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U(1) extensions of the SM

1 vV 1 |74 < |74
L=~ FuF" — JF, F" — _F,, F"

SM particles charged under the extra U(1) gauge
B-L,L,—L,,...

SM particles under the extra U(1) gauge

B. Holdom, PLB166, 196 (19380)

Dark sector, charged under U(1)’, may exist.
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Massless dark photon and its couplings

Discrimination between the ordinary and dark photons
Massive dark photon: mass eigenstates

Vlassless dark photon: interactions
Lint = —JemAp + -
no massless DP couplings to the EM current
» higher dimensional operators

B.A. Dobrescu, PRL94, 151801 (2005)

1 _ / /
['dipole — 9 Z f/(Dg f)PR T DE}f f)PL)O-aﬂfFO/éﬁ

Jhf=eu,T
Lepton Family Violation involved
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Pe
o i — ey 0

3 -

= (\D(“e)|2 + \D(“e)\z) (1 - AP,+ cosb) e
dcos® 327 L H y D%@ 2 _ D(Lue) 2
. D%ﬂe) 2 1 D;_Jue) 2
TWIST experiment @ TRIUMF

n n R. Bays et al., PRD91, 052020 (2015)
T — e’ 4+ missing boson

muon polarization P, ~ -1 angular distribution
asymmetry A 10 +1
exp. upper bound Br (x107°) 5.8 2.1 1.0
NP scale (|D%92 + |DW¥2)=1/2 [106 TeV] | 1.2 1.9 2.8
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1.x107°

D, [1/TeV]

4.x107"

2.x107"
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6.x10°’

Improved bound (2nd order)
-------- Improved bound (1st order)
----- Previous bound, 90% CL

-------
y
y

8.x107’

0 2.x1077 4.x107" 6.x107" 8.x10°" 1.x107°

Di [1/TeV]

Previous bound by
M. Fabbrichesi, E. Gabrielll,
G. Lanfranchi, arXiv:2005.01515

familon search
@TRIUMF

A. Jodidio et al.,, PRD34, 1967 (1930)

A=0

(DR + (D ?) 2
> 5.5 x 10° TeV
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Experlmental bound by SINDRUM U seigardt et ol npazoo, 1 (1088
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DY =0 assumed
o7 — 4 (£ =p,e)
Experimental bounds by ARGUS 1 aprechi et zeces. 25 (1995)
Br(t — p(e) + X) < 4.5(2.7) x 107>
1
VIDP + DS
1
VIDEI2 + D)2

> 3.3 x 10° TeV

> 4.3 x 10° TeV
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o 7T 4TI T (£ = p,e)
similar to ut —efe e

| | 5m§_ 7'€ TE gé
Dt — 07 eh) = s (DR V1P + (DY) DR

Experimental bounds by Belle  « rayasaka et o piessr 130 2010

Br(r™ — 0707 07) < 2.1(2.7) x 107° (¢ = p(e))
1

[(|D(T“)\2 4 \D(T“)P)\D(““)\Q]l/‘l > 3.1 1eV
R L R
1
> 12.3 TeV

(|DY 2 + |D12)| DY |2]1/4
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o 7T — gyt

one diagram in the case of Dy =0

m5

g T T T 0o
Dt — 0700 = s (1D + 1DV P)|D F

Experimental bounds by Belle K. Hayasaka et al., PLB687, 139 (2010)
Br(tm — pte et) < 1.8 x10°°

Br(rt = etp put) <2.7x107°

1
[(lD(T,u)‘Q _I_ |D(T;L)|2)|D(€e)‘2]1/4 > 108 Tev
R L R
1
> 9.77 1eV

(D792 + | D7) 12) | D) 12174
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UTRISTAN: pe™ collider Vs =346 GeV, £=4.6 x 10°* cm™?s™"

| 4 Y. Hamada et al., PTEP0O53B02 (2022)
® L e — U €

S e e 1 e € _
7= Tosm [PUDRET P + DYV P)? = S(DI71P = (D))
_ e 4 2 _
Dy & ,
S (Tesfl 346 GeV (for Déﬂ = 0)
\Dl(q“e) 1 > 17 TeV (requiring 10 events/y, no BG)
| /
® (L€ — Y 2

g — g(|D(,uJe)‘2 —|— |D(,ue)‘2) _ 1521 fb \/|D%€)‘2 _|_ |Dé:u€)‘2

200 - 1 TeV~!

(\D$6)|2 + |D(L“€)\2)_1/2 >33 TeV SMBG pu e — Dyl
0E, =1 GeV @y/s/2
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e e =TT

o o DY) DT P strongly constrained by 7 — £/

O,u’e — T'€e | ,u+7'_

o o DRI DY P DY) DRYYI? constrained by 7T — 0740

ecte — UT, €T

oo DRI DY P DY) D P constrained by 7T — 0T
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Big-bang nucleosynthesis & bobrescu, prL94, 151801 (2005
M. Fabbrichesi, E. Gabrielli, G. Lanfranchi, arXiv:2005.01515
Negg = 2.878 = 0.278

earlier dark photon decoupling 7u ~ 150 MeV

|D%Q 1 >1x10* TeV, £ =p,e
Stellar COOliﬂg M. Giannotti et al., JCAPO5(2016)057 -
M. Fabbrichesi, E. Gabrielli, G. Lanfranchi, arXiv:2005.01515
white dwarves, red giants D)™ 2 7 x 10° TeV
| EP M. Fabbrichesi, E. Gabrielli, G. Lanfranchi, arXiv:2005.01515

ete” — v+ search by OPAL, |_3, ALEPH
D™t 22 Tev
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Muonium hyperfine splitting o p
e~ bound state

AEHF (nS) Z:EHF (TLS)‘le — EHF (TLS)|F:Q

2 (ee L (e -\
_ (§D.§\4)D§\Zm> D >Dg;u>> 1 (Zam )

6 n

00 00) | (0
Dg%/)L — D§w) ZD% )

AEnr(18)/h| < 500 Hz (uncertainty in the SM prediction)
2 ( 1 —1/2
oD tee) plu) SDSB)D(;“) > 222 GeV
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interaction with the SM sector
no coupling to the EM current, higher dim. operators
are allowed.

Constraints by various LFV processes

Probed NP scales: #— ey : O(10°) TeV (improved)
T — 0y 1 O(10°) TeV (new)

Prospect

High energy colliders: less sensitive

Belle, Belle || may probe higher scales in tau decays.
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