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Run 3 Scouting low-mass  searchττ
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Scouting data stream 
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L1 HLT

Scouting ~25 kHz

Parking ~4 kHz

Standard ~2 kHz
• The Scouting data stream stores the 

partially reconstructed event 
information directly from HLT 

• Scouting triggers have significantly 
lower thresholds than standard 

• This trigger strategy greatly benefits 
luminosity based searches that target 
low masses and low production rates 

• Excellent CMS review paper on 
Scouting/Parking here

Prompt offline reconstruction

Delayed offline reconstruction

No offline reconstruction

Run 3 Scouting

~100 kHz~40 MHz
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https://cds.cern.ch/record/2892672/files/CMS-EXO-23-007-arXiv.pdf
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Scouting objects

Connor Houghton     |     Moriond QCD  

CMS

Scouting Particles MET

Scouting Jets Scouting Muons Scouting Electrons

Phys.Rept. 1115 (2025), 678-772 Phys.Rept. 1115 (2025), 678-772Phys.Rept. 1115 (2025), 678-772
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What about taus?
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τμ

τh

CMS Scouting  analysis overviewττ
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Low-mass High-mass

J. High Energ. Phys. 2023, 73 (2023)

ϕ
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• Developed new  object in the Scouting 
dataset with pT > 5 GeV 

•  reconstruction limited to pT > 20 GeV in 
standard datastream 

• 2022+2023 analysis done OR of HT (sum of jet 
activity), EG ( ), and Jet L1 seeds, as there 
were no  triggers in Scouting 

• Analyze the  final state  

• We search inclusively in a never before 
explored discovery region with  GeV 

τh

τh

e/γ
τh

τμτh

Mττ < 60
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CMS Scouting  analysis overviewττ CMS
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Scouting?

Scouting?

• Developed new  object in the Scouting 
dataset with pT > 5 GeV 

•  reconstruction limited to pT > 20 GeV in 
standard datastream 

• 2022+2023 analysis done OR of HT (sum of jet 
activity), EG ( ), and Jet L1 seeds, as there 
were no  triggers in Scouting 

• Analyze the  final state  

• We search inclusively in a never before 
explored discovery region with  GeV 

τh

τh

e/γ
τh

τμτh

Mττ < 60
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Reconstructed Hadronic  categoriesτ
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Scouting Hadrons Plus Strips (HPS)
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Scouting 2022 (13.6 TeV)
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Scouting 2022 (13.6 TeV)
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Generator level distributions of  cone size for  and Z simulationτ ΥCMS Note on procedure

• Engineered Scouting  object from 
scratch 

•  candidates clustered from  

• Construct  candidates from  

• Its possible to build a  from the 
limited HLT information available in 
Scouting 

τh

π0 e/γ

τh π± and π0

τh

τh cone < 2.8−0.3×(τvis
pT −1.4) + 0.1

https://cds.cern.ch/record/2905110?ln=en
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JetPt
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JetE
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Input features

→ Δη between PF particle and jet axis

→ Δϕ between PF particle and jet axis

→ ΔR between PF particle and jet axis

→ log of energy ratio between PF particle and jet

→ log of pt ratio between PF particle and jet

→ Is the PF particle a hadron? (0,1)

→ Is the PF particle an e/g? (0,1)

→ Charge (-1,0,1)

→ dz of charged particle (0.0 if neutral)

→ dxy of charged particle (0.0 if neutral)

→ Is the PF particle an element of the HPS tau? (0,1)

Tau Net: a permutationally invariant model based on DeepSets

• A similar model has been deployed at CMS for quark-gluon 
discrimination 

• Model trained on 2.5 million  decays 

• Current model achieves 90% accuracy rate on testing data

τh

TauNet score for same sign events in a Z-rich region of data 
vs. score for  simulationZ → τμτh
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CMS

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.201803
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Analysis strategy and event selection

- Search is a bump hunt performed over the  visible mass 
spectrum in data 2022 + 2023 between the Y and Z masses 

- We define three major analysis regions, signal, Z, and Y: 

- Split the signal region into single prong, three prong, and 
single prong plus N strips for  search  

τμτh

ϕ
The first proof of Scouting’s efficacy in the  final state 

was the reconstruction of the  peak
ττ

Z → τμτh
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Region

Signal Low Low High

Z 
validation High High High

Y  
validation Low Low Low

τh pT τμ pT τμ iso

We expect to see 
something….

Z clearly visible
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•  has not been seen at 
a hadron collider before 

• We see a feature consistent 
with  

• Bump matches simulation 
shape expectations well  

• Peak appears at ~6 GeV due 
to  loss 

• Peak at < 4 GeV is due to 
highly merged combinatoric 
background and reproduced 
by QCD simulation

Υ → ττ

Υ → τμτh

νμ + ντ + ντ
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CMSCan we see the ?Υ
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hτ3 prong + 1 prong 
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Fits to visible mass backgrounds in signal region 

τ±
h → π± + ντ τ±

h → π±π∓π± + νττ±
h → π± + Nπ0 + ντ
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hτ1 prong + 1 or 2 strips 
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Systematic uncertainties

• Uncertainty on TauNet 
 
- Measured on Z using pass/fail ratios in Data/MC 

• Trigger uncertainty: 
 
- Used difference from unity on  reconstruction 
efficiency in orthogonal trigger study 

•  signal shape uncertainties 
 
- Measured using the percent differences of width 
and mean of SM candles between Data/MC

τh

ϕ
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Results: Limits on  productiongg → ϕ → ττ

• Set limits on gluon-gluon fusion 
production of a benchmark scalar  
boson at 95% CL between 20 and 60 
GeV 

• First ever inclusive limits set in the  
final state below 60 GeV in  mass 

• No significant excesses found

ϕ

ττ
ϕ
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Summary 
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Future:

• Soft  trigger (11 GeV) added to Scouting in 2024+2025 - will greatly increase sensitivity 

• More than 30x acceptance of signal projected on this trigger

μ

• First Scouting analysis to use   

• First demonstration of  using Scouting data 

• Feature consistent with  seen 

• First ever inclusive limits in the  final state below 60 GeV 

• PAS coming soon

τh

Z → ττ

Υ → ττ

ττ

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-24-012/index.html

