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• Hard to get a complete summary of all existing results. Separating them according to signatures:


• Neutral LLPs with…


• Hadronic decays. Example benchmarks: Exotic decays of the Higgs or heavier bosons 


• Existing searches based on displaced vertices in inner tracker or muon system, displaced or delayed jets 
in the calorimeters, “lepton-jets” leading to jets in the calorimeters, stopped particles, etc. 
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• Hard to get a complete summary of all existing results. Showing a few examples based on signatures:


• Neutral LLPs with…


• Hadronic decays. Example benchmarks: Exotic decays of the Higgs or heavier bosons 


• Existing searches based on displaced vertices in inner tracker or muon system, displaced or delayed jets 
in the calorimeters, “lepton-jets” leading to jets in the calorimeters, stopped particles, etc. 


• Higgs-like bosons decaying to LL scalars

• Good coverage at ctau ~ 1m


• Range prompt - 10-1 m could be 
improved


• Range ctau > 10 m could be covered 
by dedicated experiments at the LHC
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Figure 4: Observed 95% CL upper limits on �h/�
SM
h Br(h ! ss) in the SM+s scenario where

s is a new long-lived scalar decaying hadronically. The analyses are summarized in Table 2 and
interpreted according to the procedure described in the text. The branching fractions of the
new scalar boson to SM particles follow the prescriptions in [50], as described in Section 3.1.
The current best limit on invisible Higgs boson decays (see Table 3) is shown for comparison
(gray marker on the right). The bounds from the reinterpretation of a prompt search for
h ! ss ! 4b is also shown at small lifetimes.

mm scale. This analysis is mainly sensitive to the bbbb final state, since b-tagging algorithms
are used to select events.

4.2.2 SM+v

Recent results targeting searches for exotic Higgs decays to LLPs decaying to leptons are
summarized in Figure 5. These searches are interpreted in the context of the SM+v scenario,
described in Section 3.3, focusing on leptonic decays of a long-lived ZD, h ! ZDZD. The
limits from prompt searches, described in Section 4.1, and limits from invisible decays, shown
in Table 3, are also shown for comparison. A reinterpretation of these searches in terms of
signals with small lifetimes is currently not available, but would be interesting to show the
range of lifetimes covered by prompt searches and close the gap with dedicated LLP searches.

Dedicated triggering techniques targeting displaced muons have been instrumental to
search for LLP decays in the 2µ+X and 4µ final states. A recent search by CMS [104] using

– 25 –

M. Cepeda, S. Gori, V. Martínez-Outchoorn, J. Shelton. 2111.12751
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• Hard to get a complete summary of all existing results. Showing a few examples based on signatures:


• Neutral LLPs with…


• Hadronic decays. Example benchmarks: Exotic decays of the Higgs or heavier bosons 


• Existing searches based on displaced vertices in inner tracker or muon system, displaced or delayed jets 
in the calorimeters, “lepton-jets” leading to jets in the calorimeters, stopped particles, etc. 


• Heavier bosons decaying to LL scalars
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• Good coverage at ctau ~ 1m


• Lower ctaus not as deeply investigated 
so far in ID DV searches


• Range ctau > 10 m could be covered 
by dedicated experiments at the LHC
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• Hard to get a complete summary of all existing results. Showing a few examples based on signatures:


• Neutral LLPs with…


• Hadronic decays. Example benchmarks: Exotic decays of the Higgs or heavier bosons 


• Existing searches based on displaced vertices in inner tracker or muon system, displaced or delayed jets 
in the calorimeters, “lepton-jets” leading to jets in the calorimeters, stopped particles, etc. 


• Most searches limited by the triggers. E.g.


• ATLAS Trackless low-EMF jets trigger (CalRatio) has low efficiency for low pT LLPs and decays in the 
ECal


• ATLAS Muon vertex trigger requires multiple RoIs in a cone


• CSC trigger in CMS limited to the endcaps


• New ATLAS triggers in Run 3 including Large-Radius Tracking at HLT will greatly improve sensitivity to 
ID DV searches


• New CMS triggers in Run 3 covering several signatures: delayed jet trigger using ECal timing, 
improved tracking for low-mass displaced jet triggers
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• Hard to get a complete summary of all existing results. Showing a few examples based on signatures:


• Neutral LLPs with…


• Hadronic decays. Example benchmarks: Exotic decays of the Higgs or heavier bosons 


• Existing searches based on displaced vertices in inner tracker or muon system, displaced or delayed jets 
in the calorimeters, “lepton-jets” leading to jets in the calorimeters, stopped particles, etc. 


• Most searches limited by the triggers. 


• Object identification needs dedicated algorithms. Limitations and complementarity among experiments: 


• ATLAS no good identification in the ECal. CMS has dedicated search using ECal timing!


• Efficiency decreases for low pT or low DV mass


• Backgrounds can be big (QCD) or unconventional (beam-induced, cosmics) 


• Most analysis involve 2 LLPs to reduce backgrounds. 


• Sensitivity to non pair-produced LLPs can be improved 
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• Hard to get a complete summary of all existing results. Showing a few examples based on signatures:


• Neutral LLPs with…


• Leptonic decays (e, mu, tau). Benchmarks: several SUSY scenarios, dark bosons, HNLs, …


• Existing searches based on displaced vertices in inner tracker looking for displaced leptons (vertex and 
non-vertex), “lepton-jets” leading to collimated pairs of muons with no ID tracks


• Higgs-like bosons decaying to light dark bosons
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• Several models explored, different 
final states


• Good coverage at mass ~ (1, 50) GeV 
depending on the model


• Prompt - displaced - stable 
searches are complementary and 
cover most of the phase space


• Lower masses could be improved for 
intermediate lifetimes
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• Hard to get a complete summary of all existing results. Showing a few examples based on signatures:


• Neutral LLPs with…


• Leptonic decays (e, mu, tau). Benchmarks: several SUSY scenarios, dark photons


• Existing searches based on displaced vertices in inner tracker looking for displaced leptons (vertex and 
non-vertex), “lepton-jets” leading to collimated pairs of muons with no ID tracks


• Heavy neutral leptons

• Good coverage at m < 16 GeV where HNL is long-lived


• Prompt - displaced searches are complementary


• Displaced search more sensitive


• Similar reach in ATLAS and CMS
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• Hard to get a complete summary of all existing results. Showing a few examples based on signatures:


• Neutral LLPs with…


• Leptonic decays (e, mu, tau). Benchmarks: several SUSY scenarios, dark photons


• Existing searches based on displaced vertices in inner tracker looking for displaced leptons (vertex and 
non-vertex), “lepton-jets” leading to collimated pairs of muons with no ID tracks


• Triggers can also be limiting:


• ATLAS Mu-scan trigger looking for collimated pairs of muons, no good sensitivity for intermediate 
phase space between very collimated and resolved scenarios


• Object identification needs dedicated algorithms: LRT, tracking for DV, DV mass, pT, eta, timing, ML 
techniques


• Limitations: more and more complicated in high pileup environment


• Most backgrounds are instrumental (random track crossings, interaction with material, etc.) or cosmics 
(for lepton jets)
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• Hard to get a complete summary of all existing results. Showing a few examples based on signatures:


• Charged LLPs with…


• Existing searches based on disappearing tracks, unconventionally high or low dE/dx in the Inner trackers 
and/or Muon system


• Triggers can also be limiting: dedicated triggers for many of them


• Object identification requires very good understanding of the detector’s response as a function of charge 
and mass
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Journal of Physics G: Nuclear and Particle Physics

MAJOR REPORT • OPEN ACCESS

Searching for long-lived particles beyond the

Standard Model at the Large Hadron Collider

To cite this article: Juliette Alimena et al 2020 J. Phys. G: Nucl. Part. Phys. 47 090501

 

View the article online for updates and enhancements.

Recent citations
Collider probes of real triplet scalar dark
matter
Cheng-Wei Chiang et al

-

Displaced vertex signatures of a pseudo-
Goldstone sterile neutrino
Stéphane Lavignac and Anibal D. Medina

-

Searching for exotic B -meson decays
enabled by the CMS L1 track trigger
Jared A. Evans et al

-

This content was downloaded from IP address 188.185.86.226 on 09/03/2021 at 15:54

• Still several gaps in coverage. See Chapter 3 of the LLP White paper


• Many have been or are being covered with Run 3 data but others 
still to be studied

https://iopscience.iop.org/article/10.1088/1361-6471/ab4574
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• Dedicated experiments for LLPs at the LHC will cover some of them. 


• A few already approved and taking data


• Others in good path towards HL-LHC
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Where could we gain with future colliders?
• Points for improvement:


• In leptonic colliders, “smaller” backgrounds (pileup, BIB)


• Loosened triggers


• Better sensitivity


• Longer lifetimes:


• Higher energies mean higher masses, so slower particles. Better chances for decays within detectors


• Bigger detectors mean decay positions further away


• At the (HL-)LHC there are lots of work on new signatures to reach so-far uncovered or barely covered models


• Single LLP + prompt activity (e.g. ALP + X)


• Emerging / semi-visible jets


• Need to investigate where the limitations are and where future accelerators will help
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