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 LLP searches: Motivation
● Longer particle lifetimes (not a rare occurrence) may arise in both SM & 

(naturally in) BSM from
○ Massive Mediators
○ Small Phase Space
○ Small coupling 

● We may miss out on “New Physics” if we exclude the LLP search 
regimes

● May answer many questions related to hierarchy and naturalness
● Calls for dedicated approach for triggering, reconstruction, background 

mitigation, etc, in the detector side.

LLPs in this parlance: Beyond-Standard-Model (BSM) particles that 
travel macroscopic distances, compared to the detector resolution

What are Long-Lived Particles (LLPs)?
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Lifetime 

ATLAS DETECTORLLP searches: Detector Caveats
● Standard Tracking: noise prone, 

Large Radius Tracking better suited 
● Basic reconstruction algorithms may 

not be efficient to detect BSM LLPs 
or backgrounds from non p-p 
collisions.

● Constrained by detector dimensions
● Imperfect background 

mitigation/estimation
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arXiv:1810.12602

LLP Lifetimes in Standard Model

Most LLP decay searches are sensitive to the white band region 
between 1𝝻m and 20m.

You may also refer to Fig1 in  arXiv:2212.03883

Direct

Charge, Mass , 
Lifetime, High 
Ionization, 
Disappearing tracks

Indirect

Displaced tracks, 
displaced vertices,
Displaced 
calorimeter deposits

Detection

   Signature Based Detection

arXiv:1810.12602  gives a good summary of direct and 
indirect collider based LLP search methods.

https://arxiv.org/abs/1810.12602
https://arxiv.org/abs/2212.03883
https://arxiv.org/abs/1810.12602
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ATLAS Long-lived particle summary plots for 
Hidden Sector and Dark Photon models

FRVZ model: a pair of dark fermions is produced in 
the Higgs boson decay; a dark fermion may decay 
into a dark photon and mix with an SM photon.

ATL-PHYS-PUB-2022-007

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-007/


Lifetime Limits: ATLAS LLP Searches 
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ATL-PHYS-PUB-2022-034

GMSB: Gauge 
Mediated 

Supersymmetry 
Breaking

AMSB: Anomaly 
Mediated 

Supersymmetry 
Breaking

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-034
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Lifetime Limits: CMS LLP Searches 

CMS SUMMARY PLOTS EXO-13TeV

https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#Overall_summary_plot_AN1
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Displaced vertices 
with jets3    arXiv:2301.13866

   (Submitted: JHEP)

Displaced 
di-Photon Vertex2      arXiv:2304.12885

(Submitted: PRD)

Micro Displaced 
Muons1  ATLAS-CONF-2023-018

RECENT LLP SEARCHES

 LLPs using out 
of time trackless 
jets

3          arXiv:2212.06695
          (Accepted: JHEP)

Inelastic Dark 
Matter2  CMS-PAS-EXO-20-010

 LL-HNL decays1  CMS-PAS-EXO-21-013

Publication references also provided in the following slides

https://arxiv.org/abs/2301.13866
https://arxiv.org/abs/2304.12885
https://cds.cern.ch/record/2855336
https://arxiv.org/abs/2212.06695
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-20-010/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-013/index.html
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Micro-Displaced Muons   ATLAS-CONF-2023-018

Background: semi-leptonic B-hadron 
decays; also W+jets, Z+jets, tt-bar, etc 

GMSB

Bridging the gap between prompt 
and displaced slepton searches. 
Covers lifetime of O(1-10)ps

Signature: a pair of muons with 
transverse impact parameters (d0) in 
mm range; smuons are LLPs

m=invariant mass of 𝛍+𝛍- pair in the 
selection region plot (top right)

Smuon lifetimes down to 1 ps are excluded for a smuon mass of 100 GeV, 
and smuon masses up to 520 GeV are excluded for a proper lifetime of 10 
ps, at 95% confidence level

Model-independent limits are set on the contribution from new phenomena to the signal-region yields.

Reinterpretation work

PREVIOUS

THIS WORK

https://cds.cern.ch/record/2855336
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Signal: Displaced production of Higgs bosons or 
Z0 bosons; delayed di-EM vertex, x = SM fermions
Background: data driven estimation

SV Reconstruction using Calo 
information; no distinction 
between e or 𝛄; non gaussian timing 
distribution tails.

GMSB

Photons from same decay, but non 
pointing due to opening angle 
between H/Z and Gravitino.

SR: 2 photons + MET; optimized kinematic 
selection to enhance the Sig/Bkg ratio; 2 VRs 
with intermediate MET values. CR with low 
MET values

Set limits as a function of  𝛘0 mass and lifetime 
for different BRs; no excess observed.

 Shown: Expectations for each mass 
hypothesis, assuming almost degenerate χ̃1

0, 
χ̃1

±, and χ̃2
0Model Independent Limits Set on delayed pair 

production

Displaced Di-EM Vertices:  H           𝛄𝛄 [OR] Z0           e+e-    arXiv:2304.12885

⍴: PV-SV distance 

https://arxiv.org/abs/2304.12885
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Displaced Vertices with Multi-Jets  arXiv:2301.13866 

Signal: Heavy LLPs decaying into Hadrons 
(DV+jets); High pT jets used

Makes use of displaced vertices 
and high track multiplicity

Backgrounds as mentioned in the plots 
below. 

Limits derived at 95%CL: RPV SUSY 
models & Model Independent XSec

Better track reconstruction with 
Large Radius Tracking; Ran on 
10% of pre-selected data.

 The pair-production of electroweakinos with masses 
below 1.5 TeV is excluded for mean proper lifetimes 
in the range from 0.03 ns to 1 ns.

https://arxiv.org/abs/2301.13866
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LL-Heavy Neutral Lepton  (LL-HNL) CMS-PAS-EXO-21-013

Considers coupling scenarios with HNL for 
different SM lepton generations

Contributions from background processes are 
determined from data in sideband regions.

Limits on the HNL production cross section 
derived as a function of the HNL mass and lepton 
generation coupling strengths.Signal: Looks for 2 lepton+jets final state with 

Neural Network algos discerning HNL decays

|VμN|2 > 5(4)E-7 for Dirac (Majorana) HNLs 
with a mass of 10 GeV at 95% CL

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-013/index.html
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Inelastic dark matter: events with two 
displaced muons CMS-PAS-EXO-20-010

Signature: Inelastically-coupled dark matter 
with a soft, displaced muon pair + Missing ET

First search for inelastic dark 
matter at a hadron collider

Small 𝚫=m𝛘2- m𝛘1 ISR Jets

Selection: Events with large pmiss
T  with energetic jet(s) + pair of displaced muons.  

leading jet in the event is required to have pT > 80 GeV and |η| < 2.5 + max 1 jet 
with pT > 30 GeV and |η| < 5.0 (allowed per event)

Uses displaced Stand Alone (dSA) muon reconstruction

Upper bounds set on: product of dark matter production 
cross section & decay branching fraction into muons as a 
function of dark matter mass.

Background: QCD events with real or 
misidentified displaced muons ; and 
W+jets (Z+jets) events with one (two) 
misidentified displaced muons

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-20-010/index.html
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LLPs decays with Out-Of-Time (OOT) & Trackless Jets arXiv:2212.06695

DNN tagger fed with trackless + OOT jet 
info; identifies LLP decays

Signal: LLPs decaying in the outer regions of 
the CMS silicon tracker or in the calorimeters

GMSB

Interpreted in a simplified model of chargino-neutralino 
production; 𝛘0  is the SUSY LL-NLSP , and decays to a 
G͂ and H/ Z boson

Simulating LLP jets: e from W → eνe used with 
pmiss

T>70GeV

Most sensitive to neutralino proper decay 
lengths of approximately 0.5 m, for which 
masses up to 1.18 TeV are excluded at 95% 
confidence level.

Current search is the 
best result to date in 
the mass range from 
the kinematic limit 
imposed by the Higgs 
mass, up to 1.8 TeV

TD: Trackless Displaced

https://arxiv.org/abs/2212.06695


In Conclusion

● Multiple LLP search scenarios
○ Both ATLAS & CMS have set exclusion limits in multiple Run 2 analysis
○ Gives us a clear idea of regions to explore

● RUN-3 data incoming as we speak
○ More search regions would be covered

● Novel triggers, taggers, background estimation techniques & ML based algorithms are being 
developed

○ Will increase acceptance in challenging regimes
● Need to focus on better detector design specs, minimize beam spread
● Large Radius Tracking in ATLAS is globally active in Run 3

○ Gives the ability to reconstruct displaced tracks
○ Increases numbers of signatures in non-prompt cases

● SUSY gives us some easily explorable LLP search scenarios in the current detector energy scales
● Many other results, both from ATLAS & CMS  in the works (not included here)

14 Interesting plots next page



Thank You!
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More on expected 
performance with LRT : 
ATL-COM-DAQ-2022-023

Large IP Tracks Reco 
Performance: 
arXiv:2304.12867

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HLTTrackingPublicResults#ATL_COM_DAQ_2022_023_Expected_Hi
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HLTTrackingPublicResults#ATL_COM_DAQ_2022_023_Expected_Hi
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HLTTrackingPublicResults#ATL_COM_DAQ_2022_023_Expected_Hi
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/IDTR-2021-03/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/IDTR-2021-03/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/IDTR-2021-03/


BACKUP

16Layout of the ATLAS Detector
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LL-Multi Charged Particles (MCP)   arXiv:2303.13613

MCP  from Drell Yan 

 The least stringent limit, 1060 GeV, is obtained for  |q|=2e  particles, and the most 
stringent one, 1600 GeV, is for |q|=6e particles

Signal: Particles producing anomalously 
high ionization, consistent with long-lived 
spin-1/2 massive particles with electric 
charges from  |q|=2e to |q|=7e

95% confidence level cross-section upper limits 
are calculated and interpreted as the lower mass 
limits for a Drell-Yan plus photon-fusion 
production mode

MCP from Photon Fusion

https://arxiv.org/abs/2303.13613
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Cross Section  view of 
The ATLAS Inner 

Detector
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Cross Section of The 
CMS detector 


