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Introduction

* Time varying physical constants?/ ¢ Nature 139 (1957) 329 SM‘pa:tic'e
(@
 Ultralight dark matter .
. ] L, A’
EOM: ¢+3Ho+myd =0 DM field

And misalignment mechanism
¢(t) = ¢o cos(mgl)  ppm = mgdg/2

e Ultralight dark matter and varying constants
¢

Stadnik et al, 1412.7801, 1503.08540
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Introduction

Varying dark particle mass: Solve the g — 2 anomaly

The classic dark U(1), model T N

Y A ~ Ultralight DM

Standard Model '\/\M\/\; Dark Sector 8 % charged under U(1),

g & E A’ (massive) | - Bt :

E ¢ = 10'° GeV

E mg=10"18 eV :

AL = %j"y'"“ﬂ'w Ginetic Mxing ..., \ e /

¢(t) = ¢g cos(myt)

DM couples to A’

(Dug)” D" D (9'Qy)” 6" P A, A = 2 QP pone (i) = 10t
Obtain a time varying mass: . x( 70, w_wevmev)z

mar(t) = /m3 +2(g'Qy)?|dol? cos?(myt)

= my \/1 + Kk cos?(myt) 4




Time-varying Mass of Dark Photon

Varying dark particle mass: Time-varying resonant spectrum
' Nltkmo
ma(t) = \/m?) +2(9'Qg)?|do|? cos?*(mgt)  p-\-—/~=- -/ Mies (1) = Mieg(t +7)
< ------------------------- ' —20
= mo\/l+IiCOS2(m¢t) ol mg 2 2 x 1077 eV
________________________________________ lexp > T
We focus onimy ~ MeV,k ~ 10 -
5
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Time-varying Mass of Dark Photon

The existing constraints on dark photon mixing
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Experiments Recast and Reanalysis

»Reanalyzing of existing experiments

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

A1l [1404.5502] e~Z e~ ZA E. € [0.180,0.855] GeV Mee 0.5 MeV myr £ 30re

NA48/2 [1504.00607] 0 — v A’ 1.69 x 107 7% — yete™ events Mee [0.16, 1.33] MeV single bin

» Log likelihood ratio (LLR)

Maxg [[, N(Bi; — B(m;,d’) — Sfa(m;)|B;)
Maxg [ [, N (B; — B(ms, @)|B;)

—2log

 Background fit by  B(m;, @) = ag + a1m; + aom;
e Constraints obtained by S = —2In(£/Ly) = 3.84



Experiments Recast and Reanalysis

»Reanalyzing of existing experiments

Collaboration Production mode Experimental environment Spectrum Resolution ore Fit window
BaBar [1406.2980] ete™ — A’ Vs~ 10 GeV, 514 fb~1 Mee, Mup [1.5, 8] MeV myr £ 10 ove
LHCb [1910.06926] pp — A’ Vs =13 TeV, ~ 5 fb~! Mpyp [0.12, 380] MeV | mys +12.50ve
A1l [1404.5502] e~Z e~ ZA E. € [0.180,0.855] GeV Mee 0.5 MeV myr £ 30re
NA48/2 [1504.00607] 0 — v A’ 1.69 x 107 79 — yeTe™ events Mee [0.16, 1.33] MeV single bin
First, repeat the eX|st|ng
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Experiments Recast and Reanalysis

»Reanalyzing of existing experiments

Collaboration Production mode Experimental environment Spectrum Resolution ore Fit window
BaBar [1406.2980] ete™ — HA V5=~ 10 GeV, 514 fb~! Mee, Mup [1.5, 8] MeV myr £ 10 ore
LHCD [1910.06926] pp — A’ Vs =13 TeV, ~ 5 fb~! My [0.12, 380] MeV | ms & 12.50ve

A1 [1404.5502] e~Z e~ ZA E. € [0.180,0.855] GeV Mee 0.5 MeV mr = 30ve

NA48/2 [1504.00607] 0 — A’ 1.69 x 107 70 — yete™ events Mee [0.16, 1.33] MeV single bin
Then, obtain the new bounds:
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Experiments Recast and Reanalysis

»Reanalyzing the beam dump experiments
E774[PRL67(1991)2942] E141/[PRL59(1987)755] NAG64 [1912.11839]
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Event number:
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For our signals:

N(e,mo, k) = —




Experiments Recast and Reanalysis

» Obtain the new constraints: > Invisible Dark Photon Searchesm (A" — x)
5 (a) Double—peak method « = 15 :
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Time-dependent Method Analysis

» Using the time information: 1421;----{-Tj-i-jr-i--5—--5-’-‘-‘-1-5--5--1j-1j-i-jr-jr-j-----
L[| dt O I N N N 7 R I
Nired = Ni—/ dmA/ < 8- AN
T Jm;  |dMma ST O A A 07 A 0 O O S
L S e ey G S e i
Ni,j = NiAtj/T 0.0 0.2 0.4 0.6 0.8 1.0
T

* Signal not changed, while background suppressed!

107

107

10-5 AN
g

10775 (8

108 — DPM: double—peak method LHCb
------ TDM: time—dependent method
fgre——==

hL —TDM has better constraint
than DPM

| 1072 107" 1
mO[GeV]

12



Time-dependent Method Analysis

»Analyzing CMS Open Data

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

dN, b2 do ' '
S = | dte@) - 5 10”" | CMS Open Data 2012
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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;

» CMS Open Data shows the validity of these two methods;

» If we find this time-varying signature, it can be used to unveil the ultralight DM.

Thank You
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Backup

» Repeating of existing constraints
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Backup

» Other constraints
Varying SM fermion mass

amy  3(eQp)” <mg il 2(9’Q¢)2¢*¢>

m 1672 ma

Early universe:

1. Thermalization: small coupling g'Qg ~ 107 — 10719, mgy ~ 10729 —
10~17eV, k ~ 10; frozen scalar field gives a large DP mass;

2. Black hole super-radiance.
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