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

ÅSearch for a narrow dimuonresonance at low mass using Run II scouting 
data recorded by the CMS

DimuonResonances
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ÅNew states at the GeV scale are motivated from several perspectives.
ÅVector portal interaction in thermal dark matter models

Why GeV Scale ?
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Å 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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Å 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

Å Event selection optimized for signal ( prompt dimuon resonance)

Å Bump hunt on the dimuonmass using analytical signal and bkg. Pdfs

ÅMeasure integrated luminosity, set model independent limit on ̀ B ʰ

ÅCompute ̀ B ihn specific models to set limits on model parameters
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ÅDi-muon data scouting
Åreconstructed at the high-level trigger (HLT) stage.
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Reduced events size by storing only essential information and increasing 
efficiency for dimuons.
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ÅTarget prompt production, require transverse displacement L<0.2cm
Åὴ τὋὩὠȟ ρȢω

Event Selection

ÅTwo signal categories targeting 
inclusive and boosted production

ÅOptimized for different production 
mechanisms (DY or ggF)

ÅTwo data-driven muon MVA IDs

ÅOS J/̞ ŀƴŘ ʇ ŜǾŜƴǘǎ ŀǎ signal

ÅSS events as background
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ÅPick mass window spanning 5 times the mass resolution around signal

ÅSignal modeled from fits to SM resonances
ÅDouble Crystal Ball + Gaussian

Å20% uncertainty on resolution

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

Signal and BackgroundModeling

arXiv:1408.6865
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ÅPeaking backgrounds (Ὀ ᴼὑὑȟὑ“) estimated from control regions 
with inverted ὒȾ„ selection (transfer factors estimated from simulation)
ÅUncertainty on transfer factors 20-нр҈ ŜǎǘƛƳŀǘŜŘ ǳǎƛƴƎ Wκʌ Řŀǘŀκa/

PeakingBackgrounds
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Largest Excess

Å The largest excess is at 2.41 GeV in the boosted category
Å оΦнˋ local significance, 1.3̀  globalsignificance
Å Coincides with the оΦмˋ ƭƻŎŀƭ ŜȄŎŜǎǎ at 2.42 GeV in one event category 

(X+b, 10<pT(X)<20 GeV) from LHCbmeasurement. JHEP 10 (2020) 156
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ÅMain results are model independent limits on ̀ B ʰ for the inclusive 
and boosted selections

ÅLimit calculation includes all experimental uncertainties

Model Independent Limit

Inclusive Selection Boosted Selection

Ὀ Largest 
excess
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ÅWe choose two specific models to constrain model parameters
ÅDY production of vector boson (dark photon)

ÅGluon fusion production of pseudoscalar(2HDM+S)

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

Model Dependent Limit

Å Dark photon cross section and BR 
calculated with MadGraph

Å NNLO corrections and acceptance 
from DYTurboEPJC 80 (2020) 251

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

Å Acceptance from MadGraphand 
Pythia
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ÅLimits on kinetic mixing parameter ‐ in dark 
photon model extracted from the inclusive 
category limits

Dark Photon Interpretation
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2HDM+S Interpretation

ÅLimits on mixing angle sin(ץ ) in Type-IV 
2HDM+S model (tan̡ ҐлΦрύ extracted from 
the boosted category limits
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