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Charge	quan<za<on
Charge	quan<za<on	is	an	empirical	fact.

Qu	=	2/3

What	mechanism	quan<zes	charge?	
Magne<c	monopole?	

QW	=	±1

Qd	=	-1/3	

Qe	=	-1



Millicharge

millicharge	𝝴 ✏eAµ ̄�
µ 
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𝝴≪1		⇒		𝛙	is	millicharged

In	general,	electric	charge	can	be	of	any	value

Stringent	constraints	on	millicharge	of	SM	par<cles

Qp �Qe < (0.8± 0.8)⇥ 10�21e
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Marinelli	et	al.	1984

Bressi	et	al.	2011

Baumann	et	al.	1988

Barbiellini	et	al.	1987
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millicharged	par<cles	beyond	standard	model
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Apparent	millicharge	genera<on	

Millicharge	in	low	energy	EFT

Holdom	1986

high	scale	fermions	charged	under	both	U(1)s

kine<c	mixing	between	A1	and	A2

millicharged	par<cles



Millicharge	in	Stueckelberg	models

Feldman,	ZL,	and	Nath,	hep-ph/0702123	

Stueckelberg	mass	terms	for	hypercharge	&	U(1)X

mixing	mass	terms	between	U(1)Y	&	U(1)X

millicharged	hidden	sector	par<cles

L ⇠ �1

2
(@µ� +m1Xµ +m2B

Y
µ )2
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m1
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Cheung	and	Yuan,	hep-ph/0701107
Kors	and	Nath,	hep-ph/0402047



Millicharge	&	21	cm	anomaly

Bowman	et	al.,	Nature25792	(2018);	Barkana,	
Nature25791	(2018);	Munoz,	Loeb,	Nature	
557	(2018)	no.7707,	684;	+	others	

momentum	transfer	xsec
millicharge	DM	&	baryon

21	cm	@	EDGES	
Munoz	&	Loeb



Probing	millicharge	@	BESIII
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new	physics	process:	e+	e-	→	𝞆	𝞆	ɣ

in	collabora<on	with	Zhang,	Yu	(张宇)



Probing	millicharge	@	BESIII
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Probing	millicharge	@	BESIII
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Irreducible	background	in	SM
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2W-diagram	can	
be	neglected	in	
low	energy

irreducible	BG:	e+	e-	→	ɣ	ν	ν



Monophoton	produc<on	xsec	

irreducible	BG:	e+	e-	→	ɣ	ν	ν

new	physics	process:	e+	e-	→	𝞆	𝞆	ɣ z� ⌘ cos ✓�
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f(sW ) = 8s4W � 4s2W /3 + 1
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[Ma,	Okada	1978;	Gaemers	+	1979]



Chao,	Wang	et	al.	0809.1869

The	BESIII	&	its	subdetectors	

beam	energy:	1.0-2.3	GeV

Main	driu	chamber	(MDC)

|cos(𝚹ɣ)|<0.93

Time-of-Flight	(TOF)

|cos(𝚹ɣ)|<0.83

0.85<|cos(𝚹ɣ)|<0.95

Electromagneg<c	calorimeter		(EMC)

|cos(𝚹ɣ)|<0.83

0.85<|cos(𝚹ɣ)|<0.93



Chao,	Wang	et	al.	0809.1869

The	BESIII	&	its	subdetectors	

beam	energy:	1.0-2.3	GeV

Main	driu	chamber	(MDC)

|cos(𝚹ɣ)|<0.93

Time-of-Flight	(TOF)

|cos(𝚹ɣ)|<0.83

0.85<|cos(𝚹ɣ)|<0.95

Electromagneg<c	calorimeter		(EMC)

|cos(𝚹ɣ)|<0.83

0.85<|cos(𝚹ɣ)|<0.93

ɣ

e-e+



Basic	detector	cuts	

Eɣ>25	MeV		
in|cos(𝚹ɣ)|<0.8EMC	barrel

Eɣ>50	MeV		
in	0.86<|cos(𝚹ɣ)|<0.92

EMC	end-caps

basic	detector	cuts

BESIII,	1707.05178

EMC	energy	range:	20	MeV	-	2	GeV	



Reducible	SM	backgrounds

(1)	photon	from	resonance	decay	(e.g.	J/𝛙	→	ɣ	X)

(2)	photon	in	e+	e-	→	e+	e-	ɣ	w/	e+	e-	being	undetected

(1b)	J/𝛙	→	ɣ	f	f	w/	f	being	undetected

(1a)	J/𝛙	→	ɣ	ν	ν

BR=0.7	×	10-10	 Gao	1408.4552

negligible	irreducible	BG

(4)	photon	in	e+	e-	→	ɣ	ɣ	ɣ	w/	only	1	photon	detected

(3)	photon	in	e+	e-	→	f	f	ɣ	w/	f	f	being	undetected



e+	e-	→	e+	e-	ɣ	in	SM
Ac<s,	Mastrolia,	Ossla,	0909.1750



e+	e-	→	e+	e-	ɣ	in	SM
Ac<s,	Mastrolia,	Ossla,	0909.1750

collinear	singularity	in	the	t-channel

fore.g. |M|2 / 1

t13t24
⇠ 1

✓213t24
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Collider	signal	calcula<on

(1)	Signal	&	irreducible	BG Analy<c	differen<al	xsec

(2)	Reducible	BGs FeynArts	&	FormCalc

(3)	Meson	decays EvtGen

Eɣ	>	1	MeV	to	remove	the	IR	divergence	in	e+	e-	→	ɣ	ɣ	ɣ



BESIII	detector	simula<on

Energy	resolu<on	in	EMC

Angular	resolu<on	in	EMC

Chao,	Wang	et	al.	0809.1869

Prasad	et	al.	1504.07870

Gaussian	smearing	for	both	energy	and	polar	angle	

�(E)

E
=

2.3%p
E/GeV

� 1%
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(our	fiCed	func<on)



Eɣ	&	cos(θɣ)	distribu<on

@	4.18	GeV

e+	e-	→	e+	e-	ɣ e+	e-	→	𝞆	𝞆	ɣ



Eɣ	&	cos(θɣ)	distribu<on

@	4.18	GeV

energy	conserva<on	
viola<on	in	e+	e-	ɣ

e+	e-	→	e+	e-	ɣ e+	e-	→	𝞆	𝞆	ɣ



Eɣ	&	cos(θɣ)	distribu<on

@	4.18	GeV

energy	conserva<on	
viola<on	in	e+	e-	ɣ

e+	e-	→	e+	e-	ɣ e+	e-	→	𝞆	𝞆	ɣ

search	for	new	physics	
here!!



Advanced	cuts

@	4.18	GeV

Advanced	cuts	remove	the	reducible	BGs

Eɣ/GeV>a	cos2(𝚹ɣ)	+	b

a	=	0.99
b	=	0.99

Advanced	cuts

op<mized	for		
e+e-ɣ	&	ɣɣɣ

@	4.18	GeV



NP	versus	SMBGs

@	4.18	GeV
xsec	in	~



NP	versus	SMBGs

@	4.18	GeV

Advanced	Cuts:	Eɣ/GeV>0.99	cos2(𝚹ɣ)	+	0.99

xsec	in	~



NP	versus	SMBGs

@	4.18	GeV

high	efficiency		
for	millicharge!

Advanced	Cuts:	Eɣ/GeV>0.99	cos2(𝚹ɣ)	+	0.99

xsec	in	~



NP	versus	SMBGs

@	4.18	GeV

high	efficiency		
for	millicharge!

Advanced	Cuts:	Eɣ/GeV>0.99	cos2(𝚹ɣ)	+	0.99

Elimina<ng	the	
reducible	BGs!	

xsec	in	~



NP	versus	SMBGs

@	4.18	GeV

high	efficiency		
for	millicharge!

Advanced	Cuts:	Eɣ/GeV>0.99	cos2(𝚹ɣ)	+	0.99

Elimina<ng	the	
reducible	BGs!	

xsec	in	~

S =
Sp

S +B
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BESIII	luminosi<es,	cuts	&	sensi<vity

monophoton	trigger	
since	2011

2011-2017	data



BESIII	luminosi<es,	cuts	&	sensi<vity

Eɣ/GeV>a	cos2(𝚹ɣ)	+	b

monophoton	trigger	
since	2011

op<mized	for	each	energy

2011-2017	data



BESIII	luminosi<es,	cuts	&	sensi<vity

Eɣ/GeV>a	cos2(𝚹ɣ)	+	b

monophoton	trigger	
since	2011

op<mized	for	each	energy

m	=	0.1	GeV

2011-2017	data



Methodology	of	combining	data

combine	data	@	different	collision	energies	

total	likelihood L = ⇧iLi
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likelihood

test-sta<s<c TS(✏) = �2 lnL(✏)
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95%	C.L.	limit TS(✏95)�TS(0) = 2.71
<latexit sha1_base64="7LU7BBtvbABTR9ASNL3GhJ1uX70="></latexit><latexit sha1_base64="7LU7BBtvbABTR9ASNL3GhJ1uX70="></latexit><latexit sha1_base64="7LU7BBtvbABTR9ASNL3GhJ1uX70="></latexit><latexit sha1_base64="7LU7BBtvbABTR9ASNL3GhJ1uX70="></latexit>

chi-square �2
i ⌘ Sip

Si +Bi
<latexit sha1_base64="X5kChJgNZQjhQdU3YXC3wu0VK1U="></latexit><latexit sha1_base64="X5kChJgNZQjhQdU3YXC3wu0VK1U="></latexit><latexit sha1_base64="X5kChJgNZQjhQdU3YXC3wu0VK1U="></latexit><latexit sha1_base64="X5kChJgNZQjhQdU3YXC3wu0VK1U="></latexit>

@	each	running	energy



BESIII	sensi<vity	on	millicharge

data	2011-2017

ZL,	Zhang,	1808.00983

95%	CL	limit

projec<ons	w/	10/~	@		4.6	GeV

5	more	BG	events		
(instrumental?)

w/	15/~	@	3.773	GeV

	w/	10/~	@		2.125	GeV



Summary

Thank	you!

Millicharged	par<cles	are	interes<ng	beyond	
standard	model	new	par<cles.

Current	(and	future)	data	in	the	BESIII	detector	
provide	new	leading	limits	on	millicharged	
par<cles	in	the	100	MeV	to	GeV	mass	range.

Millicharge	𝝴	~	10-3	can	be	probed	at	BESIII	for	
a	100	MeV	mass.	

Our	analysis	does	not	assume	that	millicharged	
par<cle	is	dark	maCer.	


