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๏ Long-lived particle signatures and BSM examples	

๏ Highlights of ATLAS searches with 8 TeV data	


‣ Late-decaying particles (SUSY-2013-03)	

‣ Slow massive charged particles (ATLAS-CONF-2013-058)	


‣ Disappearing tracks (SUSY-2013-01)	

‣ Displaced vertices (ATLAS-CONF-2013-092)	


๏ Summary
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Introduction
๏ Though no sign of BSM yet, the measured Higgs mass of ~126 GeV 

may imply the existence of unknown particles related the hierarchy 
problem.	


๏ This also motivates us to:	

‣ SUSY	


- High-scale supersymmetry breaking (or heavy scalars): split SUSY, AMSB, ..	

- Stealth SUSY, RPV scenarios, ..	


‣ Non-SUSY : Less constrained. Some could also give a solution to the hierarchy problem, 
a good dark matter candidate	


- e.g. Hidden Valley, Higgs portal, multi-charged particles(monopoles, Q-balls), quirks, ..	


!

๏ All these models/scenarios predict various long-lived particle 
signatures at the LHC!	

‣ Easily go undetected! Cover loopholes in generic BSM searches. (Could be only the one we can observe in 

the LHC data?)
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Signatures and BSM examples
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Signature Scenario decay-length sensitivity

1 Late decaying split SUSY, Hidden Valley —

2
low β, 	


large dE/dx
GMSB, Split-SUSY, Stealth 

SUSY, Multi-charged >1000mm

3 Disappearing track AMSB (wino-LSP) O(100-1000)mm

4 Non-pointing γ GMSB O(100-1000)mm

5
Displaced vertex, 

Lepton-jet
RPV, GMSB,	


Hidden Valley O(10-100)mm

Comprehensive searches in ATLAS, 
covering almost all possible experimental 
signatures with innovative analysis 
techniques.	

Few SM background process in general, but 
instrumental background dominates. The 
searches require full understanding of 	


• material effects	

• alignment	

• timing calibration	

• non-collision background
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4 Non-pointing γ GMSB O(100-1000)mm

5
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Lepton-jet
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Hidden Valley O(10-100)mm

Comprehensive searches in ATLAS, 
covering almost all possible experimental 
signatures with innovative analysis 
techniques.	

Few SM background process in general, but 
instrumental background dominates. The 
searches require full understanding of 	


• material effects	

• alignment	

• timing calibration	

• non-collision background

8 TeV search results available, 

presented today!



Late-decaying particles
๏ Benchmark model: Split SUSY	


‣ Gluinos decay via internal heavy squark lines, become meta-stable and form bound states (R-
hadrons)	


๏ Signature to explore:	

‣ Special case that gluinos are produced near threshold:	


- Some R-hadrons have low β and “stop” in the detector.  Then they decay much later.	

‣ ⇒ Look for energetic jets (from R-hadron decays) in “empty bunches”.	


- Small background mainly comes from cosmic, noise and beam halo interactions.
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The signal efficiency depends on the lifetime:

Stopping fraction

Timing acceptance	

(depending on lifetime)

Reconstruction efficiency

� = �WXST � �8 � �VIG



Late-decaying particles
๏ Selection	


‣ Events trigger in empty bunches, containing large calorimeter activity	

‣ Offline jet with E>100(300) GeV and |eta|<1.2	

‣ Muon activity veto to remove cosmic/beam-halo backgrounds	


๏ Background	

‣ Estimated using low-luminosity data (cosmic) and unpaired crossings (beam halo).	


๏ No excess observed..
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FIG. 5. Some candidate event displays from 2011 (top) and 2012 (bottom) data passing all selections. White squares filled
with red squares show reconstructed energy deposits in TileCal cells above noise threshold (the fraction of red area indicates
the amount of energy in the cell), purple bars show a histogram of total energy in projective TileCal towers, and jets are shown
by red semi-transparent trapezoids. Muons segments are drawn but none are reconstructed in these events. E

miss
T is shown as

an orange arrow.

times, to simplify the calculation. For R-hadron lifetimes
less than 10 seconds, the bunch structure is taken into
account, but not the possibility that an R-hadron pro-
duced in one run could decay in a later one. For longer
R-hadron lifetimes, the bunch structure is averaged over,
but the chance that stopped R-hadrons from one run de-
cay in a later one is considered. The resulting timing
acceptance is presented in Fig. 7.

X. SYSTEMATIC UNCERTAINTIES

Three sources of systematic uncertainty on the sig-
nal e�ciency are studied: the R-hadron interaction with
matter, the out-of-time decays in the calorimeters, and
the e↵ect of the selection criteria. The total uncertain-
ties, added in quadrature, are shown in Table II. In ad-
dition to these, a 2.6% uncertainty is assigned to the lu-
minosity measurement [60], fully correlated between the
2011 and 2012 data. To account for occasional dead-time

due to high trigger rates, a 5% uncertainty is assigned to
the timing acceptance; this accounts for any mismodeling
of the accidental muon veto as well. The gluino, stop, or
sbottom pair-production cross-section uncertainty is not
included as a systematic uncertainty but is used when ex-
tracting limits on their mass by finding the intersection
with the cross section �1� of its uncertainty.

A. R-hadron–Matter Interactions

The various simulated signal samples are used to es-
timate the systematic uncertainty on the stopping frac-
tion due to the scattering model. There are two sources
of theoretical uncertainty: the spectrum of R-hadrons
and nuclear interactions. To estimate the e↵ect from
di↵erent allowed R-hadron states, three di↵erent scatter-
ing models are employed: generic, Regge, and interme-
diate (see Sec. V). Each allows a di↵erent set of charged
states that a↵ect the R-hadron’s electromagnetic interac-
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FIG. 6. The event yields in the signal region for candidates with all selections (in Table III) except jet energy > 300 GeV. All
samples are scaled to represent their anticipated yields in the search region. The top hashed band shows the total statistical
uncertainty on the background estimate.

tion with the calorimeters. Since these models have large
di↵erences for the R-hadron stopping fraction, limits are
quoted separately for each model, rather than including
the di↵erences as a systematic uncertainty on the signal
e�ciency. There is also uncertainty from the modeling of
nuclear interactions of the R-hadron with the calorimeter
since these can a↵ect the stopping fraction. The e↵ect
is estimated by recalculating the stopping fraction after

doubling and halving the nuclear cross section. The dif-
ference gives a relative uncertainty of 11%, which is used
as the systematic uncertainty in limit setting.

Candidate event in 2012



Late-decaying particles
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FIG. 8. Bayesian upper limits on gluino events produced versus gluino mass for the various signal models considered, with
gluino lifetimes in the plateau acceptance region between 10�5 and 103 seconds, compared to the theoretical expectations.

A limit of > 545-784 GeV is set 
for 10-6<τ<103 sec.	

Limits with different R-hadron 
decays and interaction models 
(resulting in different stopping 
fractions) are also given.
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FIG. 9. Bayesian upper limits on stop or sbottom events produced versus stop/sbottom mass for the various signal models
considered, with stop/sbottom lifetimes in the plateau acceptance region between 10�5 and 103 seconds, compared to the
theoretical expectations.

TABLE VI. Bayesian lower limits on gluino, stop, and sbottom masses for the various signal models considered, with lifetimes
in the plateau acceptance region between 10�5 and 103 seconds.

Leading jet R-hadron Gluino/squark Neutralino Gluino/squark mass limit (GeV)

energy (GeV) model decay mass (GeV) Expected Observed

100 Generic g̃ ! g/qq̄ + �̃

0
mg̃ � 100 526 545

100 Generic g̃ ! tt̄+ �̃

0
mg̃ � 380 694 705

300 Generic g̃ ! g/qq̄ + �̃

0 100 731 832

300 Generic g̃ ! tt̄+ �̃

0 100 700 784

300 Intermediate g̃ ! g/qq̄ + �̃

0 100 615 699

300 Regge g̃ ! g/qq̄ + �̃

0 100 664 758

100 Generic t̃ ! t+ �̃

0
mt̃ � 200 389 397

100 Generic t̃ ! t+ �̃

0 100 384 392

100 Regge t̃ ! t+ �̃

0 100 371 379

100 Regge b̃ ! b+ �̃

0 100 334 344

 Results 



Slow massive charged particles
๏ Nearly-stable NSLP staus in GMSB. Can be observed as “slow heavy 

muons”.	

๏ Select slow muon-like particles with pT>50 GeV, β<0.95 and 

reconstruct mass by:	

‣ p taken from track, β measured by muon detector (also required to be consistent with 

the calorimeter-based measurement)
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Figure 1: Distribution of the combined � measurement for selected muons in data and Z ! µµ decays in
MC simulation. The typical resolutions are 0.025.

production, between 61% and 78% for direct slepton production and between 69% and 85% for chargino
and neutralino production events.

5.2 O✏ine selection

Event selection
Collision events are selected by requiring a good primary vertex, with at least three ID tracks, and with
requirements on the position of the reconstructed primary vertex. The primary vertex is defined as
the reconstructed vertex with the highest

P
p

2
T

of associated tracks. Events flagged as having flaws in
detector operation are rejected. This analysis requires at least two loosely identified muons in each event,
because ⌧̃1s are expected to be produced in pairs, either via direct production or as decay product of high-
mass pair produced sparticles, and both with a high probability of being observed in the MS. Cosmic ray
background is rejected by removing tracks that do not pass close to the primary vertex in z. Candidates
with an ID track with |ztrk

0 � z

vtx
0 | > 10 mm are removed, where z

trk
0 is the z coordinate at the distance

of closest approach of the track to the primary vertex. Events with cosmic rays are also rejected by a
topological cut on any two candidates with opposite ⌘ and � (|⌘1+⌘2| < 0.005 and ||�1��2|�⇡| < 0.005).

LLP candidate selection
Two sets of selection criteria are applied. A loose selection with high e�ciency is used to select candi-
dates in events where there are two LLP candidates. Very rarely would a non-GMSB event have two high
pT muons, both with � from the tail of the distribution and a large reconstructed mass. In events where
only one candidate passes the loose selection, that candidate is required to pass a tighter selection.The
one tight candidate sample is used for background estimation checks.

LLP candidates in the loose slepton selection are required to have pT > 50 GeV. The pT measurements

5

Q = T/��

Timing calibration crucial!!	

‣ Performed using Z→μμ events	


‣ Resolution: ~2.5% 	


Background dominated by muons with 
mismeasured β.	

‣ Estimated by generating combination of the p of a 

candidate track with a randomly extracted β 
from muon-β distribution.



Slow massive charged particles
๏ Significant signal-to-background ratios expected in two-track-candidates events.	


‣ No excess above SM expectation.	


๏ Interpretations in context of GMSB:	

‣ Stau mass >402–347 GeV (tanβ=5-50)	


‣ >267 GeV (assuming direct pair production)
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Figure 3: On the left, observed data and expected signal in the two-candidate signal region in the slepton
search. On the right, the lower of the two masses is plotted for observed data, background estimate and
expected signal for ⌧̃1 masses of 346 GeV and 437 GeV.

samples shown on the right have ⌧̃1 masses of 346 GeV and 437 GeV.

No indication of signal above the expected background is observed, and limits on new physics scenarios
are set. Cross-section limits are obtained using the CL

s

prescription [50]. Mass limits are derived by
comparing the obtained cross-section limits to the lower edge of the 1� band around the theoretically
predicted cross-section for each process.

The resulting production cross-section limits at 95% confidence level (CL) in the GMSB scenario as a
function of the ⌧̃1 mass are presented in Figure 4 and compared to theoretical predictions. A long-lived
⌧̃1 in GMSB models with N5 = 3, mmessenger = 250 TeV and sign(µ) = 1 are excluded at 95% CL up to
masses of 391, 402, 392, 382, 366, 347, GeV for tan� = 5, 10, 20, 30, 40 and 50, respectively.

Limits on the rates of specific production mechanisms are obtained by repeating the analysis on subsets
of the GMSB samples corresponding to each production mode. For GMSB models with parameters in
this range, strong production of squarks and gluinos is suppressed due to their large masses. Directly
produced sleptons comprise 30–63% of the GMSB cross-section, and the corresponding ⌧̃1 production
rates depend only on the ⌧̃1 mass and the mass di↵erence between the right handed ẽ (or µ̃) and the
⌧̃1. Thus, using the same analysis, constraints can be made on a simple model with only pair-produced
sleptons which are long lived, or which themselves decay to long-lived sleptons of another flavour. Such
direct production is excluded at 95% CL up to ⌧̃1 masses of 342 to 300 GeV for models with slepton
mass splittings of 0.75 to 90 GeV. The slepton direct production limits are shown in Figure 5. Figure 6
shows the cross-section limits on direct ⌧̃1 production, as would be the case when the mass splitting to
the other sleptons is very large. Masses below 267 GeV are excluded if only ⌧̃1 is produced.

Finally, in the context of the GMSB model, 30–50% of the GMSB cross-section arises from direct
production of charginos and neutralinos (dominated by �̃0

1�̃
+
1 production) and subsequent decay to ⌧̃1.
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Figure 6: Cross-section limits as a function of the ⌧̃1 mass for direct ⌧̃1 production. Expected limits
are drawn as black lines with ±1 and ±2� uncertainty bands drawn in green and yellow respectively.
Observed limits are given as markers. The theoretical cross-section prediction is shown as a colored 1�
band.
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Figure 7 shows the 95% CL lower limits on the �̃0 and �̃+ mass when the final decay product is a long-
lived ⌧̃12. �̃0 masses below 475–490 GeV are excluded, with corresponding �̃+ masses 210–260 GeV
higher.

 mass [GeV]1τ
∼

250 300 350 400 450 500

C
ro

ss
 s

ec
tio

n 
[fb

]

1

10

210

 = 10βproduction, tan

σ 1±expected limit 

 = 30βproduction, tan

 = 50βproduction, tan

observed limit

σ 2±

observed limit

observed limit

ATLAS Preliminary
-1 Ldt = 15.9 fb∫ = 8 TeV, s

Figure 4: Cross-section limits as a function of the ⌧̃1 mass in GMSB models. Observed limits are given
as solid lines with markers. The theoretical prediction for the cross-section is shown as a colored 1�
band. Di↵erent colors represent models with di↵erent tan�. Expected limits for tan� = 10 are drawn as
black lines with ±1 and ±2� uncertainty bands drawn in green and yellow respectively.

9 Conclusion

A search for heavy long-lived sleptons through measurement of the mass of slepton candidates by means
of time-of-flight and specific ionisation loss measurements in ATLAS subdetectors has been performed.
The data are found to match the Standard Model background expectation in all signal regions. The
exclusion limits placed for various models impose new constraints on non-SM cross-sections. Long-lived
⌧̃1s in the GMSB model considered are excluded at 95% CL at masses below 402–347 GeV, for tan � =
5–50. Directly produced long-lived sleptons are excluded below 342 GeV for small mass di↵erence
between the light (right handed) sleptons and the ⌧̃1, and below 300 GeV for mass splittings of 90 GeV.
If only ⌧̃1 is produced, its mass is excluded below 267 GeV. Neutralinos that decay to long-lived ⌧̃s are
excluded below 475 GeV.

These results, thanks to increased luminosity and more advanced data analysis, substantially extend
our previous limits [36], and are largely complementary to the searches for SUSY particles decaying
promptly.

2The mass of the ⌧̃1 decreases with increasing tan� and increases with the �̃0 and �̃+ masses. At low �̃0 and �̃+ masses and
large tan�, the cross-section limits are thus a↵ected by the amount of background in the ⌧̃1 mass search region, which starts at
120 GeV for tan�=50 and at 170 GeV for tan�=10.
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direct stau production

 Results 



Disappearing tracks
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Wino-LSP SUSY scenarios predict 
the mass-degenerate     and    , 
resulting in a significant     lifetime:	

‣  	

‣  	

!

Some decaying     could be 
reconstructed as a “high-pT 
disappearing track”.	

‣                     : charged pion is to soft to be 

reconstructed (~100MeV).	

‣Need to be highly boosted (high pT) to get 

reconstructed.	

!

Explore EW production using 
events containing “ISR jet + 
disappearing track”
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1 Introduction

This note describes a search for the direct production of long-lived charginos with their subse-
quent decays in pp collisions at

√
s = 8 TeV.

Anomaly mediation of supersymmetry breaking (AMSB) [1,2] models for which supergrav-
ity couplings that induce mediation are absent and the soft supersymmetry (SUSY) breaking
is caused by loop effects, provide a calculable mass spectrum of SUSY particles. In AMSB
scenarios, the lightest gaugino is wino, then the lightest neutralino (χ̃0

1) and chargino (χ̃±1 ) are
the neutral and charged winos; χ̃±1 is slightly heavier due to radiative corrections involving
electroweak gauge bosons in the loops. Masses of neutral and charged winos are highly de-
generate and that leads to a considerably long lifetime of the lightest chargino. Some charginos
could be long-lived such that their tracks can be detected with the ATLAS inner detector. The
chargino decays into a neutralino and a low-momentum charged pion. A track arising from
such a chargino decay is classified as a disappearing track that appears to have few associated
hits in the outer region of the tracking system.

This note describes a search for the direct production of long-lived charginos with their
subsequent decays in pp collisions at

√
s = 8 TeV.

1.1 Anomaly-mediated supersymmetry breaking model

The minimal AMSB model (mAMSB) is characterized by four parameters: the gravitino mass
(m3/2), the universal scalar mass (m0), the ratio of Higgs vacuum expectation values at the
electroweak scale (tan β) and the sign of the higgsino mass term (s!n(µ)). In the model, the
gaugino masses have the special property that they are proportional to the coefficients of the
renormalization group equations for their corresponding gauge groups (i.e., bi = -33/5, -1, 3):

Mi = −
bi!i

16π2 m3/2, (1)

where i = 1, 2, 3 for gauge group U(1), SU(2) and SU(3), and !i is the corresponding gauge
coupling. The masses of the bino, wino and gluino then occur in the approximate ratio M1 :
M2 : M3 ≈ 3 : 1 : 7, resulting in a wino-like lightest supersymmetry particle (LSP). When µ
is large, the charged and neutral wino masses are essentially degenerate at tree level. The
mass splitting between the lightest chargino and neutralino (∆mχ̃1 ) comes from loop corrections
involving electroweak gauge bosons, and is calculated to be ∼ 165 MeV which is largely model-
independent. Fig. 1 (a) and (b) show the lightest chargino mass and ∆mχ̃1 in the m3/2-m0
space.

These features lead to the fact that the chargino predominantly decays into a neutralino and
a low-momentum charged pion; the decay width for this process is given as

Γ
(
χ̃±1 → χ̃0

1π±
)
=

2G2
F
π

cos2 θc f 2
π∆m3

χ̃1

⎛
⎜⎜⎜⎜⎜⎝1 −

m2
π

∆m2
χ̃1

⎞
⎟⎟⎟⎟⎟⎠

1
2

, (2)

where GF, θc, fπ and mπ are the Fermi coupling constant, the Cabbibo angle, the pion decay
constant (≃ 130 MeV) and the pion mass, respectively, resulting in a considerably long lifetime
of the chargino (τχ̃±1 ∼ 0.2ns):

cτχ̃±1 ∼ O(cm). (3)

Therefore, a fraction of χ̃±1 decaying chargino tracks could be reconstructed with the ATLAS
tracking sub-detectors. The χ̃0

1 escapes detection and the softly emitted π± is not reconstructed.
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(a) χ̃±1 mass
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(b) Mass splitting ∆mχ̃1

Figure 1: The χ̃±1 mass (a) and mass splitting (b) in the m3/2 −m0 space for tan β > 5 and µ > 0.

A track arising from a χ̃±1 with these characteristics is classified as a disappearing track which
has few associated hits in the outer part of the tracking volume. Fig. 2 shows τχ̃±1 as a function

of ∆mχ̃1 on the assumption that χ̃±1 decays into χ̃0
1 + π±.
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Figure 2: The τχ̃±1 as a function of ∆mχ̃1 .

1.2 Improvements with respect to the previous analysis

The search presented in this document is an update of the 7 TeV search described in Ref. [3],
more details are given in the supporting documentation [4]. Some essential improvements to
the analysis compared to that performed on the 7 TeV data have been made:

• Dataset: The full data of 8 TeV pp collisions is used in the analysis.
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Disappearing track
๏ Monojet-like final state:  Δφ(jet,MET)~π	

๏ Disappearing track: isolated, highest pT, few associated hits in the outer tracking 

volume(<5 TRT hits)	

‣ Dedicated tracking using Pixel-only seeds to enhance the short-track rec. efficiency.
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Finally look for an excess in the track-pT spectrum:	

‣ Backgrounds derived from each control data.	

‣ No significant excess observed.

 Selection 



Disappearing track
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Chargino mass < 270 GeV excluded.	

Directly constraining the wino dark matter mass.

 Results 

Theoretical calculation for 
wino-chargino/neutralino



Displaced Vertices 
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• In R-parity violating models the lightest neutralino could be 
long-lived. 

• Signature for this analysis is displaced vertex (DV) + muon 
in ATLAS inner detector (ID) 

 
 
• Dedicated reconstruction of tracks not pointing to the 

interaction (large impact parameter d0) and vertices inside 
the ID volume. 

 
Selection 
• Muon: pT(μ)>55 GeV, |η|<1.07, |d0|>1.5 mm 
• DV fiducial volume rDV<180 mm, |zDV|<300 mm 
• Veto vertices in detector material layers 
• Signal region: 

DVmass > 10 GeV 
number of tracks in DV > 4 
 

Displaced vertex
๏ Small RPV couplings result in a 

significant lifetime of neutralino	

‣ τ∝(RPV coupling)

-2
	


๏ Good displaced-vertex(DV) rec. 
efficiency for decaying neutralinos 
thanks to dedicated tracking.	

‣ Allows large impact parameters.	

!

๏ Selection:	

‣ Muon: pT(μ)>55 GeV, |η|<1.07, |d0|>1.5mm 	


‣ DV fiducial volume rDV<180mm, |zDV|<300mm 	


‣ Veto vertices in detector material layers 	


‣ DV mass > 10GeV	


‣ Number of tracks in DV > 4 
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Figure 3: The e�ciency as a function of rDV and zDV for vertices in the MH signal-MC sample. The blank
areas represent regions of dense material that are not considered when looking for DVs. It is evident that
some areas of this map su↵er from limited MC statistics, leading to large bin-to-bin fluctuations. This
is accounted for by recalculating this map many times, varying each bin content within its statistical
uncertainty.

Figure 4: The left plot shows the e�ciency for single vertex reconstruction as a function of c⌧ for the
three signal MC samples. The right plot shows the e�ciency for reconstructing at least one DV in the
event under the assumption that there are two signal neutralinos in the event. The dashed lines represent
the envelopes corresponding to statistical and systematic uncertainties on the e�ciency.

7

๏ Small background expected (~0.02 event), estimated in a data-driven way.	

‣ Hadronic interactions with gas molecules (outside beampipe) 	

‣ Random combinations of tracks 

Benchmark model	

- RPV neutralino decay via λ’	

- “DV+muon” final state	




Displaced vertex
๏ No candidate event observed.	

‣ A limit of <0.14 fb on the visible cross 

section	

!

๏ Interpretations in 3 models with different 
squark/neutralino masses:	

‣ for a range of lifetime	

‣ (assuming 100% branching fraction)
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MH ML HL
MC statistics (1–7)% (4–12)% (7–20)%

Muon e�ciency (6–8)% (5–7)% (5–7)%
Tracking e�ciency (2.5–4.5)% (3.5–4.5)% (4–5.5)%
Trigger e�ciency 1.8% 1.8% 1.8%

Pile- up (0.5–2)% (0.5–2)% (1.5–2.5)%

Table 4: Summary of relative systematic uncertainties on the e�ciency for values of c⌧ between 0.8 mm
and 1 m.

8 Results

Figure 7 shows the distribution of mDV vs. Nt for vertices in events passing trigger and event-selection
requirements, but no o✏ine muon requirements, and for vertices passing all requirements apart from
those on mDV and Nt. The corresponding signal distributions for the MH sample are also shown. The
signal region, corresponding to a minimum number of tracks in a vertex of five and a minimum vertex
mass of 10 GeV, which was defined before looking at the data, is marked. No vertices are observed in
the signal region.

Figure 7: The left plot shows vertex mass (mDV) vs. vertex track multiplicity (Nt) for reconstructed
DVs in non-material regions, in events that pass the trigger and primary vertex requirements. The right
plot shows the same distribution for DVs where all event, muon, and vertex selection requirements are
satisfied. Only four vertices in the data meet these criteria. Shaded bins show the distribution for the
signal MC MH sample (see Table 1), and data are shown as filled ellipses, with the area of the ellipse
proportional to the number of vertices in the corresponding bin.

Based on the observation of zero candidates in data, a 95% confidence-level (CL) upper limit of
0.14 fb is set on the visible cross-section, that is the production cross-section � for any new physics
process multiplied by the detector acceptance and the reconstruction e�ciency for that process.

Although an event is only required to contain one reconstructed DV (with associated muon) to be
considered “signal”, for models featuring pair-production such as the R-parity-violating SUSY scenario

14

Displaced Vertices 

14 

• No events are expected, and none are observed 
• 95% CL upper limit of 0.14 fb is set on 𝜎 ×

ε ×acceptance for any new physics process 
 
• 3 models with different combinations of 𝑚  and 𝑚  

 
 
 
 

 

• use efficiency maps to get limits for a wide range of 
cτ(χ ) 

• Limits assuming 100% branching ratio (BR) to 
muons  →  2  DV per event (shown here) 

• Limits assuming 50% BR  →  0,  1  or  2  DV  per  event  
(see backup slides) 

considered here, there could be one or two true candidates per event, depending on the branching ratio
(BR) for the whole decay chain from squark to neutralino to muon-plus-quarks. The e�ciency for an
event to pass all selection criteria (✏evt) is related to the BR and the e�ciency for a single vertex (✏DV)
(shown in Fig. 4) via:

✏evt = 2 ⇥ BR ⇥ ✏DV � BR2 ⇥ ✏2DV. (3)

Upper limits at 95% CL on the squark production cross-section �, corresponding to BR=100% and
BR=50%, are shown in Figure 8. These are obtained using the CL

s

method [31], using the profile
likelihood as a test statistic, and with the uncertainties on e�ciency, background, and luminosity treated
as nuisance parameters. The NLO+NLL predictions for the production cross-sections for 700 GeV and
1000 GeV squark pairs are shown as bands, which represent the variation in predicted cross-section
when using two di↵erent sets of PDFs (CTEQ6.6 and MSTW [32, 33]) and varying the factorisation and
renormalisation scales each up and down by a factor of two. Since essentially no background is expected
and no events are observed, the expected and observed limits are indistinguishable.

In addition, since the association between the reconstructed DV and muon is only made at the very
last stage of the selection, an upper limit can be obtained for the situation where both a muon and a DV
are reconstructed in the event, but not necessarily associated to one another. The corresponding 95%
upper limits are 0.8 fb for the “MH” sample, 2.9 fb for the “ML” sample, and 5.4 fb for “HL”. Note
that these cross-section limits are only applicable at the values of c⌧MC listed in Table 1, since the c⌧
dependence of the e�ciency for reconstructing a muon that did not come from the same true neutralino
decay as the DV is non-trivial.

Figure 8: Upper limits at 95% CL on � vs. the neutralino lifetime for di↵erent combinations of squark
and neutralino masses, based on the observation of zero events satisfying all criteria in a 20.3 fb�1

data sample, for the case where the branching ratio for the decay chain from squark to neutralino to
muon-plus-jets is 100% (left), or 50% (right). The shaded areas around these curves represent the ±1�
uncertainty bands on the expected limits. The horizontal lines show the cross-sections at NLO+NLL
for squark masses of 700 GeV and 1000 GeV, and the shaded regions around these lines represent the
uncertainties on the cross-sections obtained from the procedure described in the text.
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 Results 



Summary
๏ Various searches for long-lived particles have been 

performed in ATLAS.	

‣ Almost all possible signatures/final states being covered.	


!

๏ “Long-lived particle signatures” fill loopholes in 
generic BSM searches.	

‣ Also highly motivated following the current Higgs/SUSY results.	


!

๏ More updates to come (with 8TeV data), including 
more final states and BSM scenarios.
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