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Introduction
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Introduction

Varying dark particle mass:

Obtain a time varying mass:

Solve the 𝒈 − 𝟐 anomaly
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Time-varying Mass of Dark Photon

Varying dark particle mass: Time-varying resonant spectrum

��

� + κ��

τ�′=π/�ϕ

�

�
�′

Number of events per bin:DP mass probability density function (pdf)

Double peak feature!! 

We focus on:𝑚! ∼ MeV, 𝜅 ∼ 10
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Time-varying Mass of Dark Photon
The existing constraints on dark photon mixing

Constraints on mixing 

LHCb 1910.06926
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Experiments Recast and Reanalysis 

ØReanalyzing  of existing experiments

ØLog likelihood ratio (LLR)

• Background fit by
• Constraints obtained by 
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Experiments Recast and Reanalysis 

ØReanalyzing  of existing experiments

First, repeat the existing bounds with the single-peak signal
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Experiments Recast and Reanalysis 

ØReanalyzing  of existing experiments

Then, obtain the new bounds:
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Experiments Recast and Reanalysis 

ØReanalyzing  the beam dump experiments
E774[PRL67(1991)2942] E141[PRL59(1987)755] NA64 [1912.11839]

NA64: 𝑒!𝑍 → 𝑒!𝑍𝐴′

Event number: 

For our signals:
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Experiments Recast and Reanalysis 
ØObtain the new constraints: ØInvisible Dark Photon Searchesm (𝐴! → 𝜒𝜒̅)

• Monophoton search (𝑒"𝑒! → 𝐴#𝛾): 

• Time-varying photon energy spectrum:

And the 𝒈 − 𝟐:
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Time-dependent Method Analysis
ØUsing the time information:

• Signal not changed, while background suppressed! 

TDM has better constraint 
than DPM
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Time-dependent Method Analysis
ØAnalyzing CMS Open Data

We choose 2012 dimuon events from CMS Open Data to 
verify the two methods: DPM and TDM
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Conclusion

Dark photon can have a time varying mass by coupling with ultralight 
scalar DM:
ØThe existing bounds are significantly weakened;
ØThe muon g-2 solution becomes viable again;
Ø Including time information of experiments can improve sensitivity;
ØCMS Open Data shows the validity of these two methods;
Ø If we find this time-varying signature, it can be used to unveil the ultralight DM.

Thank You
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Backup
ØRepeating of existing constraints
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Backup
ØOther constraints

Varying SM fermion mass

Early universe:
1. Thermalization: small coupling 𝑔*𝑄+ ∼ 10,- − 10,./, 𝑚+ ∼ 10,0/ −

10,.1eV, 𝜅 ∼ 10; frozen scalar field gives a large DP mass; 
2. Black hole super-radiance.


