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Introduction
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• Triggering at CMS
– Level-1 (L1): Hardware trigger -- Fast reconstruction of objects 

in calorimeters and muon chambers, target rate of 100kHz
– High-Level Trigger (HLT): Computer farm -- Specialized 

reconstruction sequences that include full detector information, 
target physics rate of 1kHz

• Common challenges to triggering for LLPs
– No tracking at L1
– Tracking at HLT targeted towards prompt objects
– Delayed signals require special input for collecting signals 

outside of bunch crossings

• Next slides to breakdown strategies for current analyses, 
historical context, and future ideas
– Broadly grouped by final state similarities



Displaced Jets/Dijets
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• Signature: pair-produced long-lived 
neutral particle decaying to jet pairs

• Trigger: Dedicated displaced jet triggers
– First trigger:

• Jet HT, thresholds bumped up from Run1 (300 -> 
500)

• At least two jets, pT > 40, |η| < 2.0
• No more than 2 prompt tracks associated to a jet

– Second trigger:
• Lower HT threshold (350), now include at least 

one track associated with 𝐼𝑃#$ ≥ 	5 ∗ 𝜎 *+,-

• Challenges: pile-up will drive HT requirements ever higher, but would like to 
stay as low in HT and pT as possible

• Possible improvements: use displaced seeds for online tracking to tighten 
association of jets to tracks so pT thresholds could be made lower

Ref: CMS-PAS-EXO-16-003



Displaced Vertices with Jets
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• Trigger strategy: given short vertex displacements and 
lots of jet activity, use standard multijet triggers 
– Run1: at least 4 jets, pT > 50 GeV; low pT thresholds 

achieved by data parking
– Run 2: Pure HT trigger (800 GeV)

• Improvements: could take advantage of displaced jet 
triggers previously described

Ref: 1610.05133 Sub: Phys. Rev. D 95, 012009

• Signature: 
– Displaced vertices, proper lifetimes 

down to 100𝜇𝑚
– Vertices decay to jets with wide 

opening angles



Emerging Jets
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• Challenges: signal appears generically like a multijet QCD 
events, and cannot benefit from b-tagging
– In long lifetime models, loss of tracking efficiency also difficult

• Trigger: Currently using a pure HT trigger (800 GeV)
– Ideally, develop an emerging jets ID, with displaced tracks 

• Signature: Self-interacting QCD-like dark 
sector 
– dark mesons shower into SM mesons with 

a lifetime order of centimeters
– SM jet emerges out of dark jet with many 

displaced vertices inside



Trackless Jets
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• Signature: Back-to-back pair of 
SIMPs from decay of light 
mediator, where neutral SIMPs 
leave no tracks but leave large 
deposits in HCal

• Trigger Strategy: Central dijet triggers,
trading ET cuts for cuts on maximum charged 
hadron fraction

• Main challenge: online vs. offline tracking 
very different, leads to slow turn-on in 
charged hadron fraction 



Disappearing Tracks
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• Signature: Charged BSM particle that 
decays to soft product + weakly interacting 
particles (e.g. 𝜒3± → 	𝜒36 + 𝜋±)
– When pair produced, 𝐸;<=>> nearly cancels

• Challenges: No tracking at Level-1, so 
trigger on 𝐸;<=>> from ISR jet recoiling off of 
𝜒3
± 𝜒3∓

• Trigger Strategy
– 2012: generic pure 𝐸;<=>>, and Jet + 𝐸;<=>> triggers
– Run2: dedicated 𝐸;<=>> cross trigger with an isolated track at HLT, however 

track requirements limit signal efficiency
– Extra pixel layers for 2017 to benefit track requirements (loosening 

isolation) + extended reach for shorter lifetime

• Towards the future: L1 tracking in Phase-II will grant a much wider 
range for triggering: no longer have to rely on ISR to trigger on 𝐸;<=>>

Ref: 1411.6006 Sub: JHEP, 01(2015)096 



Heavy Stable Charged Particles
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• Triggers
– Single high pT (50 GeV) muon triggers: moving from 50ns to 25ns bunch 

spacing, lost some ability to integrate over longer time for very slow HSCPs
– Pure 𝑬𝑻𝒎𝒊𝒔𝒔 based triggers to recover HSCPs that become neutral upon 

interacting with calorimeters 

• Possible improvements: Include dE/dx or timing information to capture 
slow HSCPs across more than one BX

• Signature: Slow, heavily ionizing 
particles divided into two categories 
– Lepton-like: pair produced staus, 

which can traverse the full detector
– Hadron-like: R-hadrons, some of 

which may become neutral upon 
nuclear interactions in calorimeters

Ref: CMS-PAS-EXO-16-036



Stopped Particles
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• Signature: R-hadrons coming to rest inside of 
the detector (nominally the calorimeters)

• Challenge: Difficult to distinguish if decay 
happens during collisions, therefore rely on 
“quiet” time in between bunch crossings
– Detection of signal is then an out-of-time HCal

deposit or highly displaced muon
– Backgrounds here include cosmic muons and 

beam-halo

• Trigger Strategy
– Hadron based: Calorimeter jets reconstructed outside of BX and ± 1 BX
– Muon based: Reconstructed muons from muon systems only with same BX 

requirement as jet trigger, not making vertex requirements
– Trends have been to increase pT/ET thresholds due to increased beam halo at 

higher PU

Ref: 1501.05603 Sub: EPJC (2015) 75: 151



Displaced Dileptons
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– Run2 major improvement was to remove beam spot 
constraint on muon tracks, while needing to raise pT
thresholds

• Mostly limited by offline reconstruction of displaced 
electrons from GSF tracking: potential to fix this could 
be propagated back to HLT

Ref: CMS-PAS-EXO-16-022

• Signature: displaced pair of top 
squarks each decaying to b-
quark + lepton (e-μ final state)

• Trigger Strategy and Evolution
– Run1: 𝛾 + 𝜇	cross trigger, as 

electron tracking poor in 
reconstructing displaced electrons



Dark SUSY
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• Trigger Strategy and Evolution
– Run1: Generic double muon trigger 
– Run2: Optimized by using a triple muon trigger without 

isolation (or dxy and dz), removing primary vertex constraints  

• Possible ideas for the future include taking advantage of 
tracking at L1 to construct displaced dimuon triggers

• Signature: Non-SM Higgs 
decays, final state of 𝐸;<=>>
and a pair of dimuons, with 
displacements up to 10 cm

Ref: CMS-PAS-HIG-16-035



Displaced Photons
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• Challenge: ET thresholds on single photon triggers are very high, 
whereas signal models have a wide spectrum

• Trigger Strategy
– Run1: Use of dedicated triggers: well isolated photon, taking 

advantage of shower shape, with 𝐸;<=>>	or multijet cross-triggers
– Present: Replace with HT cross trigger to incorporate new models
– Additionally, use double photon triggers with lower ET thresholds and 

invariant mass to recover events in dark shower

• Signature: singly, doubly, or 
many photons out-of-time 
with respect to prompt 
collisions (can include some 
𝐸;<=>> and jet activity)

GMSB HVDS

Ref: CMS-PAS-EXO-12-035



Conclusion
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• Triggering on LLPs at CMS involves either 
dedicated triggers or generic triggers

• Generic triggers can provide sufficient signal 
acceptance, as some signals otherwise limited by 
options at L1/HLT for a more specific trigger

• Trends from Run1 to Run2 have mostly been to 
either raise thresholds in order to cope with pile-
up or design a more signal-specific trigger

• Upgrades to CMS will yield more opportunities 
to target more challenging signals with dedicated 
triggers 



Triggering with LHCb
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Current LHCb trigger strategy

¨ Main features:
– Large output rate (thanks 

to reduced event size)
– Second step of software 

trigger = offline (fully 
deferred, real time 
calibration and alignment)

– Several inclusive triggers, 
rely each time more on 
MVA-like variables

– Soft cuts, in particular for 
leptons (examples in 
Martino Borsato’s talk)



16/3April 25th 2017

… and in the upgrade

¨ This is beyond LS2 (after 
LHCb upgrade):
– Readout the detector at 

40 MHz
– Fully software based 

trigger
– Can expect ~100% 

efficiencies in several 
signatures, including light 
decays!
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For LLPs

¨ Several lines exist at the moment triggering on
detached leptons and jets

¨ For light signatures, Turbo stream
– Save only signal related reconstructed objects, leave out

the rest of the event: allows much larger rates!
¨ Room for improvement

– Currently only 
triggering in long 
(red) tracks

– For LLPs, better to 
trigger in 
downstream (brown) 
tracks too. Will 
happen soon!


