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[Lee, Ohm, Soffer, Yu]

SM long lived particles

https://arxiv.org/abs/1810.12602
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SM long lived particles

  π+ → μ+ + νμ

Helicity suppressed ➜ pion 
decays more to a μ than e ➜ 
smaller phase space 
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If the lifetime is large the decay 
width is small

Off-shell, virtual W ➜ large mW
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Split SUSY 

 

SM→SUSY long lived particles

mass difference
decays via particles with a large mass

limited phase space 

loop suppression

small couplings 

MANY well motivated SUSY models exist:

R Parity Violating (RPV) SUSY

Gauge mediated SUSY breaking

Stealth SUSY  

anomaly-mediated SUSY breaking

R-parity-conserving SUSY

conservation rules



Use innovative trigger strategies and custom reconstruction ➔ disappearing tracks, 
displaced vertexing & Large Radius Tracking (LRT) etc

6

What makes these searches different?

[ATL-PHYS-PUB-2017-014]

Triggering and reconstructing particles with a lifetime!

ATLAS was designed to detect particles and their decays that 
originate from the interaction point 

Very few dedicated triggers for Long Lived Particles 

standard tracks

LRT tracks

https://cds.cern.ch/record/2275635/files/ATL-PHYS-PUB-2017-014.pdf


X

Displaced leptons



Displaced leptons

8

[SUSY-2018-14]

LLPs 

Generic search but has unique sensitivity to 
GMSB model - Pair produced sleptons of 
opposite charge that each decay to a lepton 
and gravitino

Signal regions: 
ee,  µμ,  μe 

Lifetime → SUSY breaking scale F

Agnostic to secondary 
vertices, MET and jets

Full Run-2 Analysis! 136 fb-1

Triggers → use no tracking  information  

Photon triggers → e's are identified using 
only the EM calo 

Muon trigger  with the Muon Spectrometer 
(MS) only 

cτ ≈ 100μm (
F

100 TeV )
4

× ( 100 GeV
mτ̃ )
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-14/
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Displaced leptons [SUSY-2018-14]
Electrons Muons

 GeV 
 mm 

pT > 65
|d0 | > 3
|η | < 2.5

High  cut to reduce 
SM backgrounds

pT /d0

tight isolation 

∑ tracks < 6 % of pe
T

∑ calo energy < 6 % of pe
T

∑ tracks < 4 % of pμ
T

∑ calo energy < 15 % of pμ
T

Isolation to reduce 
heavy flavour 
backgrounds

Inner det. track  χ2 < 2
 missing hit after 1st hit≤ 1

track half of 
combined  

pT ≥
e pT

combined track  χ2 < 3

Requirements on hits in the MS

start of MDT signal < 30 ns from 
collision time

Remove lepton-pairs 
produced in detector 

material
ΔR(ℓℓ) > 0.2

Quality requirement 
to reduce algorithmic 
fake leptons and 
mis-measured 
cosmics

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-14/
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Dominant remaining background 
for ee and eμ is fake leptons

Large-radius tracks prone to 
combinatorial fake tracks 

Fake track can be mis-assigned 
to photon in calo 

A B

C D

Displaced leptons [SUSY-2018-14]

Veto events with a tagged cosmic μ (a 
muon back-to-back with MS activity)

Use tag variable and muon quality to 
perform ABCD-like background estimate 

Estimate using ABCD method 
with lepton quality
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-14/
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Standard tracking  
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1 standard tracking, standard ID alg.

standard tracking, modified ID alg.

extended tracking, standard ID alg.

extended tracking, modified ID alg.

Standard tracking & adjust 
reconstruction algorithms  ➜ 
remove requirements of number of 
pixel hits and remove d0 cuts 

Displaced leptons [SUSY-2018-14]

+ LRT tracking

+ LRT tracking & adjusted 
reconstruction algorithms
Major improvements on 
efficiency

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-14/
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Displaced leptons [SUSY-2018-14]
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Expected limits

Observed limits

L,Rco-NLSP

L,Re~

L,R
µ∼

1,2τ∼

ATLAS
-1=13 TeV, 139 fbs

All limits at 95% CL

]τ, µ [e, ∈, l G~ l G~ l → l~ l~

Drastically improving on the previous best 
limits from LEP of up to ~65-90 GeV 

Results! Model-dependent limits

NLSP
co-NLSPẽ μ̃ τ̃

For lifetime of 0.1 ns excluded up to:

720 GeV 680 GeV 340 GeV 820 GeV

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-14/


X

Stopped particles 



Stopped Particles
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[SUSY-2018-15]

LLPs 
Generic search but uses a mini-split-
SUSY inspired simplified model with long-
lived gluinos that decay to R-hadrons as a 
benchmark model  

Lifetime → very high mass squarks 
→ large gluino lifetime 

Use cosmic reconstruction to search for 
hadronic jets

  interacts with SM quarks to form  
R-hadrons that loses kinetic energy via 
nuclear scattering and EM interactions 
and then stop within the detector.
   

g̃ Signal regions:  
jet pT > 150 GeV 
jet pT > 300 GeV 
jet pT > 500 GeV 
inclusive or |η| < 0.8  

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-15/
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m(g̃) = 1400 GeV
Δm = 500 GeV

Simulated signal event

Stopped Particles [SUSY-2018-15]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-15/


Stopped Particles
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[SUSY-2018-15]

Triggers → in empty bunch 
crossings to reduce collision 
backgrounds

Live fraction = proportion of time 
during a run where the empty bunch 
crossing triggers were active

Signal ∝ live time * integrated luminosity

Non collision background ∝ live time

2015 & 2016 lower luminosity and 
higher live time → low sensitivity 
 
∴ only analyse 2017 & 2018 datasets

Filled First empty First emptyEmpty

Signal produced 
in collisions

Signal decay 
Trigger here

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-15/
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Stopped Particles [SUSY-2018-15]

Cosmic backgrounds

ϕwidth =
∑ |Δϕ(jet,constituent)pT(constituent) |

pT(constituent)

Jet from signal, typically hadronic ➜ any  ϕwidth

Jet from BIB (typically EM) ➜ momentum 
along beam line ➜ small  ϕwidth

For pairs of MS segments on 
opposite sides of the detector ➜ 
measure distance of the jet to 
curve of cosmics path though the 
calo 

Cut on distance to reject cosmic 
backgrounds 

Extract jet  templates from 
cosmic-enriched regions & 
transfer factors from dedicated 
comic datasets ➜ extrapolate to 
the signal regions

pT

Beam induced backgrounds (BIB)

Jets in SRs ➜ 0.02 ϕwidth

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-15/
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Stopped Particles [SUSY-2018-15]

Exclude gluino masses up to 1.4 TeV in 
the live time plateau (between 1000 ns 
and 1000 s)

Data consistent with background 
expectation in the signal regions

Signal channel S95
obs S95

exp

Jet pT > 150 GeV 71 75+27
�23

Jet pT > 300 GeV 19.2 19.4+6.2
�5.2

Jet pT > 500 GeV 13.1 12.3+2.3
�4.6

Signal channel S95
obs S95

exp

Jet pT > 150 GeV 206 150+47
�56

Jet pT > 300 GeV 45.9 29.2+12.6
�8.6

Jet pT > 500 GeV 22.4 14.6+6.6
�1.2

Results!

Model-dependent limits

|η| < 0.8 Inclusive
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-15/


Disappearing track 

X
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Signal

Disappearing track [ATLAS-CONF-2021-015]

ElectroweakStrong
Anomaly-mediated  
supersymmetry breaking 
(AMSB) predicts a pure wino as 
the LSP.  Many SUSY models 
predict a Higgsino as the LSP 

Lifetime → small mass 
splitting between   and  , 

 is long lived 
χ̃±

1 χ̃0
1

χ̃±
1

LLPs 

 jet 
 GeV 

≥ 1
Emiss

T > 200
 jets 

 GeV 
≥ 3

Emiss
T > 250

Lepton veto

Trigger  → missing ET due 
to the neutral pair of χ̃0

1

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-015/
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The pion is too soft to 
reconstruct, as it decays 
before the SCT and the 
chargino track disappears 
➜ a “tracklet”

≥ 1 “disappearing” tracklet  
4 pixel layer hits 
No hits in strips 
Good χ2 quality 
Isolated from other tracks 
Isolated from calorimeter energy

Disappearing track [ATLAS-CONF-2021-015]

[ATLAS-PHOTO-2021-018]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-015/
https://cds.cern.ch/record/2759790
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Disappearing track [ATLAS-CONF-2021-015]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-015/
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Disappearing track [ATLAS-CONF-2021-015]

Fake tracklets
Most fake tracklets don't point to PV ➜ high-d0 
tracklets are a fake-enriched control region (CR) 

Estimate using pT template from this CR ➜ fit to 
tracklet pT in the signal region 

electron/hadron backgrounds

 Veto calorimeter activity: 
  GeV  within  ET < 5 ΔR = 0.2

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-015/
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Disappearing track [ATLAS-CONF-2021-015]

Pure wino, chargino masses 
are excluded up to 660 GeV

Pure higgsinos, chargino masses 
are excluded up to 210 GeV

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-015/
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Summary
Still no SUSY          … BUT:

Many well motivated long lived SUSY models. 

Lot’s of NEW, innovative techniques have been 
developed for triggering, reconstruction and 
data driven estimates. 

Many full Run 2 analyses yet to be released and 
many plans for Run 3! 

For all ATLAS public searches keep watch here. 

https://twiki.cern.ch/twiki/bin/view/AtlasPublic
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