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• Historically, several new particles were discovered through the resonant 
particle pair production

• Search for a narrow dimuon resonance at low mass using Run II scouting 
data recorded by the CMS

Dimuon Resonances
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• New states at the GeV scale are motivated from several perspectives.
• Vector portal interaction in thermal dark matter models

Why GeV Scale ?
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• New scalar or vector coupling 
to muons could help explain 
muon (g-2) anomaly

arxiv:2101.10334

https://arxiv.org/abs/2101.10334


Analysis Strategy
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• Searching for a light (1-8 GeV) BSM mediator decaying into a pair of 
opposite sign muons using Run II scouting data collected by CMS

• Event selection optimized for signal ( prompt dimuon resonance)

• Bump hunt on the dimuon mass using analytical signal and bkg. Pdfs

• Measure integrated luminosity, set model independent limit on σ⨯B⨯α

• Compute σ⨯B⨯α in specific models to set limits on model parameters

2023/5/8 Zhangqier Wang,  Pheno2023 4



• Di-muon data scouting
• reconstructed at the high-level trigger (HLT) stage.
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What is “Data Scouting”? 

Reduced events size by storing only essential information and increasing 
efficiency for dimuons.
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• Target prompt production, require transverse displacement L<0.2cm
• 𝑝𝑇

𝜇
> 4𝐺𝑒𝑉, ƞ𝜇 < 1.9

Event Selection

• Two signal categories targeting 
inclusive and boosted production

• Optimized for different production 
mechanisms (DY or ggF)

• Two data-driven muon MVA IDs

• OS J/ψ and Υ events as signal

• SS events as background
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• Pick mass window spanning 5 times the mass resolution around signal

• Signal modeled from fits to SM resonances
• Double Crystal Ball + Gaussian

• 20% uncertainty on resolution

• Combinatorial background is modeled using 4th order Bernstein 
polynomial and other 3 empirical functions (discrete profiling method).
• checked with toy datasets to have negligible bias

Signal and Background Modeling

arXiv:1408.6865
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https://arxiv.org/abs/1408.6865


• Peaking backgrounds (𝐷0 → 𝐾𝐾,𝐾𝜋) estimated from control regions 
with inverted 𝐿/𝜎𝐿 selection (transfer factors estimated from simulation)
• Uncertainty on transfer factors 20-25% estimated using J/Ψ data/MC

Peaking Backgrounds
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Largest Excess

• The largest excess is at 2.41 GeV in the boosted category
• 3.2σ local significance, 1.3σ global significance
• Coincides with the 3.1σ local excess at 2.42 GeV in one event category 

(X+b, 10<pT(X)<20 GeV) from LHCb measurement. JHEP 10 (2020) 156
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https://link.springer.com/article/10.1007/JHEP10(2020)156


• Main results are model independent limits on σ⨯B⨯α for the inclusive 
and boosted selections

• Limit calculation includes all experimental uncertainties

Model Independent Limit

Inclusive Selection Boosted Selection

𝐷0
Largest 
excess
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• We choose two specific models to constrain model parameters
• DY production of vector boson (dark photon)

• Gluon fusion production of pseudoscalar (2HDM+S)

• Relies on theoretical calculations of cross sections, branching ratio, and 
experimental acceptance

Model Dependent Limit

• Dark photon cross section and BR 
calculated with MadGraph

• NNLO corrections and acceptance 
from DYTurbo EPJC 80 (2020) 251

• Gluon fusion cross section from 
HIGLU, BR from JHEP 03 (2018) 178

• Acceptance from MadGraph and 
Pythia
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https://link.springer.com/article/10.1140/epjc/s10052-020-7972-0
https://link.springer.com/article/10.1007/JHEP03(2018)178


• Limits on kinetic mixing parameter 𝜀2 in dark 
photon model extracted from the inclusive 
category limits

Dark Photon Interpretation
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2HDM+S Interpretation

• Limits on mixing angle sin(ϴ𝐻) in Type-IV 
2HDM+S model (tanβ=0.5) extracted from 
the boosted category limits
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• Data scouting allows CMS to perform powerful search for 
dimuon production at GeV scale
• Impressive sensitivity to dark photon and scalar resonances 

• With more statistics from Run 3 data, the result will be 
further improved.
• Excesses will be monitored to see if they emerge as new physics 

• LHC Run 3 will be FUN!

Summary

The End
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Back up
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Scouting Dimuon Mass Distribution
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Dimuon Scouting Trigger Efficiency
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Signal Resolution

• Signal is modelled by a double Crystal Ball 

function + gaussian with fixed parameters, 

extracted from fits to SM meson resonances

• Upper plot shows that mass resolution is nearly 
constant between measured peaks

• We use a flat value of 1.3%



Systematic Uncertainty
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LHCb Dark Photon Search
• The mechanism is the same for γ* and dark photon production

• Estimate non-prompt γ* bkg. using SS sample, subtract from 
observation

• Ratio between the observed γ* yield and signal yield proportional to 𝜀2
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Phys. Rev. Lett. 124, 041801

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.041801
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Limits with Theory Uncertainties

• Model dependant parameter results, with previously shown ±1σ 
theory uncertainties added to observed limit


