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Introduc)on	

The	hadronic	transi/ons	of		
charmonium	from	PDG	

My	talk	will	focus	on	the	hidden	charm	range.	
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Introduc)on	
All	the	BESIII	analysis	in	this	report	
are	based	on	106M	ψ(3686)	events.	
The	analysis	with	about	341M	ψ(3686)	
events	taken	at	2012	are	ongoing.	

The	following	four	hadronic	transi)on	
analysis	at	BESIII	will	be	reported.	

Precise	measurement:	
①  Ψ(3686)!π+π-J/ψ	
②  Ψ(3686)!π0J/ψ,		ηJ/ψ	

③  χcJ!π+π-ηc	
④  χcJ!π0ηc	

Searching	for	new	decay	
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Ψ(3686)!π+π-J/ψ	

1.	The	largest	branch	of	Ψ(3686),	can	provide	clean		J/ψ	
samples	without	the	interference	with	Bhabha	process.	
2.Large	part	of	the	theore)cal	calcula)on	about	hadronic	
transi)ons	are	based	on	the	mul)pole	expansion	+	meson	loop	
effect.		
As	a	basic	decay	channel,	it’s	oZen	used	as	input	for	theore)cal	
calcula)on.	

3.There	are	some	discrepancy	among	
	previous	measurements.	

PRD	44,	756(1991)	
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Ψ(3686)!π+π-J/ψ@BESIII	
PRD	88,	032007(2013)	• All	the	charged	track	pairs	sa)sfy	

P(Trk+Trk-)<450MeV	are	assumed	to	
be	π+π-	pairs,and	keep	all	the	
combina)ons	with	recoiled	mass	
near	J/ψ.	
• Gamma	conversion	background	is		
vetoed:	cosθ(Trk+Trk-)<0.95	
• Signal	is	ficed	with	MC	simulated	
signal	shape	convolute	double-
gaussian	

B(Ψ(3686)!π+π-J/ψ)	

CLEO-c	 (35.04±0.8)%		

BESIII	 (34.98±0.02±0.45)%	 5	



Ψ(3686)!π0J/ψ,		ηJ/ψ	
1.   This	is	an	isospin	breaking	process.	The	isospin	symmetry	breaking	is	due	to	
the	electromagne)c	interac)on	and	the	up-	and	down-quark	mass	difference.	

2.	Based	on	the	QCD	mul)pole	expansion	and	Par)ally	Conserved	Axial-vector	
Currents(PCAC)	

					R=0.0162,	based	on	conven)onally	accepted	quark	masses	

3.	CLEO’s	measurement:	Larger	than	previous	theore)cal	predic)on	
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R =
B(ψ(3686)→π 0J /ψ)
B(ψ(3686)→ηJ /ψ)

= (3.88 ± 0.23 ± 0.05)%

€ 

R =
B(ψ(3686)→π 0J /ψ)
B(ψ(3686)→ηJ /ψ)

=
27
16
( pπ
pη
)3r2,

r =
md −mu

ms − 0.5⋅ (md +mu)

Phys.	Rep.	194,	1	(1990)	

Phys.	Rev.	D	70,	012006	(2004)	

Phys.	Rev.	D	78,	011102	(2008)	
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Ψ(3686)!π0J/ψ,		ηJ/ψ	

•  Some	theorist	try	to	improve	the	situa)on	by	including	the	
intermediate	(virtual)	charmed	meson	loops.	

•  Assuming	the	intermediate	charmed-meson	loop	mechanism	
saturates	the	decay	widths	of	the	Ψ(3686)!π0J/ψ,		ηJ/ψ	we	
get	R=0.11±0.06	

•  0.0162<0.0388<0.11,	the	experimental	result	lies	between	
the	predic)on	given	by	two	models	!mixture	of	the	two	
models?	

PRL	103,	082003(2009)	

PRL	104,	109901	(2010)	
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Ψ(3686)!π0J/ψ,		ηJ/ψ@BESIII	
Ψ(3686)!π0J/ψ	
J/ψ!e+e-	

Ψ(3686)!π0J/ψ	
J/ψ!μ+μ-	

Ψ(3686)!ηJ/ψ	
J/ψ!e+e-	

Ψ(3686)!ηJ/ψ	
J/ψ!μ+μ-	

• Two photons, two leptons are reconstructed, 4C kinematic fit is used
• Signal peak is fitted with MC shape       gaussian function.
• B(Ψ(3686)!π0J/ψ)= (1.26±0.02±0.03)×10-3

 B(Ψ(3686)!ηJ/ψ) = (33.75±0.17±0.86)×10-3

 Rπ0/η = (3.74±0.06±0.04)%  agrees with CLEO’s measurement 8	

PRD	86,	092008(2012)	
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χcJ!π+π-ηc	

1.	Hadronic	transi)on	of		3PJ	states	are	seldom	explored, as	χcJ	
can’t	be	produced	directly	from	e+e-	annihila)on.	

2.	The	single	previous		experimental	result	was	reported	by	BABAR,	
B(χc2!π+π-ηc)	<2.2%@90%C.L.		

3.	The	process	χc1!π+π-ηc		dominated	by	E1-M1	transi)on,	
calculated	in	the	mul)pole	expansion	formalism.		
B(χc1!π+π-ηc)=(2.72±0.39)%		

9	

PRD	86,	092005	(2012)	

PRD	75,	054019	(2007)		



χcJ!π+π-ηc	

BESIII	result(ηc!KsKπ):	
B(χc0!π+π-ηc	)	<	0.07%	
B(χc1!π+π-ηc	)	<	0.32%	
B(χc2!π+π-ηc	)	<	0.54%	

• Two	modes:	ηc!KsKπ, ηc!K+K-π0	is	used	to	search	the	χcJ!π+π-ηc	
No	clear	signal	observed.		
• The	peak	in	χc2	is	dominated	by	background	Ψ’!π+π-J/ψ,	J/ψ!γηc					
• The	uplimit	for	χc2!π+π-ηc		agrees	with	BABAR’s		result	
• The	χc1!π+π-ηc		is	much	smaller	than	theore)cal	predic)on	
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PRD87,	012002(2013)	

Χc0	range	 Χc1range	 Χc2	range	



ΧcJ!π0ηc	

11	

• No	measurement	before	
• Isospin	breaking	process.	

• χc1!π0ηc		is	forbidden	by	JPC	conserva)on	law,	so	only	χc0 and	χc2	
	are	studied.	
• 	ηc!Ks0K±π∓is	used	in	the	measurement.	
• No	clear	ηc	signal	is	observed,	in	the	above	fit,the		ηc	is	represented	
by	Breit-Wigner	func)on	with	parameters	fixed	to	PDG	then	convolute	
a	resolu)on	from	MC	simula)on.	The	peak	around	3.12GeV	is	from		
background	ψ(3686)!π0π0J/ψ,	J/ψ!Ks0K±π∓			

Phys.	Rev.	D	91,	112018	(2015)	

Χc0	range	 Χc2	range	



ΧcJ!π0ηc	
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• Our	result, the	uplimit	at	90%	CL.	
B(χc0!π0ηc	)	<	1.6	×	10-3,	B(χc2!π0ηc	)	<	3.2	×	10-3	

• There	is	theore)cal	calcula)on	predict	that	

based	on	the	leading	order	of	QCD	mul)pole	expansion.	

• If	we	compare	with	our	previous	result	B(χc1!π+π-ηc	)	<3.2	×	10-3,	
	they	are	both	uplimit!measurement	with	more	data	is	needed.	

PRD	86,	074003(2012)	



Summary	
•  Result	from	four	analysis	are	reported	

"  B(Ψ(3686)!π+π-J/ψ)=(34.98±0.02±0.45)%	
"  B(Ψ(3686)!π0J/ψ)=	(1.26±0.02±0.03)×10-3	

				B(Ψ(3686)!ηJ/ψ)	=	(33.75±0.17±0.86)×10-3	

"  B(χc0!π+π-ηc	)	<	0.07%,	B(χc1!π+π-ηc	)	<	0.32%,	B(χc2!π+π-

ηc	)	<	0.54%	

"  B(χc0!π0ηc	)	<	1.6	×	10-3,	B(χc2!π0ηc	)	<	3.2	×	10-3	
•  More	precise	measurement	can	be	expected	with	total	

~450M	ψ(3686)	events	from	BESIII.	

•  Other	unobserved	hadronic	transi)ons	of	charmonium	can	
also	be	measured.	

"  hc!π+π-J/ψ,	PRL 69, 2337 (1992) 	

" Ψ(3686)!π+π-π0ηc, PRD 75, 011102 (2007)  	
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Back	up	slides	



Ψ(3686)!π+π-J/ψ@BESIII	

• By	further	reconstruc)ng	l+l-	pair,	
	B(J/ψ!ll)	are	measured.	The	
number	of	Ψ(3686)	is	not	needed.	

• B(J/ψ!e+e-)=	(5.983±0.007±0.037)%	
• B(J/ψ!μ+μ-)=	(5.973±0.007±0.038)%	
• B(J/ψ!e+e-)/		B(J/ψ!μ+μ-)=	

	 1.0017±0.0017±0.0033		
Agree	with	the	e-μ	universality	

J/ψ!e+e-	

J/ψ!μ+μ-	
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Measurement	of	hc(1P1)	in ψ’	decay	
inclusive	

16	

Ψ’!π0hc,		hc!γηc	,	ηc!anything	

M(hc)=3525.40±0.13±0.18	MeV	
Γ(hc)<1.44	MeV@90%	C.L.	

Ψ’!π0hc,		hc!anything	
Br(Ψ’!π0hc)=(8.4±1.3±1.0)	×	10-4	

Br(Ψ’!π0hc)×Br(hc!γηc	)	
=(4.58±0.40±0.50)	×	10-4	

Br(hc!γηc	)=(54.3±6.7±5.2)	%	

PRL	104,	132002(2010)	



Measurement	of	hc(1P1)	in ψ’	decay	
exclusive	
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Ψ’!π0hc,		hc!γηc	,	ηc!16		
Exclusive	modes	

M(hc)=3525.40±0.11±0.14	MeV	
Γ(hc)	=0.70±0.28±0.22	MeV		

PRD	86,	092009(2012)	


