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In this talk I will focus on  searches 
performed using scouting data

SCOPE OF THE TALK

➤ What is scouting data?  
➤ Its importance for low mass resonance searches 

➤ Hadronic scouting data  
➤ Prompt dijet search, Prompt trijet search  

➤ Non-hadronic scouting data 
➤ Prompt dimuon search, displaced dimuon search 



Huge amount of data coming in from LHC. Impossible to store all of them. 

Need to filter out events online.  

Filters are based on theory/pheno bias. Store events with high pT objects. 

Low or zero sensitivity to new physics with low-mass.

Huge reduction in rate. Are we losing interesting (new physics)events?

Picture courtesy Maurizio Pierini

TRIGGER STRATEGY   AND SOME CONSEQUENCES
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Explore low-mass phase space

Save storage

Save storage

MAKING THE MOST OUT OF SOFTWARE TRIGGERS �4

Objects are reconstructed at trigger level to take trigger decision.  

Why throw away those trigger level objects? 

Do analysis with them! Helpful to explore low-mass region!

Special data flow

No RAW data saved

Minimalistic event content 

Looser trigger cuts

Save resourcesNo offline reconstruction

Picture from Maurizio Pierini 

25 ns bunch-crossing

40 MHz

1 MB/event

Trigger Bandwidth  =  Event Rate   ×  Event Size 
                                          ~1 kHz           ×   ~1 MB 

If we want to 
increase rate, then we need 

to decrease 
event size 

So that the bandwidth stays within limits



MAKING THE MOST OUT OF SOFTWARE TRIGGERS �5

Special data flow

This Special data flow is called Data Scouting in CMS

DO MORE 
with less

Data analysis

Event content

Picture from Maurizio Pierini 

40 MHz

1 MB/event

This novel trigger strategy is being used in CMS since 2011



The first ever scouting trigger was deployed during the last few 
hours of 2011 data taking From Maurizio Pierini

A BIT OF HISTORY �6

CMS-PAS-EXO-11-094

This is a representative view 

of CMS data-acquisition 

system, up and running 

always in the CMS control 

room, showing what's going 

on during data-taking.



The first ever scouting trigger was deployed during the last few 
hours of 2011 data taking From Maurizio Pierini

A BIT OF HISTORY

Proof of principle, that something like this 
can be done in an LHC experiment, was 

established in 2011
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CMS-PAS-EXO-11-094



Phys. Rev. Lett. 117 (2016) 031802

Coupling of leptophobic 
Z’B to SM quarks 

Using scouting, most stringent limits (at that time) in the range 500 - 800 GeV

DIJET SEARCH WITH 2012 SCOUTING DATA
First “Trigger-Level Analysis” result published by an LHC experiment
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➤ Jets@HLT have worse energy 
resolution. 

➤ Derive jet energy correction 
factors for HLT jets by 
comparing them with offline 
jets. 

➤ A special trigger stream is 
used which saves offline 
jet and HLT jets to enable 
HLT vs offline comparison.



DIJET SEARCH WITH RUN2 DATA
Dijet search was repeated with 13 TeV 
data (Run2), improving the limits by an 
impressive amount.

2012 scouting limit 
was roughly here

EXO-16-056 JHEP  doi:10.1007/JHEP08(2018)130

scouting

A new dijet search was performed 
on Run2 scouting data, by 
selecting events with 3 jets, which 
allows to probe even lower masses.

EXO-19-004 PLB doi:10.1016/j.physletb.2020.135448

Search using scouting data
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~2σ excess at 1.2 TeV



DIJET SEARCH WITH RUN2 DATA
Dijet search was repeated 
with 13 TeV data (Run2), 
improving the limits by an 
impressive amount.

EXO-16-056 JHEP  doi:10.1007/JHEP08(2018)130

Limits translated 
to dark matter 

mass vs mediator 
mass plane

Axial vector 

Vector 
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scouting

particle flow scouting  
used in the mass range 

200<Mjjj<700 GeV

RPV SUSY

SEARCH FOR PAIR-PRODUCED 3-JET RESONANCE

Phys. Rev. D 99 (2019) 012010EXO-17-030

Top quark reconstructed in 
scouting data, in region 1
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Particle flow (PF) scouting 
➤ Higher quality objects (example: PF Jet vs Calo Jet) 
➤ All PF candidates saved in PF scouting, which leads to bigger event size  

➤ More information allows to do more complicated searches 
➤ Lower rate is allowed to compensate for higher event-size 



NON HADRONIC SCOUTING  CHASING THE LOW PT MUONS
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Standard Model 

SU(3)xSU(2)xU(1)
Dark Sectorx

Zd
U(1)Y U(1)D

Dark photon in Hidden sector model 
kinetic mixing (ε)

Di-muon mass distribution 
at trigger level  

(muon scouting) 

No additional offline 
identification cuts on 

muon

https://twiki.cern.ch/twiki/bin/view/
CMSPublic/HLTDiMuon2017and2018

In 2017, CMS deployed a 
new, improved, dedicated 
dimuon scouting trigger for 
dark-photon searches.

https://twiki.cern.ch/twiki/bin/view/CMSPublic/HLTDiMuon2017and2018
https://twiki.cern.ch/twiki/bin/view/CMSPublic/HLTDiMuon2017and2018


NON HADRONIC SCOUTING  CHASING THE LOW PT MUONS
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PRL 124 (2020) 13, 131802

First CMS analysis using 
non-hadronic scouting Standard Model 

SU(3)xSU(2)xU(1)
Dark Sectorx

Zd
U(1)Y U(1)D

Dark photon in Hidden sector model 
kinetic mixing (ε)

Prompt dimuon search

Best limits in most of the phase space probed. 
Even at low masses (11.5-45 GeV), limits 

competitive to LHCb

PRL 124 (2020) 13, 131802
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JHEP 04 (2022) 062
First CMS search for long-lived BSM signatures using scouting data

Probed very low masses, thanks to scouting triggers!

Improved previous limits by 2-10 times

Presence of ≥2 hits in inner tracker required in scouting dimuon trigger 
Range of accessible transverse displacement: 0≤lxy<109 mm

Higgs portal

Hypercharge portal

NON HADRONIC SCOUTING  DISPLACED DIMUON SEARCH

Bonus: Exclusion limits on the branching fraction B(B → φX)*B(φ → μμ) as a function of the signal mass hypothesis for a given lifetime.  
Stringent limits at low mass. Competitive with LHCb. (Plot in backup)



More searches with 

scouting data to come. 

An  exciting 

future  awaits…

SUMMARY AND OUTLOOK
Scouting strategies for Run3 is being further improved

➤ More rate budget allocated to scouting (30 kHz in Run3, compared to ~5 kHz in 2018).  

➤ Taking advantage of heterogeneous computing farm (speedup due to GPUs).  
➤ Electron scouting newly added. 
➤ Event content revisited and improved.
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Leave no stone 

unturned. Do the 

best that can be 

done with CMS.

Link to CMS EXO public results

http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/index.html


EXTRA SLIDES
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LONG-LIVED DARK PHOTON SEARCH (LHCB) �18

PRL 124 (2020) 041801

arxiv1803.07466

Background dominated by material interactions for displaced dimuon search @LHCb. 
Precise knowledge of location of material in LHCb VELO is essential to reduce the background

Material background mainly from 
photon conversions 

Displaced search probes the very low 
mass region (214-350 MeV) 

A region generally accessible only 
by beam-dump experiments! 
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PRL 124 (2020) 041801



�20Scouting trigger in CMS
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