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Outline 

•  Introduc;on:	BEPCII		
•  Possible	experiments			
ü  Elas;c	electron–deuteron	scaQering		
ü  Two-body	deuteron	photodisintegra;on		
ü  Coherent	photoproduc;on	of	π0	on	the	deuteron		
ü  ABC	effect	in	photoproduc;on	of	γdàdππ		
ü  Two-photon	exchange	and	the	proton	electromagne;c	form	factors	
ü  Charge	radius	of	proton	
ü  Charged	Lepton	Flavor	viola;on	(cLFV):	electron	to	μ(τ)	conversion:		
																																											e	N	à	μ(τ)	N		
ü  Dark	photon	in	e+e−	à	γA’	at	low	mass	10-50	MeV		

•  Summary		
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Main	purpose:	possible	experiments	using	a	thin	gas	(Hydrogen		
																											or	Deuteron	or	Helium)	targets	internal	to	the		
																											BEPCII	electron/positron	storage	ring.		



The	BEPCII	electron-positron	double	storage	rings 

Beam energy:           1.0-2.3 GeV 
Design Luminosity:  1×1033  cm-2s-1 

Optimum energy:     1.89 GeV 
Energy spread:         5.16 ×10-4 

No. of bunches:         93 
No. e+ or e−/bunch     4.5×1012 
Bunch length:           1.5 cm 
Bunch distance          2 m  
Beam size σx/σy              380/5.7 µm 
Current/bunch          9.8 mA 
Total current:           0.91 A 
Circumference：     237m 
Injection rate for e+  50 mA/s  
Injection rate for e-  200 mA/s  Only	running	experiment:	BESIII	

Start	data	taking:	2009		
Es;mated	end	of	BESIII	life	;me:	2022		
Can	we	do	more	experiments	using	BEPCII?	 
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Beam	energy	measurement 
u  Reconstruc;on	of	the	beam	energy	from	an	energy		
					spectrum	of	laser	photons	backscaQered	on	beam	
							par;cles:		
	
	
u  Achieved	accuracy	is	ΔE/E	≈	4	×	10−5			
u  This	allows	us	to	monitor	the	beam	energy,	and	to		
						apply	correc;ons	during	data	analysis	.	
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Method	of	a	superthin	internal	target	 
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²  Consider	the	case	of	a	target	installed	inside	a	storage	ring,	the	beam	crosses		
						the	target	repeatedly	
²  In	the	case	of	a	“superthin”	internal	target,	addi;onal	energy	losses	of	the	beam	
						are	compensated	by	a	RF	cavity	
²  The	method	was	proposed,	first	tested	(at	VEPP-1),	and	further	developed		
						(at	VEPP-2	and	VEPP-3)	in	Novosibirsk,	star;ng	from	the	late	1960s	
²  Later,	the	method	was	used	in	many	laboratories	worldwide,	both	at	electron	
					(NIKHEF,	MIT-Bates,	HERMES	and	OLYMPUS	experiments	at	DESY,	etc.)		
						and	ion	(IUCF,	CELSIUS,	TSR	Heidelberg,	COSY	Ju	̈lich,	RHIC,	etc.)	rings		
²  The	method	allows	one	to	substan;ally	increase	the	efficiency	of	u;liza;on		
					of	the	target	material	and	beam	par;cles		
²  Therefore,	the	method	makes	it	feasible	to	perform	measurements	

–	with	exo;c	targets:	polarized	ones;	of	rare	isotopes,	etc.	
–	with	exo;c	beams:	positrons;	an;protons;	rare-isotope	ions,	etc.	
–	detec;ng	slow,	heavy,	or	strong-ionizing	reac;on	products	in	coincidence		

Slides	from	Alexander	V.	Gramolin		 



Internal	target	session	at	VEPP3 
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Polarized	atomic	beam	sources	(ABS)		



Highlights	of	the	internal-target	program	at	VEPP-3	 
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Possible	posi;on	for	the	target	in	the	ring 
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North	collision	point	(not	used,	BESIII	in	south	point) 

But	a	lot	of	work	to	rearrange	the	components	of	the	rings	 



Possible	posi;on	for	the	target	in	the	ring 
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West	injec;on	region 

Enough	space,	and	less	work	to	rearrange	the	magnets	 



Possible	posi;on	for	the	target	in	the	ring 
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Ø  Electron	beam	only:	
						Injec;on	region	of	inner	ring	(west	injec;on)		
							need	re-arrange	several	magnets	in	that	region;	
	
Ø  Both	electron	and	positron	beam:		
						only	detector	region	(south	IP)	only	auer	the	BESIII	
						experiments 



West	injec;on	region 
Example	for	:	 
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West	injec;on	region 
Example	for	:	 
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Beam	with	internal	targets	 
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Switch	between	electron	and	positron	beams:		
The	electron	and	positron	can	not	be	switched	in	a	short	;me	because	
	BEPCII	power	supply	is	not	bipolar.	It	may	take	a	couple	of	weeks		
	to	change		the	polarity.	
	

ü  Life	;me	decreasing:		
							Electron	gas	(H2	)	Inelas;c	scaQering	:		
									with	nucleus	σA		10-29;	
									with	outer	electrons	σB	10-29	
						Electron	gas	(H2	)	elas;c	scaQering		
										with	nucleus	σC				10-24	
										with	outer	electrons	σD	(σC>>σD)		
ü  Beam	halo	increasing 

Target	material	for		
	example:		
			2×1013	at/cm2 



Beam	life	;me 
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For	the	BEPCII	and	BESIII	experiment,		the	dynamic	pressure	is	
	about	10-9	Torr	.	The	life;me	is	about	10	hours,	and	the	gas		
scaQering	is	dominated	by	the	N2		or	CO(10%	of	all)	in	the	ring.		
	
For	the	H2	gas	target	(10	cm	long,	and	10-4	Torr	in	the	target	region),		
	it	is	equivalent	to	10-7	Torr	in	the	whole	ring,	and	results	in	a	life;me	
	of	1	hour.			
	
	So	the	beam	life;me	is	good	enough	for	experiments		
	with	internal	gas	targets.		
	
 



Beam	halo	issue 
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Due	to	the	beam	dumping,	the	core	of	the	beam	should	be	Gaussian	
	-like.		According	to	Monte	Carlo	simula;on,	we	consider	the	elas;c		
scaQering	effect	in	the	internal	gas	target	(H2	pressure	10-4	Torr)	.		
	Negligible		beam	halo	is	seen:		 

Horizontal-halo 



Beam	halo	issue 
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Due	to	the	beam	dumping,	the	core	of	the	beam	should	be	Gaussian	
	-like.		According	to	Monte	Carlo	simula;on,	we	consider	the	elas;c		
scaQering	effect	in	the	internal	gas	target	(H2	pressure	10-4	Torr)	.		
	Negligible		beam	halo	is	seen:		 

Ver;cal	halo 



Beam	halo	issue 

2016-4-4 17 

Due	to	the	beam	dumping,	the	core	of	the	beam	should	be	Gaussian	
	-like.		According	to	Monte	Carlo	simula;on,	we	consider	the	elas;c		
scaQering	effect	in	the	internal	gas	target	(H2	pressure	10-4	Torr)	.		
	Negligible		beam	halo	is	seen:		 

Longitudinal		halo 



Luminosity	with	internal	targets 

•  Since	all	quadrupoles	are	independently	
powered,	the	beta	func;ons	at	the	target	are	
tunable.	Many	other	parameters	are	also	
tunable.	Some	parameters	need	input	from	
experimental	side.			

•  The	luminosity	for	internal	target	also	depends	
on	the	beam	current	and	thickness	of	target.		

•  With	900	mA,	1015	at/cm2,	luminosity	could	be		
					5×1035	/cm2/s.	
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Main	purpose:	possible	experiments	using	a	thin	gas	(Hydrogen		
																											or	Deuteron	or	Helium)	targets	internal	to	the		
																											BEPCII	electron/positron	storage	ring.		



Elas;c	electron-deuteron	scaQering	 

Slides	from	Alexander	V.	Gramolin		 2016-4-4 20 



The	world	data	for	T20(Q)	and	T21(Q) 
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The	world	data	for	GC(Q)	and	GQ(Q) 

The	figures	are	from	C.	Zhang	et	al.,	Phys.	Rev.	LeQ.	107,	252501	(2011)	
	The	form	factors	can	be	measured	between	Q=	3	–	5	fm-1	at	BEPCII	with	2.5	GeV		
	electron	beam.			
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Two-body	deuteron	photodisintegra;on	 
Deuteron	photodisintegra;on:	 �d ! pn
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Experiments	at	BEPCII	will		
	improve	the	precision	with		
	2.5	GeV	electron	beam.	 
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Coherent	neutral	pion	photoproduc;on	on	the	deuteron	 

With	Eb=2.5	GeV,	BEPCII	allows	measurement	of	the	
Form	factors	between	Eγ=200-600	MeV 
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													ABC	effects	in																			?	 �d ! d⇡⇡

�d ! d⇡⇡ The	real	photon	energy	will	be	at	least	0.6	GeV	
	Can	we	do	it	at	BEPCII	with	internal	gas	deuteron	targets	
	with	2.5	GeV	electron	beam?	 

Many	theore;cal		
predic;on:		
F.	Wang	et	al	
Z.	Y.	Zhang	et	al.		
… 
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Search	for	cLFV		e+	+	Nà	μ+(τ+)+N 

Photonic	(dipole)	interac;on	 Contact	interac;on	

process
 present limit
 future

µ→eγ <5.7 x 10-13
 <10-14 
 MEG at PSI

µ→eee <1.0 x 10-12
 <10-16
 Mu3e at PSI


µN→eN (in Al) none
 <10-17
 Mu2e /  COMET

µN→eN (in Ti) <4.3 x  10-12
 <10-18 
 PRISM


τ→eγ <1.1 x 10-7
 <10-9 - 10-10
 superKEKB

τ→eee <3.6 x 10-8
 <10-9 - 10-10
 superKEKB

τ→µγ <4.5 x 10-8
 <10-9 - 10-10
 superKEKB

τ→µµµ <3.2 x 10-8
 <10-9 - 10-10
 superKEKB/LHCb


cLFV	is	a	SM-free	process 

2016-4-4 34 



SM	and	New	physics	contribu;ons 
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SM: BR~O(10-54)


Many	new	physics	
model	can	make	
sizable	and	measurable			
contribu;ons	. 



e	to	μ(τ)	conversion:	e+	+	Nà	μ+(τ+)+N	at	BEPCII 

e+ + p ! µ+(⌧+) + p

e+ + d ! µ+(⌧+) + d

e+ +He ! µ+(⌧+) +He

Ebeam	>	3.5	GeV		for	τ	 

Ebeam	>	2.6	GeV		for	τ	 

Ebeam	>	2.2	GeV		for	τ	 

Typical	cLFV	processes	with	different	targets																Mini.	Ebeam	for	tau	produc;on 

²  2.5	GeV	positron/electron	beam	incident	on	the	targets	
²  Es;mated	luminosity	reaches	1035	cm-2s-1		à	1	ab-1	/year	
					(Beam	current	of	900	mA,	and	target	thickness	of		5×1015	atom/cm2	

Rough	es;ma;ons	of	the	expected	sensi;vi;es	for	Ebeam=2.5	GeV: 

The	QED	and	beam-related	backgrounds	should	be	studied,			and	theore;cal		
es;ma;ons	from	different	New	Physics	models	are	important!	 
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�(e± + p ! µ± + p) <⇠ 30ab

�(e± + d ! µ± + d) <⇠ 20ab

�(e± +He4 ! µ±(⌧±) +He4) <⇠ 10ab(0.1� 1.0)fb
Argon	or	Nitrogen	target	should	be	be^er!	 



Search	for	dark	photon	at	BEPCII 

2016-4-4 37 



Recent	experimental	constraints 
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												from	the	process				 e+e� ! �A0A0

The	photon	energy,												depends	on	its	polar	angle,											the	mass	of	the	second	
	par;cles																					.		In	the	case	of			 

Elab
� , ✓lab� ,

(� or A

0) Ebeam = 1.0� 2.5GeV (
p
s = 31.5 ⇠ 50MeV ).

Therefore,	one	can	search	for	dark	photons	measuring																					of	the	photon.	
However,	there	are	large	QED	backgrounds:		
	

E� and ✓�

e+p ! e+p(�), e+e� ! e+e�(�), e+e� ! ��(�).2016-4-4 39 



Concept	of	the	experimental	technique	 
Example	of	the	concept	design	from	VEPP3	(arXiv:1207.5089	)	 

²  2.0	GeV	positron	beam	incident	on	an	internal	hydrogen	target	
²  Es;mated	luminosity	reaches	1035	cm-2s-1	
					(Beam	current	of	900	mA,	and	target	thickness	of		5×1015	atom/cm2	

²  New	bypass	bending	the	beam	and	direc;ng	photons	to	the	calorimeter		
²  Segmented	EM	calorimeter	placed	at	a	distance	of	8-10	m	from	the	target		
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Concept	of	the	experimental	technique	 
Example	of	the	concept	design	from	VEPP3	(arXiv:1207.5089	)	 

Ø  Energy	resolu;on	required:	
Ø  Angular	acceptance:																																						(corresponding	to																																)	
Ø  800	crystals	from	BESIII?		
Ø  The	peak	width	is	determined	by	the	calorimeter	resolu;ons	
Ø  An	accurate	Monte	Carlo	simula;on	of	the	QED	background	is	required	
Ø  Some	of	the	background	processes	can	be	substan;ally	suppressed		
Ø  The	experiment	will	cover	a	mass	range		

�E/E < 0.5% for E� = 100� 600MeV.

✓� = 1.50 � 5.00 ✓CM
� = 900 ± 300

mA0 = 10� 40MeV.
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Sensi;vity	of	the	BEPCII	experiments	 
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BEPCII							1		1035																107		 



2016-4-4 43 



2016-4-4 44 



Summary 
•  Possibili;es	of	physics	programs	are	discussed	at	BEPCII	

with	internal	thin	gas	targets	auer	BESIII	shutdown	
•  Among	them,		cLFV,	dark	photon,	and	charge	radius	of	

proton	are	compe;;ve	and	strong	mo;vated.		
•  We	need	detailed	MC	simula;ons	to	dig	out	important	

physics	which	should	be	done	as	soon	as	possible		
•  BEPCII	was	there,	cost	of	these	projects	will	be	rela;ve	

cheap,	and	the	BEPCII	life	;me	will	be	extended,	and	we	
may	achieve	more	important	physics.		

•  A	proposal	should	be	considered	before	BESIII	shutdown,	
and	some	of	them	may	run	simultaneously	with	BESIII.		
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Preliminary	discussions 
•  Refine/op;mize	physics		
•  Detectors:		many	arms	(forward,	SA,	MA,	LA)		
•  Internal	gas	targets	(polariza;on):			
				atomic	beam	sources,	polarimeter,	scaQering	chamber		
•  The	luminosity	monitor		
•  Upgrade	of	BEPCII?		
•  Prepare	framework	for	MC	simula;ons		
•  Collabora;on	between	theorists	and	experimenters	
•  A	focused	workshop	at	IHEP	in	Beijing?		 
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Thanks!	
Thanks	for	many	useful	discussions	with	Jianping	
Chen,	Haiyan	Gao,	Jianping	Ma,	and	Feng	Yuan	 
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