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Quark and gluon jet mass
• Testbed for precision QCD predictions (NLO+NLL‘+NP)
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Groomed jet mass measurements
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Quark and gluon jet mass
• Testbed for precision QCD predictions (NLO+NLL‘+NP)

Top jet mass
• A way to circumvent the non-well-defined top quark mass 

issue
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Groomed jet mass measurements
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Quark and gluon jet mass
• Testbed for precision QCD predictions (NLO+NLL‘+NP)

Top jet mass
• A way to circumvent the non-well-defined top quark mass 

issue

Z(bb) jet mass
• Sensitive to b hadronization
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Groomed jet mass measurements
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Quark and gluon jet mass
• Testbed for precision QCD predictions (NLO+NLL‘+NP)

Top jet mass
• A way to circumvent the non-well-defined top quark mass 

issue

Z(bb) jet mass
• Sensitive to b hadronization

W(qq) jet mass
• Today!

Previously
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Groomed jet mass measurements
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W jets

CMS-PAS-SMP-24-012
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W mass mW= 80 360.2 ± 9.9 MeV [submitted to Nature]
• Prospect for HL-LHC ± 30 MeV [JHEP 1902 (2019) 003]
• Here à proof of principle

Tuning+validation of shower/hadronization
• Searches/measurements often limited by imperfect modeling 

of jet substructure
• Standard candle for heavy object identification
• „Easier“ to predict (not color-connected)

Goals and challenges

30.07.2025 6W jet mass at CMS

First measurement of hadronic W mass at hadron collider – why even try?

https://arxiv.org/abs/2412.13872
https://arxiv.org/abs/1807.07454
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• Searches/measurements often limited by imperfect modeling 
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• Standard candle for heavy object identification
• „Easier“ to predict (not color-connected)

Challenges
• Non-perturbative effects: hadronization, MPI (Grooming)
• QCD background processes (Trigger pT>500 GeV, Tagging)
• Pileup (57 on average in 2024)
• Boost
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Features of W+jets
• No color connection to rest of the event
• Large QCD jet background (mainly dijet)
• Need at least 1 extra jet to get triggered (pT>500 GeV)
• To first order W is a 50-50 pick

The final state and observable

10

And how to make it measurable

30.07.2025 W jet mass at CMS
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Features of W+jets
• No color connection to rest of the event
• Large QCD jet background (mainly dijet)
• Need at least 1 extra jet to get triggered (pT>500 GeV)
• To first order W is a 50-50 pick
Observable
• Leading pT anti-kT R=0.8 jet in event
• Softdrop jet mass mSD (𝛽=0, zcut=0.1) / mMDT

The final state and observable
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And how to make it measurable
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Features of W+jets
• No color connection to rest of the event
• Large QCD jet background (mainly dijet)
• Need at least 1 extra jet to get triggered (pT>500 GeV)
• To first order W is a 50-50 pick
Observable
• Leading pT anti-kT R=0.8 jet in event
• Softdrop jet mass mSD (𝛽=0, zcut=0.1) / mMDT
Jet substructure tagging
• Helps resolve ambiguity between jets
• Helps to remove background
• Here: energy correlation functions

• Need to maintain background predictable

The final state and observable

12

And how to make it measurable

30.07.2025 W jet mass at CMS
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Background estimation

1530.07.2025 W jet mass at CMS
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• Maximum likelihood approach implemented with combine
• In one go with background estimate
• Uncertainties profiled

• Detector-level response for W(qq)-matched events
from Madgraph+Pythia simulation

• SVD regularization

• Main systematic uncertainties
• Jet energy calibration
• Shower variations
• Hadronization model (Pythia/Herwig)

Unfolding

16

From detector-level to particle-level

30.07.2025 W jet mass at CMS



• Madgraph+Pythia with CP5 tune and corrections to NLO QCD+EWK describe peak reasonably well
• Large uncertainties outside W peak region, where background dominates

Results

1730.07.2025 W jet mass at CMS



• Pythia-only prediction agrees with NLO prediction in peak region

W mass measurement

1830.07.2025 W jet mass at CMS



• Pythia-only prediction agrees with NLO prediction in peak region

• Peak region used to extract W mass parameter with template fit

W mass measurement
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• Pythia-only prediction agrees with NLO prediction in peak region

• Peak region used to extract W mass parameter with template fit

• Result: 80.77 ± 0.57 GeV
80.77 ± 0.36 (stat. + bg.) ± 0.43 (sig. sys) GeV
• Yes, we can

• More in CMS-PAS-SMP-24-012
How to weigh the W boson using hadrons

W mass measurement

2030.07.2025 W jet mass at CMS
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http://cds.cern.ch/record/2937699?ln=en
http://cds.cern.ch/record/2937699?ln=en
https://cms.cern/news/how-weigh-w-boson-using-hadrons
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