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Helicity	amplitude	

The	cross	sec>on:	
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Parameteriza8on	of	intermediate	states	

•  Zc	are	parameterized	with	constant	width	Breit-
Wigner	func>on	

•  For	ππ	S-wave,	we	u>lize	the	amplitude	from	
			ππ!ππ	and	KK!ππ	scaVering	experiment.	
			The	scaVering	amplitude	is	rewriVen	in	N(s)/D(s)	
form,	the	numerator	is	replaced	by	a	polynomial	
expansion		
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ππ	S-wave	parameteriza8on	
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Same	method	as	
CLEO:		Phys.	Rev.	D	84,	112009	(2011).	
BESIII:	BAM	168		



Finding	nominal	fit	
Fit	0:		Zc(3900)	fixed	
mass	and	width	

Fit	1:	one		Zc(xx)(Jp)	

Single	Zc(3900)	like	4260	data	can’t	well	fit	4420	
data	

Zc(3550)	give	be`er	fit	than	Zc(39xx),	
The	structure	contain	significant	1+	component	

Fit	2a:	one		Zc(xx)(1+)	+	
Zc(xx)(Jp)	

The	best	result	is	go`en	when	both	Zc	are	1+,	one	
of	them	has	mass	and	width	very	close	to	Zc(3900)	

Fit	2:	one		Zc(3900)(1+)	+	
Zc(xx)(Jp)	

Nominal	fit,	mass	and	width	of	Zc(3900)	are	fixed	
Another	Zc	has	mass	aroud	4020,	but	much	wider	

Fit	3:	one		Zc(3900)(1+)		+	
Zc(4020)(1+)	+	Zc(xx)(Jp)	

The	Jp	of	Zc(4020)	favors	1+,	addi8onal	states	are	
not	neede	
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Fit	0:	Fit	result	with	one	Zc(3900)		
-2LnL=-5198	
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Fit	1:	Fit	result	with	one	Zc(x)		

H0	
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Fit	1:	Fit	result	with	one	Zc(35xx)		
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Fit	1:	Fit	result	with	one	Zc(40xx)		
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Fit	2a:	fit	with	two	Zc	

J^p	of	Zc	of	H0	 δL(	H1-H0)	 Ndof	 significance	

0-	 52	 10	 8.6σ	

1+	 34	 10	 6.5σ	

1-	 47	 10	 8.0σ	

2+	 38.5	 10	 7.0σ	

2-	 28	 10	 5.6σ	

Compare	with	page	8,	Likelihood	ra>o	test	shows	that	the	1+	component	is	significant.	

H1	
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Fit	2:	nominal	fit	result	with	two	Zc	

Scan	plot	of	mass	and	width	of	
Second	Zc	

H0	
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The	mass	and	width	of	Zc(3900)	are	fixed,		
The	mass	and	width	of	second	Zc	are	free	in	the	fit	



The	completeness	of	fit	2	
•  Completeness:	The	components	in	fit	2	are	all	significant,	no	

other	states	are	needed.	

•  The	fit	with	Zc(3900)(1+)+Zc(40xx)(1+)+Zc(40xx)(JP),	the	mass	
and	width	of	all	states	beside	Zc(3900)	are	free	in	the	fit.	

H1	

The	significance	of	1+	over	other	Jp	assump>on	for	Zc(40xx)	

The	significance	of	extra	Zc	states	with	different	Jp	assump>on	 13	



The	completeness	of	fit	2	

•  The	significance	of	π+π-		D-Wave	(f2(1270))is	
2.7σ		

•  Fit	2	compare	with	fit	1	!The	significance	of	
Zc(3900)	is	6.4σ		

•  Fit	2	compare	with	fit	0!The	significance	of	
Zc(4020)	is	7.6σ	
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The	logic	
Fit	0:		Zc(3900)	fixed	
mass	and	width	

Fit	1:	one		Zc(xx)(Jp)	

Single	Zc(3900)	like	4260	data	can’t	well	fit	4420	
data	

Zc(3550)	give	be`er	fit	than	Zc(39xx),	
The	structure	contain	significant	1+	component	

Fit	2a:	one		Zc(xx)(1+)	+	
Zc(xx)(Jp)	

The	best	result	is	go`en	when	both	Zc	are	1+,	one	
of	them	has	mass	and	width	very	close	to	Zc(3900)	

Fit	2:	one		Zc(3900)(1+)	+	
Zc(xx)(Jp)	

Nominal	fit,	mass	and	width	of	Zc(3900)	are	fixed	
Another	Zc	has	mass	aroud	4020,	but	much	wider	

Fit	3:	one		Zc(3900)(1+)		+	
Zc(4020)(1+)	+	Zc(xx)(Jp)	

The	Jp	of	Zc(4020)	favors	1+,	addi8onal	states	are	
not	neede	

-5198	

-5218	

-5286	

-5285	
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The	projec8on	of	fit	2	

Real	data	 Fit	result	
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Destruc>ve	
interference	



The	projec8on	of	fit	2	
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Fit	frac8on	
•  The	fit	frac>on	is	calculated	by	the	MC	integral	of	the	cross	

sec>on	of	intermediate	process	and	the	total	cross	sec>on.	

The	interference	table	of	fit	2	
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Dalitz	plot	of	Four	dominant	states	
Zc(3900)	

Zc(4020)	

S0ππ	

S1ππ	
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Dalitz	plot	of	Four	dominant	states	
Zc(3900)	&	S0ππ		 Zc(3900)	&	S1ππ		

Zc(4020)	&	S0ππ		 Zc(4020)	&	S1ππ		
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Another	m(π+π-)	parameteriza8on
•  Three pipi S-wave components are used. σ1, f0(980), σ2 
•  The σ1 : The bump at the lower threshold of m(ππ) 

•  f0(980) is parameterized with flatte formula: fixed to BESII’s 
measurement Phys.Lett. B607 (2005) 243-253 

•  σ2 : The bump at higher threshold of m(ππ) 
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q	is	the	four	momentum	of	the	dipion	system	
|q|	is	the	magnitude	of	space	part	of	q



Fit	result	with	alterna8ve	m(π+π-)	
parameteriza8on		

Fit	result	with	different	Jp	assump>on	

The	interference	table	of	fit	
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Fit	result	projec8on	with	alterna8ve	
m(π+π-)	parameteriza8on		

Real	data	 Fit	result	

23	



Dalitz	plot	of	Four	dominant	states	
Zc(3900)	

Zc(4020)	

σ(600)	

N-Shifman	Model	
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Dalitz	plot	of	Four	dominant	states	
Zc(3900)	&	σ(600)	 Zc(3900)	&	NS	model	

Zc(4020)	&	σ(600)	 Zc(4020)	&	NS	model	
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Goodness	of	the	fit	
•  We	use	the	Mixed-Sample	Method	used	in	BAM278.	

I(I,k)=1	if	the	neighbor	are	from	same	sample	
I(I,k)=0	if	the	neighbor	are	from	different	sample		
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Goodness	of	the	fit	
•  The	expected	mean	value	of	T	if	two	samples		have	same	

distribu>on	

•  The	expected	variance	of	T	if	two	samples		have	same	
distribu>on	

•  We	generate	MC	sample	according	to	fiVed	result.	Then	
separate	them	into	300	samples.	Then	compare	them	with	
real	data.	

•  The	pull	distribu>on	of	T	should	be	a	standard	distribu>on	if	
these	samples	have	same	distribu>on.	
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The	pull	distribu8on	of	T	

The	distance	is	defined	on	dalitz	plot	
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Fit	1	 Fit	2	

The	distance	is	defined	on	dalitz	plot	
+	4	angular	distribu8on	

Fit	1	 Fit	2	

The	mean	of	the	pull	of	fit2	
Is	closer	to	zero.	So	Fit	2	is	
Be`er	than	fit	1,	especially	
For	the	dalitz	plot	fit	quality	



The	χ2	check	at	different	m(ππ)	range	
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Fit	1	

The	three	numbers	in	each	box	are	χ2,	Ndof.	and	χ2/Ndof	



The	χ2	check	at	different	m(ππ)	range	
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Fit	2	



Systema8c	uncertainty	

•  π+π-	S-Wave	parameteriza>on.	Instead	of	using	
the	scaVering	amplitude.	We	use	three	Breit-
Wigner	like	structure.	The	difference	is	taken	
as	systema>c	uncertainty.	

•  The	influence	of	π+π-		D-Wave.	The	significance	
of	f2(1270)	is	2.7σ,	the	result	difference	when	
f2(1270)	included	is	taken	as	systema>c	
uncertainty	
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Systema8c	Uncertainty	

•  The	J/ψ	signal	range	and	sideband	range	is	
varied,	the	difference	is	taken	as	systema>c	
uncertainty.	

•  The	barrier	factor.	The	radius	of	centrifugal	
barrier	is	varied	between	0.5fm	and	1.5fm.	

•  Mass	and	width	of	Zc(3900)	are	varied	with	
their	uncertainty.	
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Systema8c	Uncertainty	

•  The	resolu>on	and	filng	effect	(I/O	check):	We	use	the	same	
300	MC	samples	to	perform	the	fit.	Then	compare	the	input/
output	value.	The	mean	difference	is	taken	as	uncertainty.		
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Summary	of	the	systema8c	uncertainty	
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Last	result	
•  Mul>plying	the	frac>on	by	the	cross	sec>on	of	
				e+e-	!π+π-J/ψ,	

			we	get	the	cross	sec>on	of	intermediate	
process.	
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Summary	

•  The	nominal	fit	contain	a	Zc(3900)	and	a	Zc(4020).	
The	Jp	of	Zc(4020)	is	1+,	the	width	

			is	much	wider	than	that	observed	in	π+π-hc.	
			The	detailed	value	is	shown	in	previous	table.	

•  We	show	the	detailed	interference	plot	between	
different	states.	

•  The	goodness	of	fit	are	performed	
•  I/O	check	are	performed	
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