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Introduction

• Q: How can we look for LLPs that do not 
leave a reconstructable vertex?

• A: Is the LLP charged? What can it couple 
to?  How long is its lifetime?

• Rich field of signatures depending on the 
answer to the above… answer

• Just as displaced vertex LLP searches 
require careful analysis of data, non-vertex 
searches are challenging and varied

• Focus on one search each for ATLAS & CMS
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LLPs with 
vertexing

C. Vazquez

Disappearing 
tracks, Stopped 

Particles
E. Kuwertz

Anomalous 
Ionizing 

Particles, etc
C. Wulz

https://indico.cern.ch/event/905399/timetable/?view=standard#284-large-radius-tracking-and
https://indico.cern.ch/event/905399/timetable/?view=standard#368-searches-for-disappearing
https://indico.cern.ch/event/905399/timetable/?view=standard#369-searches-for-anomalous-ion


• Previous ATLAS and CMS LLP searches for 
lepton pairs mostly focused on leptons 
with a shared vertex

• Consider decay of charged LLP to lepton
and neutral daughter, ex: GMSB SUSY 
slepton decay

• Could reconstruct a kinked track, but no 
need – focus on leptons, ignore slepton
tracks

• No ISR/MET requirement needed

Displaced Leptons

Reconstruct

Reconstruct

Back to back 
gravitinos = 
low MET

Not a kinked track 
search, this track 
does not matter

Displaced Leptons
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https://arxiv.org/abs/2011.07812


• Do not need slepton track, but do rely on displaced decay to suppress leptons from PV

• Need large radius tracking to reconstruct high-𝒅𝟎 tracks
• Standard tracking runs first

• Leftover hits used for large radius tracking allowing for 𝑑0 up to 300 mm

• Further modify lepton reconstruction to remove requirements on 𝑑0 and the number of Pixel hits
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https://cds.cern.ch/record/2275635/files/ATL-PHYS-PUB-2017-014.pdf


• Trigger on MS-only muon or loose 
“photon”

• Reduce backgrounds from interaction with 
materials by requiring ∆𝑹 > 𝟎. 𝟐

• Remove single muon cosmic ray muons by 
tagging as cosmic muons with a inline 
segment on the opposite side of ATLAS

• Background “dominated” by:
• combinatorial fakes for µe and ee: estimated 

with ABCD method using the two leptons’ 
quality

• cosmic rays for µµ: estimated with ABCD 
using tag and quality info

• Background <1 event, observation 0 events

Displaced Leptons
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• Previous limits on slepton mass of ~90 GeV from LEP for ෤𝜇 and ǁ𝑒, and from 
OPAL for ǁ𝜏

• Limits on ǁ𝜏 limited due to branching fraction of 𝜏 to leptons
• Lack of constraints on MET, jets, and vertices invites reinterpretation

under other models
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• CMS MS is wonderfully dense
• Excellent coverage with sensitive muon 

chambers to detect activity

• Large amount of steel with full coverage to 
absorb background

LLPs in the Endcap MS

ℎ0 → 𝑆𝑆 → 𝑏ത𝑏 ℎ0 → 𝑆𝑆 → 𝜏 ҧ𝜏 ℎ0 → 𝑆𝑆 → 𝑑 ҧ𝑑
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• Seek isolated cluster of hits in the CMS MS 
endcap

• Trigger on MET from decay + ISR jet

• Offline require 𝑝𝑇
𝑚𝑖𝑠𝑠 > 200 GeV and at 

least one jet with 𝑝𝑇 > 50 GeV

• Suppress background from W and top 
production by vetoing on hard electrons 
and muons

LLPs in the Endcap MS • Punch through jets
• Hard bremsstrahlung 

from muons

• SM particles, ex 𝐾L
0

• Hopefully signal

Background after 
all cuts primarily 

SM particles from 
pileup –

independent of 

𝑝𝑇
𝑚𝑖𝑠𝑠

LLPs in CMS EMS
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-20-015/index.html


• Background suppressed by vetoing on clusters with any hits on innermost φ-rings 
of stations with least amount of shielding

• Reject clusters with 𝜼 > 𝟐. 𝟒 to suppress muon bremsstrahlung background

• Have a dedicated cluster identification algorithm with a factor of 3 suppression 
of remaining background
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LLPs in the Endcap MS

• Final background determined with 
ABCD method using 𝑵𝒉𝒊𝒕𝒔 and 
𝜟𝝓 𝒑𝑻

𝒎𝒊𝒔𝒔, 𝒄𝒍𝒖𝒔𝒕𝒆𝒓
• Predicted background: 2.0 ± 1.0

• Observed events: 3

• Resulting limits best yet at 𝒄𝝉 > 𝟏𝟎𝟎𝐦
for low 𝑚𝑆

• Factor of 6 improvement for 𝑚𝑆 = 7 GeV

• Factor of 2 improvement for heavier masses
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Summary

• Diverse array of signatures from LLPs that do not involve a 
reconstructed vertex

• Challenges much the same as with vertex searches – triggering, 
dedicated reconstruction, etc

• ATLAS & CMS have many ongoing searches in addition to recent 
results – remain competitive

Look forward to continued LLP papers and 
advances as we approach Run-III and beyond!
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Summary Plots
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Non-vertex based LLP search



Summary Plots
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Low EMF jet from neutral LLP 
decay does not use vertexing

Non-vertex based LLP search
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Calratio + MS
• Calratio/CR jet : Jet from a neutral 

LLP decaying in the hadronic 
calorimeter

• Has a dedicated trigger

• MLP used to identify jets from 
displaced 

• BDTs (2) used to separate signal from 
background

• MS vertex : Reconstructed vertex 
from a neutral LLP decaying in the 
MS

• Has a dedicated trigger

• Dedicated vertexing algorithm 
performs tracking and vertex finding in 
the MS

• Search for two MS vertices, or one 
vertex and an associated object

https://arxiv.org/abs/1902.03094
https://arxiv.org/abs/1811.07370


16

Delayed Photons

• Consider photon resulting from a 
neutral LLP decay

• Shower axis will not align with IP-
originating photon

• Photon timing will be < c

• Use a dedicated photon trigger 
targeting skewed shower shape

• Remove prompt timing 
requirement for reconstruction and 
use the spatial distribution of 
energy to ID candidates

• Saw order of magnitude 
improvements in limit on 
neutralino lifetime

https://arxiv.org/abs/1909.06166

