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Theoretical motivation

• Like the photon of electromagnetism, dark photon (ZD) mediates an interaction, arising from a 
U(1)D gauge symmetry, between particles of dark sector 

• The SM coupling to the dark sector is described via the gauge invariant kinetic-mixing term 
• The ZD interaction with SM fermions is similar to that of a photon or a Z boson, ∝ kinetic-

mixing coefficient (𝜀)
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http://dx.doi.org/10.1007/JHEP02(2015)157


Simranjit Singh Chhibra ZD search with CMS @ EOS Solstice Meeting, 19 Dec. 2019 3

Experimental status

www.arxiv.org/abs/1910.06926

JHEP 02 (2015) 157

• Exclusion limits in [mZD, 𝜀(𝜀2)] parameter space 

• [0.02, 10.2] GeV: BaBar has put the strongest limits so far, 
𝜀 ~10-3 

• > 10 GeV: 𝜀 ~3x10-2 from the EWPT measurements from LEP 

• [0.2, 70] GeV: 𝜀2 ~10-6—10-5 from LHCb 

• CMS high-mass resonance (Z′) search in dilepton decay 
channel covers masses > 200 GeV (CMS-PAS-EXO-19-019) 

• CMS has performed the dark photon search in prompt 
Dimuon channel, in mass range of [11.5, 200] GeV 
(omitting the Z boson resonance in [75, 110] GeV)

http://www.arxiv.org/abs/1910.06926
http://dx.doi.org/10.1007/JHEP02(2015)157
https://cds.cern.ch/record/2684757?ln=en
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The CMS experiment
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Mu50 HighPTID without Mass Window (Prompt Reco)

53 < pT < 140GeV Data MC Data/MC

0 < |⌘| < 0.9 0.9452 ± 0.0081 0.9728 ± 0.00038 0.9716 ± 0.0084

0.9 < |⌘| < 1.2 0.9312 ± 0.017 0.9298 ± 0.0011 1.002 ± 0.019

1.2 < |⌘| < 2.1 0.8911 ± 0.013 0.9463 ± 0.00063 0.9417 ± 0.014

2.1 < |⌘| < 2.4 0.8273 ± 0.036 0.851 ± 0.0022 0.9722 ± 0.042

Mu50 HighPTID without Mass Window (ReReco)

0 < |⌘| < 0.9 0.9476 ± 0.0079 0.9728 ± 0.00038 0.9741 ± 0.0081

0.9 < |⌘| < 1.2 0.934 ± 0.017 0.9298 ± 0.0011 1.004 ± 0.018

1.2 < |⌘| < 2.1 0.8918 ± 0.013 0.9464 ± 0.00063 0.9423 ± 0.014

2.1 < |⌘| < 2.4 0.8376 ± 0.034 0.8512 ± 0.0022 0.9841 ± 0.04

Mu50 HighPTID without Mass Window (Prompt Reco)

pT > 140GeV Data MC Data/MC

0 < |⌘| < 0.9 1 ± 0.05 0.9729 ± 0.004 1.028 ± 0.053

0.9 < |⌘| < 1.2 - ± - 0.8795 ± 0.015 - ± -

1.2 < |⌘| < 2.1 1 ± 0.1 0.9088 ± 0.0085 1.1 ± 0.12

2.1 < |⌘| < 2.4 1 ± 0.25 0.7902 ± 0.028 1.266 ± 0.33

Mu50 HighPTID without Mass Window (ReReco)

0 < |⌘| < 0.9 1 ± 0.038 0.9733 ± 0.0039 1.027 ± 0.042

0.9 < |⌘| < 1.2 0.5 ± 0.29 0.8817 ± 0.015 0.5671 ± 0.33

1.2 < |⌘| < 2.1 1 ± 0.071 0.9082 ± 0.0085 1.101 ± 0.084

2.1 < |⌘| < 2.4 1 ± 0.25 0.791 ± 0.028 1.264 ± 0.34

⌘ = �ln tan
✓

2
(1)
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Particles’ signature in CMS
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The CMS trigger system
• Two-step process to select events of physics interest (event size ~1 MB) 

• Hardware-based Level-1 triggers (L1) 
• Uses information from calorimeters and muon system → 40 MHz to 100 kHz 

• Software-based high-level triggers (HLT)  
• Run an optimised version of full event reconstruction → 100 kHz to ~1 kHz 

• Dimuon HLTs require to have two muons in an event with pt > 17 and 8 GeV 
• Rate ~30 Hz @ peak luminosity of 2x1034 cm-2s-1 
• Loss of events for masses below ~40 GeV 

• A dedicated set of scouting dimuon triggers were implemented during Run 2 with pt > 3 GeV for the 
two muons 

• Store limited muon information only reconstructed at HLT → ~4-8 kB/event 
• Rate ~2000 Hz @ peak luminosity of 2x1034 cm-2s-1

LHC event rate 
40 MHz

L1 triggers 
~100 kHz

HLT optimised 
event reco./

filtering ~1 kHz

Tier0/storage 
~1MB/event

Full event reco. 
offline analysis
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Scouting dimuon triggers during Run 2
• Two-step process to select events of physics interest (event size ~1 MB) 

• Hardware-based Level-1 triggers (L1) 
• Uses information from calorimeters and muon system → 40 MHz to 100 kHz 

• Software-based high-level triggers (HLT)  
• Run an optimised version of full event reconstruction → 100 kHz to ~1 kHz 

• Dimuon HLTs require to have two muons in an event with pt > 17 and 8 GeV 
• Rate ~30 Hz @ peak luminosity of 2x1034 cm-2s-1 
• Loss of events for masses below ~40 GeV 

• A dedicated set of scouting dimuon triggers were implemented during Run 2 with pt > 3 GeV for the 
two muons 

• Store limited muon information only reconstructed at HLT → ~4-8 kB/event 
• Rate ~2000 Hz @ peak luminosity of 2x1034 cm-2s-1

LHC event rate 
40 MHz

L1 triggers 
~100 kHz

HLT optimised 
event reco./

filtering ~1 kHz

Tier0/storage 
~1MB/event

offline analysis

Store a small part of event  
(reco. @ HLT) content  

(~kB/event)  

Scouting 
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• It’s a classic bump-hunt in the dimuon mass spectrum 
• Low mass (< Z peak): DY, non-prompt muons and fakes 
• High mass (> Z peak): DY and ttbar 

• Standard event analysis: 2 muon with pt > 20 and 10 GeV, |𝜂| < 1.9   

• Scouting event selection: 2 muon with pt > 4 GeV, |𝜂| < 1.9 

• Signal and background event yields and shapes are obtained from simulation and data, 
respectively 
• Signal shape: double-sided Crystal Ball function 
• Background shapes:  

• Standard: 4th order Bernstein polynomial 
• Scouting: modified Breit–Wigner function x 2nd order Bernstein polynomial 

• For a given mass hypothesis, in order to extract the signal from data, a signal plus 
background fit is performed to the dimuon mass distribution (in +-5(7)𝝈 mass window for 
scouting(standard) analysis)

Search strategy
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http://dx.doi.org/10.1007/JHEP02(2015)157
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Resonance mass (GeV)
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• A search for ZD in prompt dimuon decay channel has been performed with CMS 
Run-2 data  
• 137(96.6) fb-1 data collected with standard(scouting) dimuon triggers 
• [11.5, 200] GeV mass range (omitting Z peak) 

• First search of its kind in CMS (also in ATLAS) 

• No significant resonant peaks are observed in the probed mass ranges 

• Exclusion upper limits are derived in [mZD, 𝜀2] parameter space, and compared 
with other searches 
• For masses < 30 GeV, the limits are among the most strongest limits till date 
• For masses > 30 GeV, the word’s strongest limits till date 

• Submitted to PRL: https://arxiv.org/abs/1912.04776 

Summary

https://arxiv.org/abs/1912.04776
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Backup
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Dark photon BR and lifetime
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Scouting dimuon data collected in 2017


