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SM particles
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Millicharged particles

Lint — €€Aﬂ)? },ﬂ)(
Aﬂ: SM photon

Millich e ]
v millicharged particle 1icharge: €

€. the charge of millicharged
particle in unit of electron charge



Millicharge generated by kinetic mixing

Az
SM U(1) Hidden U(1)

Very heavy fermions couple to both U(1)s

—_ Kinetic mixing between two U(1)s

P A fermion with hidden U(1) charge will be millicharged particle

Holdom, 1986



Millicharge generated by mass mixing

Stueckelberg mass mixing for hypercharge U(1), & hidden U(1),
1 Y 2
L~ == (aﬂ0+m1XM + szﬂ)

—P  Mass mixing between U(1), and U(1)y

A fermion with only hidden U(1), charge will be millicharged particle
S

with € ~ m,/m,

Feldman, Liu, Nath, 2007



Millicharge and 21 cm anomaly
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Constraints

Accelerators
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Astrophysical constraints:

SN1987A, Red giants, CMB, BBN...

Electromagnetic experiment constraints:

Lamb shift, Cavendish...

Accelerators constraints:

SLAC...



Probing millicharge with GeV electron colliders

Poorly constrained at GeV mass

. BESII (/s ~ 3GeV)
. BABAR (1/s =~ 10GeV)
. Belle Il (/s =~ 10GeV)
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Single photon signal

— Single photon signal
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Irreducible Background

Can be neglected when \/E < My,

Neutrino 1s undetectable 1n collider detectors



Splitting function for initial state radiation
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S = M —5—2\/_E

Photon only couples to initial state particles

x, = E,/(/s/2)

Nicrosini, Trentadue 1989; Montagna+ 1995; Chu+, 2018



Differential cross section

Signal: e"e™ — yyy [Liu, Zhang 2018]
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[rreducible BG: eTe™ — vy [Ma, Okadal978; Gaemers+ 1979]

do CVG%S% E?
— S 1+ —L (1 + 22
dE.dz,  4An?sE, (1 — zg) f{sw) S ( 7)

f (sw) =8sy, — 4s5, /3 + 1



Signal and Irreducible background
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Reducible background

Leptons and photons are undetected due to the lack of

acceptance or inefficiency in the detectors

_|_ —_—
beam BG: all undetected particle escape from the e e — 7{/’7

beam direction. 4
e'e — YUY
gap BG: there is at least one particle escape from

the gap of detector ete— _>- ["[_,Y



Belle |l detectors

A small gap at 90°
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beam BG and gap BG
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Beam background

bBG cut

/S (Acosf; — sin b))

(cosf)y —cosf) — (sinf, + sinb)

A = (sinf#; —sin#y) / (cos B — cos )

0,, 6, : the edge of detector

Zos 00 05 10 ..
Eliminate all beam backgrounds!



Gap background

Ecus (GeV)

Ferber+, 1808.10567
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300 events (20/1b),
only gap backgrounds due to
ECL 90° gap

25000 events (20/tb),
gap backgrounds due to ECL

barrel-endcap gap dominate



Constraints
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Belle II can probe new parameter space

at the GeV mass region.

Gap backgrounds are neglected in BESIII
and STCEF for the lack of detailed simulation.
Constraints will be weaker 1n some mass region

if gap backgrounds are considered.



Summary

* Millicharged particles have been probed by many experiments
iIncluding astrophysical observation, precise electromagnetic
measurement and accelerator experiment.

 GeV electron colliders can probe new parameter space of
millicharged particles at GeV mass.

Thank You !






Millicharge and 21 cm anomaly
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Millicharge generated by mass mixing

Stueckelberg mass mixing for hypercharge & U( 1),

2
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83# - au/\x, 8C - O, 60' - _MzAx,
SB# = (), (SC# — a“Ay, o0 = —MlAy.
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Feldman, Liu, Nath, 2007



SCTF detectors

10 years data taking, total 20/ab conservatively
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Reducible Background at Bellell
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Bellell detector
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