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Why	

e+	

e-	

C	=	+1	

C-even	states	can	be	produced	in	e+e-		
collision	via	two-photon	reac2on.	

(π0,	η(547),	η(958),	f0(980),	a0(980),		
f2(1270),	f0(1500)…)	

Observa2on	of	these	reac2ons		
could	help	to	calculate	
	light-by-light	contribu2on	to	g-2	of	muon.	



Theory	(η’)
In	unitarity	limit,	when	two	photons	are	real,	the	electronic	width		
of	C-even	state	is	in	α2	lower,	than	two-photon	width,	but	for		
pseudo-scalars	there	is	addi2onal	helicity	suppression:	
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Br(η’     γγ)	=	0.0218	±	0.0008	

Unitarity	limit							Bunit(η’ ->	e+e-)	=	3.75	x	10-11		

For	Γη’ = 0.199 ± 0.009 MeV,		Γunit(η’->	e+e-)	=	7.5	x	10-6	eV

Photons	virtuality	and	form	factor	can	significantly	(3-5-10?)	increase	this	number	



Previous	measurements	

Only	data	from	ND	at	VEPP-2M	(1985)	are	available.		
No	candidate	events		were	found	and	upper	limits:	

Γ(η’(958)	->	e+e-)		<	0.06	eV	
Γ(f0(980)->	e+e-)	<	8.4	eV	
Γ(a0(980)->	e+e-)	<	1.5	eV	
Γ(f2(1270)->	e+e-)	<	1.7	eV	(updated	by	SND	to	<0.11	eV)	
Γ(f0(1300)->	e+e-)	<	20	eV	
Γ(a2(1320)->	e+e-)	<	25	eV	(updated	by	SND	to	<	0.56	eV)	

ND	(1985)	~1%			efficiency,	~0.7	pb-1	luminocity.	



Main idea: Round Beams  

VEPP-2000 Collider (2010-2013) 

5	reduce	beam-beam	effects	
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Solenoid	13.0	T		at	VEPP-2000	
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E = 993.662±0.016 MeV 

Compton backscattering beam energy 
measurement 
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λ0	=	5.426468	±	0.000005	μm		



VEPP-2000	experiment	(2010-2013)	

Energy	distribu2on	of	collected	integrated	luminosity	of	CMD-3	
L	=	2.69	pb-1	used	for	this	analysis	

ω φ
η’ Effec2ve	luminosity	



VEPP-2000	experiment	(2013)	

η(958) 
ω(780) 

φ(1020) 

Energy	distribu2on	of	collected	integrated	luminosity	



Beam	energy	control	
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Ec.m.	=	957.678	±	0.014	MeV,	to	be	compared	with	m(η’)	=	957.78	±	0.06	MeV	
Devia2ons	are	at	the	level	of	beam	energy	spread.			

Beam	energy	was		
con2nuously	monitored	with		
Laser-Back-Scaiering	System.	



Ec.m.	energy	spread	
For	VEPP-2000	collision	energy	spread	is	related	to	longitudinal	collision	points	distribu2on	σZ			
and	RF	voltages	on	the	cavity	Vcav	as	

For	this	experiment	σZ	=	2.3	cm	(using	BhaBha	events)	and		Vc	=	15	kV	(monitored).	

FWHM	=	0.59	MeV	is	significantly	larger,	compare	to		Γη’ = 0.199 ± 0.009 MeV	,		
and	integrated	(over	width)	cross	sec2on	is	calculated	as	

where	x	is	frac2on	of	energy	taken	by	som	photons	according	to	radiator	func2on	
F(x,	E),	and	σf(E)	is	a	Breit-Wigner	for	η’	

€ 

σEc .m.
= 4.05σZ VcavEc.m. sin(acos(63.2Ec.m.

4 /Vcav )) = 0.246 ± 0.030MeV



Integrated	cross	sec2on	
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If	we	observe	N	events,	we	measure		

σf
int	=	(6.38	±	0.23)	! Γη’->	e+e-(eV)	!	Bη’->	f		nb			

For	unitarity	limit	and	Bη’->	f	=	1		
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Event	selec2on	–	CMD-3	
We	search	for	the	reac2on:		e+e-	->	η(958) ->	π+π-η ->	π+π-γγ

- 	we	select	events	with	two	“good”	tracks	and	>2	photons	
- 	we	perform	a	kinema2c	fit	in	the			e+e-	->	π+π-γγ hypothesis	
- 	if	more	than	2	photons,	the	best	χ2	combina2on	is	used	

Events	from	±	35	МэВ	around	π0		mass(a)	и	η	mass	(b)	
Histograms	are	simula2on		



Event	selec2on	(example)	
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Momentum	range	for	π+π-η



How		m(γγ)	looks	like	?	

Ebeam	=	479	MeV	

Ebeam	=	509.5	MeV	

All	pairs	 Best	measured	
χ2 < 80	

Best	fit	
χ2 < 80	



Addi2onal	cut	on	photon	pair		

|cos(H)|	<	0.8	:	Efficiency	reduced	by	20	%	
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data	 MC	



Background	from	QED		

Etotal	<	1.4	Ebeam	:	Efficiency	reduced	by	13	%	
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simulation
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Check	with	π+π-π0(η)γ
Ebeam	=	509.5	

ηγ

η’γ

Green	–	CMD-2,	red	–	CMD-3	(part	of	data)	

red	points	-	simula2on	

η’	signal	

σ(e+e-	->	ηγ)	
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Check	with	π+π-η    π+π-2γ 

black	–	BaBar,	red,	blue	–	CMD-3		

How	large	it	is	at		
Ec.m.	=	958	MeV?	



NO	signal	at	Ec.m.	=	958	MeV	

We	take	N	<	2.0	at	90%	C.L.	

Background	1.0	±	0.5	events	
root	[0]	TFeldmanCousins	f	
root	[1]	f.CalculateUpperLimit(0,0.5)	
(Double_t)1.93999999999999995e+00	



Result	
Efficiency	for	e+e-	->	η(958) ->	π+π-η ->	π+π-γγ 		-		31.1%,		L	=	2690	nb-1	
Systema2c	unsertain2es:		
									2%	-	luminosity,	5%	-	energy	instability,	5%	-	efficiency	
Our	result	is:	

	Compare	to	old	ND:		Γη’	->	e+e-	<	0.06	eV																																											Brη’	->	e+e-	<	2.1	x	10-7			
																																																																																																									(ND	used		~0.3	MeV		в	PDG	1985)	

														Unitarity	limit	is			Γunit(η’->	e+e-)	=	7.5	x	10-6	eV		-	s2ll	~300	lower	
																																																			Bunit(η’ ->	e+e-)	=	3.75	x	10-11		

Analysis has been published at Phys. Lett. B740(2015) 273. 

With	systema2cs	

or		Calculate	



			In	our	experiment	we	can	also	set	a	limit	on	the	cross	
sec2on	for	the	process		

				e+e-	 −> π+π-η	at		Ec.m.	=	957.7	MeV,	which	is	found	to	be	

																						σ	=	N/(εL)	<	6.1	pb	for	90	C.L.,		

				where		ε	B(η −> 2γ )	=	0.122	is	a	detec2on	efficiency	for	this	
process.		

	 	 	 	How	large	it	is?	KLOE	can	measure	it	NOW!	



SND	analysis	(Phys.	Rev.	D	91,	092010	(2015)	)	

•  Same	2me	data	taking	
•  Using	five	decay	chains	of	η(958)	
			e+e-	->	η(958) −>	π+π-η −>	π+π-γγ				

																																														−>	π+π-π0π0π0

   e+e-	->	η(958) −>	π0π0η −>	π0π0γγ	

   																																											−>	π0π0π0π0π0

                                                             −>	π0π0π+π-π0	

Γ(η’→e+e-)  < 0.0024 eV (90%CL)  - CMD-3 
Γ(η’→e+e-)  < 0.0020 eV (90%CL)  - SND 
Β(η’→e+e-)  < 5.6x10-9 (90%CL)  - SND+CMD-3 
B(η’→e+e-)  = 3.7x10-11 – Theory (no FF)	

NO	non-resonant	
background!	



Only	DAFNE-KLOE	can	make	it!	

If	energy	spread	is	similar		
to	VEPP2000:	

σint	=	5.8x10-5	x	BR(η’->f)	nb	

Using	BR(η’->π0π0η)	=	0.223	
and	all	η	decay	modes	with	50%	
efficiency	(?)	we	need	

Lint	=	160	pb-1	to	reach	unitarity		
limit:	FF~5-10	is	expected	(?).	

~0.5	�-1	at	Ec.m.	=	958	MeV		
could	also	be	used	for	ISR	π+π-
and	γγ	physics	out	of	φ.	

Energy	control	at	the	level	of	
~100	keV	is	required!	


