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Introduction

* Time varying physical constants birac, Nature 139 (1937) 323
» Ultralight dark matter
EOM: ¢ +3Hd+m3Zp =0
misalignment mechanism ¢(t) ~ ¢ cos(mt)
poM = m5d5/2
e Ultralight dark matter and varying constants
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Time-varying mass of the particle

* Model Setup
Consider mixing between dark photon and photon
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Consider ultralight complex scalar DM ¢(t) ~ ¢o cos(mgt)
charged under U(1)
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Obtain a time varying mass
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Time-varying mass of the particle

* Time varying resonant spectrum m2 _(t) = m2_(¢t + 7)
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Time-varying mass of the particle

* The Existing constraints on dark photon mixing
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Experiments recast

* Reanalyzing of existing experiments

Collaboration Production mode Experimental environment Spectrum Resolution ore Fit window
BaBar [1406.2980] ete™ = A’ Vs~ 10 GeV, 514 fb~! Mee, Mup [1.5, 8] MeV m s = 10 0re
LHCDb [1910.06926] pp — A’ Vs =13 TeV, ~ 5 fb~1! My [0.12, 380] MeV | mar £ 12.50ve

Al [1404.5502] e~ Z e  ZA E. € [0.180,0.855] GeV Mee 0.5 MeV mar £ 30re

NA48/2 [1504.00607] 70 — A’ 1.69 x 107 70 — yetTe™ events Mee [0.16, 1.33] MeV single bin

Log likelihood ratio

Maxg [[; N(B; — B(m;, @) — S fs(mi)|B;)
Maxz [[; N(B; — B(mq, @)|B;)

—2log [

Background fit by B(m,d) = ao + a1m; + asm;
Constraints obtained by s = —2mn(2/2y) = 3.84



Experiments recast

* Reanalyzing of existing experiments

Collaboration Production mode Experimental environment Spectrum Resolution oye Fit window
BaBar [1406.2980] ete™ = yA’ Vs~ 10 GeV, 514 fb~! Mee, Mup [1.5, 8] MeV mar £+ 10 0ve
LHCb [1910.06926] pp — A’ V=13 TeV, ~ 5 fb~! Mup [0.12, 380] MeV | mar £12.50v

A1 [1404.5502] e~ Z e ZA E. € [0.180,0.855] GeV Mee 0.5 MeV mar £ 30

NA48/2 [1504.00607] 70— A 1.69 x 107 7° — vete~ events Mee [0.16, 1.33] MeV single bin
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Experiments recast
* Beam Dump Experiments

E774 E141 NA64
PRL67(1991)2942 PRL59(1987)755 1912.11389
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Experiments recast
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Experiments recast

* Invisible Dark Photon
For dark photon decay to dark matter dominantly
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Time dependent analysis

* Using time information 1,
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Conclusion

dark photon can have a time varying mass by
coupling with ultralight scalar DM:

* The existing bounds are significantly weakened
* The muon g-2 solution becomes viable again

* Including time information of experiments can
Improve sensitivity

Thank You
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* Repeating of existing constraints
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e Other constraints
Varying SM fermion mass
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