptance is factorised
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Run2 analysis
• The final states of the two analyses will be covered in 

single paper 

• Many extensions can be done at 13 TeV 

• Same sign leptons

16 !  Muon reconstruction efficiency as a function of the production radius, for muons from 
the direct decay  stop → b + µ  (with muon pT > 10 GeV and |η| < 2.4) 

!  Standard algorithms for muon-only (black) and tracker+muon (red) reconstruction, 
compared with the new algorithms for displaced-muon reconstruction: Displaced 
Standalone (blue) and Displaced Global (magenta)  

Displaced Global Muons: Efficiency 

Simulated signal process:  

!  PYTHIA8 stop pair production  

―  M(stop) = 200 GeV,  cτ = 1 m 

―  Decay:  stop → b + ℓ   

!  Flat average pileup distribution 10-50 
events 

!  Bunch spacing: 25 nsc 

Significant improvement in the 
muon acceptance has been 

achieved for Run2 
Run 1

Run 2
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Summary

17

• We have presented two searches for long-lived BSM particles with 
different final states 

• Both searches cover a region of parameter space that no previous 
searches are optimised for 

• In the absence of any excess, we have set limits on various models 
• Both analyses provide information to recast easily their results to 

exclude other models 
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Backup Slides

18
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Motivation for Long-lived Searches

19

4 5 Results

|h| < 1 region for pT > 0.6 GeV/c. For the multiplicity range studied here, little or no depen-
dence of the tracking efficiency on multiplicity is found and the rate of misreconstructed tracks
remains at the 1–2% level.

Simulations of pp, pPb and peripheral PbPb collisions using the PYTHIA, HIJING and HYDJET
event generators, respectively, yield efficiency correction factors that vary due to the different
kinematic and mass distributions for the particles produced in these generators. Applying
the resulting correction factors from one of the generators to simulated data from one of the
others gives associated yield distributions that agree within 5%. Systematic uncertainties due
to track quality cuts are examined by loosening or tightening the track selections on dz/s(dz)
and dxy/s(dxy) from 2 to 5. The associated yields are found to be insensitive to these track
selections within 2%.
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Figure 1: 2-D two-particle correlation functions for 5.02 TeV pPb collisions for pairs of charged
particles with 1 < pT < 3 GeV/c. Results are shown (a) for low-multiplicity events (Noffline

trk <
35) and (b) for a high-multiplicity selection (Noffline

trk � 110). The sharp near-side peaks from jet
correlations have been truncated to better illustrate the structure outside that region.

5 Results

Figure 1 compares 2-D two-particle correlation functions for events with low (a) and high (b)
multiplicity, for pairs of charged particles with 1 < pT < 3 GeV/c. For the low-multiplicity
selection (Noffline

trk < 35), the dominant features are the correlation peak near (Dh, Df) = (0, 0)
for pairs of particles originating from the same jet and the elongated structure at Df ⇡ p for
pairs of particles from back-to-back jets. To better illustrate the full correlation structure, the jet
peak has been truncated. High-multiplicity events (Noffline

trk � 110) also show the same-side jet
peak and back-to-back correlation structures. However, in addition, a pronounced “ridge”-like
structure emerges at Df ⇡ 0 extending to |Dh| of at least 4 units. This observed structure is
similar to that seen in high-multiplicity pp collision data at

p
s = 7 TeV [17] and in AA collisions

over a wide range of energies [3–10].

As a cross-check, correlation functions were also generated for tracks paired with ECAL pho-
tons, which originate primarily from decays of p0s, and for pairs of ECAL photons. These
distributions showed similar features as those seen in Fig. 1, in particular the ridge-like corre-
lation for high multiplicity events.

To investigate the long-range, near-side correlations in finer detail, and to provide a quanti-
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Figure 26: (a) Distribution of a test-statistic q = �2ln(L0�/L0+) of the pseudoscalar boson
hypothesis tested against the SM Higgs boson hypothesis. Distributions for the SM Higgs
boson are represented by the yellow histogram and for the alternative JP hypotheses by the
blue histogram. The arrow indicates the observed value. (b) Average expected and observed
distribution of �2D ln L as a function of fa3. The horizontal lines at �2D lnL = 1 and 3.84
represent the 68% and 95% CL, respectively.
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Summary of CMS SUSY Results* in SMS framework

CMS Preliminary

m(mother)-m(LSP)=200 GeV m(LSP)=0 GeV
SUSY 2013

 = 7 TeVs

 = 8 TeVs

lspm⋅-(1-x)motherm⋅ = xintermediatem
For decays with intermediate mass,

Only a selection of available mass limits
*Observed limits, theory uncertainties not included

Probe *up to* the quoted mass limit

• Lots of exciting results in Run 1, but… 
• No physics beyond the standard model observed 

• CMS has generally been looking for prompt signatures 
• There are many well-motivated scenarios with long-lived 

particles

vast majority of 
previous limits apply 
to prompt decays
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Motivation for this Search

20

CMS has searches for non-prompt signatures, but they focus on longer lifetimes 

• A Higgs at 126 GeV favors shorter 

lifetimes for BSM (⟨cτ⟩ ~100 µm - 1 cm)  
• This search targets this range.  It is 

designed to explore the gap between 
prompt and very long-lived signatures

EXO-12-036
Long-lived Gluinos

• Or can search for strongly 
produced gluinos that would be 
long-lived

• Decay via squarks 
suppressed
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Figure 8: NNLO prediction for the Higgs mass Mh in High-Scale Supersymmetry (blue, lower) and
Split Supersymmetry (red, upper) for tan� = {1, 2, 4, 50}. The thickness of the lower boundary at
tan� = 1 and of the upper boundary at tan� = 50 shows the uncertainty due to the present 1�
error on ↵s (black band) and on the top mass (larger colored band).

by tuning �⇤ or, in other words, by accurate variations of Mh and Mt. The existence of

the false vacuum depends critically on the exact values of the SM parameters and requires

dialing Mh and Mt by one part in 106. However, the exact value of the needed top mass has a

theoretical uncertainty, reduced down to ±0.5GeV thanks to our higher-order computation.

Note from fig. 7 that the field value where the false vacuum is positioned is larger than what

was reported in [6,18]. The corrections in eq. (52) [3,5] are mostly responsible for the larger

field values found in our analysis.

4.4 Supersymmetry

Our higher order computation of the relation between the Higgs mass and the Higgs quartic

coupling � has implications for any model that can predict �. If supersymmetry is present

at some scale m̃, then in the minimal model one finds the tree-level relation

�(m̃) =
1

8

⇥

g2(m̃) + g02(m̃)
⇤

cos2 2� . (70)
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Abstract

We present the first complete next-to-next-to-leading order analysis
of the Standard Model Higgs potential. We computed the two-loop
QCD and Yukawa corrections to the relation between the Higgs
quartic coupling (�) and the Higgs mass (Mh), reducing the theo-
retical uncertainty in the determination of the critical value of Mh

for vacuum stability to 1 GeV. While � at the Planck scale is re-
markably close to zero, absolute stability of the Higgs potential is
excluded at 98% C.L. for Mh < 126GeV. Possible consequences of
the near vanishing of � at the Planck scale, including speculations
about the role of the Higgs field during inflation, are discussed.
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28 6 Discovery Potential: Exotic New Particles

These assumptions allow us to rescale the results of [53] to both higher center of mass energy
and integrated luminosity with little difficulty. The results of this exercise are presented in
terms of cross section reach defined as the cross section for which an observed signal is expected
with a significance of at least 5 standard deviations (5s). Figures 24 and 25 show the expected
reach as a function of HSCP mass for hadron-like HSCP (stops and gluinos) and for lepton-like
staus (direct and inclusive production), respectively.
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Figure 24: Minimum cross sections for an expected signal significance of 5 standard deviations.
The signal models considered are the pair production of gluinos (left) and of stops (right).

The results show that the additional integrated luminosity will allow us to be sensitive to long-
lived particles produced with a cross sections at least one order of magnitude lower than what
has been excluded by [53]. It should be noted that the models considered in this search are
simple benchmarks and the search for long-lived particles even in the already excluded mass
range must be continued. This is because the exclusion results rely entirely on theoretical cross
section predictions made in the context of a given model (e.g., Split SUSY, GMSB), while the
analysis itself is signature-based and mostly decoupled from any given theoretical model. For
example, it is known from past studies [54] that the sensitivity to lepton-like HSCPs in Uni-
versal Extra Dimension (UED) models is significantly less due to their lower production cross
sections. The cross section limits should therefore be pushed as low as possible regardless of
the excluded mass range as interpreted in the context of a few popular benchmark models.

6.4 Search for Heavy Vector-like Charge 2/3 Quarks

Vector-like quarks differ from SM quarks in their electroweak couplings. Whereas SM quarks
have a V-A coupling to the W boson, i.e. their left and right-handed states couple differently to
the W boson, vector-like quarks have only vector coupling to the W boson. One can thus write
a mass term for them that does not violate gauge invariance without the need for a Yukawa
coupling to the Higgs boson. Vector-like quarks are predicted, for example, by Little Higgs
models [55, 56]. They can cancel the diverging contributions of top quark loops to the Higgs
boson mass offering an alternative solution to the hierarchy problem.

We search for a vector-like T quark with charge +2/3, which is pair produced together with its

However, Higgs data suggest more of a “mini” 
split with cτ << radius of detector

If the split is large, sensitivity from heavy 
stable particle searches to > 2 TeV

23

EXO-12-026 

EXO-12-038 
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• The “Displaced Supersymmetry” model 
• arXiv:1204.6038v1 (P. Graham, D. Kaplan, S. Rajendran, P. 

Saraswat) 
• Small RPV couplings generate long-lived LSP 
• One of many such models 

• As benchmark, we consider a stop LSP, decaying as t→bl± 

• Look for final states containing an electron and a muon 

Benchmark Model

21

RPV Interactions
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ABCD Methodology

22

SS OS

isolated

anti-isolated

isolated

anti-isolated

SS OS

A

C D

BOur goal is to predict the 
number and d0 shapes of 
QCD events in Region B

C
A

D
B= ⇒ B DC

A= ×
1. By measuring the QCD events 
 in A,C, and D, we can predict the 

number of QCD events in B

2. Then we can scale the events in region D to 
this number to obtain the d0 shapes
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QCD Impact Parameter Shapes

23

OS

isolated

anti-isolated

OS
D

B

Take lepton d0 shapes from data in region D, 
normalize using yield from ABCD method 

e/μ d0 shapes

× ABCD scale factor
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• Negligible QCD contribution 

• Limited statistics restrict |d0| range 

• Shows good data/MC agreement at high d0

24

MC Validation: Region I

20 4 Background characterization and estimation techniques

the QCD contribution to be the difference of data and non-QCD MC, and the error on the285

QCD contribution is the error on that difference, including all systematic uncertainties on the286

simulation. This ratio is then applied to the events in region D (anti-isolated OS leptons) to287

find the expected QCD yield in region B (isolated OS leptons). Table 14 shows the event yields288

in the displaced control region after the QCD estimate is performed. In addition to using the289

QCD event yield from region D, we also take the events in data, weight them using the NA/NC290

transfer factor, and then include them in region B (labeled data � driven QCD) to describe the291

shape of the QCD background. Figure 7 shows the electron-muon invariant mass spectrum in292

the displaced lepton control region.293

Table 14: Numbers of expected events in the displaced lepton control region

Event Source Event Yield ± 1s (stat.) ± 1s (sys.)
W!ln 2 ± 1.65 ± 0.193
Diboson 3 ± 0.555 ± 0.181
single top 3 ± 1.16 ± 0.209
tt̄ 12 ± 0.802 ± 0.742
Z!ll 109 ± 9.72 ± 5.49
data � driven QCD 653 ± 5.66 ± 32.7
background sum 785 ± 11.5 ± 33.1
MuEG data 763

4.2 Z!tt Background294

Besides QCD, given the requirements large impact parameters for both the electrons and muons,295

Z!tt is another major background, due to the relatively long lifetime of t.296

In estimating the contributions from Z!tt, one supposes the Monte Carlo is sufficient and will297

give us acceptable statistical uncertainties so that we construct a Z!tt control region, whose298

definitions are listed in Table 15, to verify this assumption. The impact parameter spectra are299

shown in Figure 8 for Z!tt. One notices that the MC-Data agrees well in the non-prompt300

region. Also three of the signal modes which have the largest cross section are included in301

Figure 8, informing very small signal contamination.302

Z!tt Selections
Trigger HLT Mu22 Photon22 CaloIdL v

Good Event FilterOutScraping> 0 and Good primary vertex

Good Lepton � 1 Good muon
� 1 Good electron

Z Selections

exactly one electron with MT < 50 GeV
exactly one muon with MT < 50 GeV

exactly one electron-muon pair with Df > 2.5
Â pT jet < 100 GeV

Table 15: Selections of Z!tt Control Region

4.3 Other Backgrounds303

Backgrounds other than QCD and Z!tt would not produce leptons with large impact pa-304

rameters physically, these events mainly come from W!ln, diboson, other Drell-Yan processes,305

Z→ττ control region: 
analysis preselection

+
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Summary of Systematic Uncertainties on 
background and signal yield 

Additional systematics on MC included in the “Total” column: 

Luminosity: 2.6% 
Trigger Efficiency: 2.0% 

Displaced Track Reconstruction Efficiency: 5.7% 
Matching and Scale Uncertainty (ttbar and W)

25
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Function) library [31, 32]. Following the official PDF4LHC recommendation [33] we estimated335

the acceptance uncertainties using the PDF re-weighting method. According to the PDF4LHC336

recipe the systematic errors are obtained by the use of an envelope of the CTEQ, MSTW and337

NNPDF PDF sets.338

The systematic uncertainties on simulated samples used in this analysis are summarized in339

Table 2. Uncertainties that have the same value for all processes and those that only apply to340

certain samples are not individually listed in the table. The values quoted for the signal simula-341

tion show the range of uncertainties over all choices of signal model parameters. Uncertainties342

for the signal process generally increase with the stop mass, and remain relatively constant as343

a function of stop lifetime. The rightmost column shows the total systematic uncertainty on344

each sample, incorporating both the other columns in the table as well as other uncertainties345

described in this section.346

Table 2: Sources of systematic uncertainty relevant to this search. The rightmost column in-
cludes all the relevant systematic uncertainties, not only those explicitly mentioned in the table.

Dataset Cross-section Pileup e ID/ISO µ ID/ISO PDF Total
W!ln ±3.5% ±0.07% ±0.42% ±0.61% ±0.66% ±11.0%

diboson ±6.2% ±0.28% ±0.35% ±0.63% ±0.59% ±9.0%
single top ±6.9% ±0.17% ±0.29% ±0.64% ±2.15% ±9.4%

tt̄ ±4.3% ±0.19% ±0.49% ±0.56% ±0.11% ±8.0%
Z!ll ±4.6% ±0.21% ±0.29% ±0.64% ±1.66% ±8.1%
QCD — — — — — ±30%
signal ±15-28% ±0.1-5.4% ±0.13-0.29% ±0.9-3.8% ±0.06-4.6% ±15-28%

7 Results347

Table 3 shows the numbers of expected background events in our search regions, as well as the348

observation. Only leptons with |d0| < 2 cm are included in the search regions. In the case in349

which zero events are predicted, we take the estimate from the previous search region with a350

non-zero expected background yield. We denote this by putting these estimates in brackets.351

Since we do not observe any significant excess over the background expectation, we set 95% CL352

upper limits on the cross section for stop pair production via gluon fusion at 8 TeV. This is done353

with a Bayesian calculation with flat priors for the signal strength. These are then converted354

into upper limits on the mass of the stop, where the cross section for each mass hypothesis355

is calculated at NLO+NLL precision within a simplified model with decoupled squarks and356

gluinos [28–30]. We do this for each stop lifetime hypothesis that we consider. The resulting357

expected and observed limit contours are shown in Figure 5 with the region to the left of the358

contours being excluded. We are able to exclude stop masses up to 830 GeV for a lifetime of359

2 cm/c.360

8 Conclusion361

In summary, a search has been performed for new physics with an electron and muon in the362

final state which are displaced transversely from the LHC luminous region, with no require-363

ments made on jets or missing energy. The data sample corresponds to 19.7 fb�1 of proton-364


