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Dirac’s insight into physical constants
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Relation between large numbers?[Dirac, Nature 139 (1937) 323]
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Hence G ∝ 1/t
The idea of time-varying physical constants!



Varying physical constants from dark sector
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mϕ < 30 eV: wave-like DM[Hui, 2101.11735]

Background fields!



Ultralight dark matter

Ke-Pan Xie (谢柯盼), U of Nebraska-Lincoln

Constraints: mϕ > 10-20 eV (Lyman-alpha forest)[Rogers et al, 2007.12705]
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Ultralight dark matter and varying constants
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Varying dark particle mass [this work]
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The classic dark U(1)D model
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The classic dark U(1)D model
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DM couples to A’

Varying dark particle mass [this work]
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The classic dark U(1)D model
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DM couples to A’

Varying dark particle mass [this work]
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Dark photon mass oscillation! 

The classic dark U(1)D model
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Searching for a dark photon – traditional approach
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Searching for a time-varying dark photon – [this work]
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mϕ > 10-20 eV and hence τA’ < 1 day
Oscillates many times during data taking 
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Searching for a time-varying dark photon – [this work]
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The mass probability density function

mϕ > 10-20 eV and hence τA’ < 1 day
Oscillates many times during data taking 
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Searching for a time-varying dark photon – [this work]
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The mass probability density function

mϕ > 10-20 eV and hence τA’ < 1 day
Oscillates many times during data taking 
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Reanalyzing existing exps
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Fitting the dilepton mass spectrum
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The BaBar experiment at SLAC[1406.2980]

To fit the spectrum at
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The BaBar experiment at SLAC[1406.2980]

To fit the spectrum at
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Fitting the dilepton mass spectrum
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Repeating BaBar analysis[1406.2980] with quasi-data
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Cutting out a mass window and fit
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Cutting out a mass window and fit
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Repeating BaBar analysis[1406.2980] with novel signal
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Repeating BaBar analysis[1406.2980] with novel signal
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Experiments we have recast
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Experiments we have recast
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Including E774[PRL67(1991)2942] E141[PRL59(1987)755] and NA64[1912.11389]

NA64
<latexit sha1_base64="4yu/qjWOGYF1xy3pG+lVgtT5F+U="></latexit>

e�Z ! e�ZA0

Event number
<latexit sha1_base64="fupAiJNWIlu4NGIF+my0bx+wFnA="></latexit>

N(✏,mA0) = NeC0✏2
m2

e

m2
A0

e�a1Lsh�A0

⇥
�
1� e�a2Ldec�A0

�
,

10-3 10-2 10-1
10-14

10-12

10-10

10-8

10-6

10-4

m0 [GeV]

�2

E774
NA64
E141

E774 Recast
NA64 Recast
E141 Recast

<latexit sha1_base64="EV7/CNMaPIIcD1ZGRUGLm5FRXgg="></latexit>

mA0 [GeV]



Beam dump experiments

Ke-Pan Xie (谢柯盼), U of Nebraska-Lincoln 25

Including E774[PRL67(1991)2942] E141[PRL59(1987)755] and NA64[1912.11389]
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Our main result
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Improving the bounds: time information
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If the time information is available
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A brief comment on invisible decay
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Previously we have assumed A’ decays dominantly to SM pair
A’ may decay to dark particles!
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For time-varying dark photon:
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Conclusion

Ultralight scalar DM can result in time-
varying mass of dark photon:

1. The existing bounds are significantly 
weakened;

2. The muon g-2 solution becomes 
viable again;

3. Including time information of 
experiments can improve sensitivity.
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Backup: other constraints
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Varying SM fermion mass
<latexit sha1_base64="nEBCMezBUIKnIEqkuxSkPW8G5O0="></latexit>

�mf

mf
' 3 (e✏Qf )

2

16⇡2
log

✓
m2

0 + 2(g0Q�)2�⇤�

m2
0

◆
,


