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X(3872)	



X(3872)	Mass	

3870.6 3870.8 3871 3871.2 3871.4 3871.6 3871.8 3872 3872.2 3872.4

BaBar

CDF

Belle

LHCb

New W.A.

)0)+M(D*0M(D

New W.A. 3871.62 +- 0.16 
X(3872) mass measurements

“B.E.”=3 ± 193 keV 

3871.61±0.16±0.19	MeV	

~6K	events	

~600	events	

3871.95±0.48±0.12	MeV	

CDF	PRL	1003	152001	

LHCb	EPJ	72	1972	

"	

MX(3872)	is	indis'nguishable	from	mD0	+	mD*0	

3871.69±0.09	MeV	

PDG14:	3871.69±0.12	



X(3872)	“Binding	Energy”	

the better it is measured, 
the closer it is to zero 

Is	this	a	“coincidence?...	
or	is	the	data	telling	us	something?	

MX(3872)	–	(mD0	+	mD*0)	



Thresholds	may	be	interes'ng	



Look	at	light	baryon	thresholds	

baryon-an'baryon:							
						2	S-wave	threshold	states:													 B	

B	

_	 B	
B	

_	
JPC=1--	 JPC=0-+	

e+e-	!	BB	 J/ψ	(ψ’)	!	γBB	

_	 _	



e+e-	!	pp,	nn	(ΛΛ) near	threshold	_	
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C	=	Coulomb	correc'on	



e+e-	!	pp,	nn	(ΛΛ)	near	threshold		_	
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e+e-	!	pp,	nn	(ΛΛ)	near	threshold	_	
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e+e-	!	pp,	nn	(ΛΛ)		near	threshold	_	 _	 _	
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σ(e+e-	!	pp)	threshold	data	_	

σ(e+e-	!	pp)	_	 |Geff|	

BESIII	preliminary	
BESIII	preliminary	



σ(e+e-	!	pp,	nn)	threshold	data	_	 _	

c)#

, MeVc.m.E
1880 1900 1920 1940 1960 1980 2000 2020

cr
os

s 
se

ct
io

n,
 n

b

0.4

0.6

0.8

1

1.2
Babar

CMD-3
SND	

no sign of σ∞β	roll-off  
no sign of σ∞β	increase  

e+e-	!	pp	_	
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						(e+e-	!	pp)	!	isotropic??		

CMD-3	(Mpp	<2000	MeV)	

dσ
dΩ

(|GM(0)|/|GE(0)|!1	??)	

_	

β<0.35	

BESIII	preliminary	



e+e-	!	γ*!	ΛΛ	at	threshold	

_	



Λ	 Λ	

_	
p	

p	_	

π+

π-
Beam	pipe	

Tracking	volume	

vacuum	

a	ΛΛ	threshold	event	in	BESIII	

_	

for:		Λ	!	pπ-	and	Λ	!	pπ+	_	_	

1	π+	&&	1	π-	with	p≈100	MeV/c	
at	least	1	track	from	r≈3cm	

KEp≈6 MeV 



BESIII	sees	events	like	this	
Ecm	=	2mΛ	+	1	MeV	



Λ	 Λ	

_	
p	

π-
Beam	pipe	

Tracking	volume	

vacuum	

a	(Λ!pπ-)Λ(!nπ0)	threshold	event	in	BESIII	

_	

for:		Λ	!	pπ-	(or	nπ0	)	and	Λ	!	nπ0	_	_

n	_	

γ γ

ECL:	EM			
calorimeter	

1	π0	!	γγ		p≈100	MeV/c	
1	n	shower	in	the	ECL	
nchg≤2	

distinct shape 
for n annihilations _	

_Ecm	=	2mΛ	+	1	MeV	

_	

n	



BESIII	e+e-	!	ΛΛ	measurements		

conventional analyses 
  at higher energies 

two methods 
are consistent 

Ecm	=	2mΛ	+	1	MeV	

_	

2mΛ+9	MeV	 2mΛ+409	MeV	 2mΛ+689	MeV	



Cross	sec'on:	e+e-	!	γ*!ΛΛ		
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no sign of σ∞β fall-off 
(β<0.03)	



Effec've	'me-like	form-factor	of	the	Λ

€ 

Geff (m)  =
3m2σΛΛ 

4πα 2β 1+1 2τ( )

???? 



Is	the	Coulomb	factor	reliable?	
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BB	threshold	measurement	prospects		
Data	“in	the	can”	

-		under	analysis	-	



e+e-	!	ΛcΛc	analysis	near	comple'on	

_	

- Large	Q-values	in	(e.g.	Λc!	pKπ:		Q~700	MeV)	facilitate	threshold	measurements	
							angular	distribu'on	measurements	are	feasible	

- Belle	saw	large	threshold	enhancement	
						in	e+e-	!	γisr	ΛcΛc	measurements	

_	

BESIII	 data							

Λc	

Λc	

_	

	2mΛc	+	1	MeV	!	



0-+	pp	system	_	



0-+	pp	system	

p	
p	_	

JPC=0-+	

J/ψ	(ψ’)	!	γBB	

_	

_	
Discussed yesterday in Tianjue Min’s talk 



J/ψ	!	γ	pp	at	BESII	_	

0.0	 0.1	 0.2	 0.3	

BESII		PRL	91,	02001	(2003)	



J/ψ	!	γ	pp	at	BESIII		(PWA)	_	

BESIII		PRL	108,	112003	(2012)	

M=1832±5+19	±19	MeV	-17	

Γ=13±20+11	±4	MeV	-33	

JPC=0-+	

FSI	included:	A.	Sibirtsev	et	al,	PRD71,	054010	(2005)	



“protononium:”	a	pp	bound	state?		

pp!glue!mesons	_	

pp!pp	_	 _	S-wave annihilation 

“fall-apart” decays 

2mp	

“BE” 

G.J.	Ding	&	M.L.	Yan		Phys.	Rev.	C	72,	015208	
_	



X(1835)!π+π-η’		with	58M	J/ψ	decays	
(BESII)	

7.7σ 

BESII	PRL	95,	262001	(2005)	

BESII	observa-on	of	X(1835)	in		

€ 

J ψ →γ π +π − ʹ η 

€ 

m =1833.7 ± 6.8 MeV

58M	J/ψ	events	

X(1835)	
“BE”≈ 40 MeV 

2mp	



X(1835)!π+π-η’	with	225M	J/ψ	decays	

BESIII	observa-on	of	X(1835)	in		

2mp	 225M	J/ψ	events	

∞|1+cos2θ| 
consistent with JPC=0-+ 

J/ψ	
θγ	

γ	

π+π-η’	

? 

BESIIi	PRL	106,	072002	(2011)	

€ 

m =1836.5 ± 6.3 MeV

X
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X
(2

37
0)

 



What are the new structures? 

PRD73,014516(2006)	Y.Chen	et	al	

0-+:	2560(35)(120)	
2++:	2390(30)(120)	

#  first resonant structures observed 
----in the 2.3 GeV region: 

    -LQCD predicts that the lowest –lying           
-----pseudoscalar glueball: around 2.3 GeV 

     -J/ψ!η’π+π- is a good decay      
 channel-for finding 0-+ glueballs.  

#   X(2120)/X(2370) possibilities:  
     -pseudoscalar glueball ?  
    -η/η’ radial excitations?  

PRD82,074026,2010  J.F. Liu, G.J. Ding and M.L.Yan  
PRD83:114007,2011  (J.S. Yu, Z.-F. Sun, X. Liu, Q. Zhao)  

way above threshold, but narrow (Γ≈80 MeV)!! 



X(1835)!π+π-η’	with	1.1B	J/ψ	events	
(BESIII)	

1.1B	J/ψ	events	

2mp	
2mp	



Fla~e	formula	fit:	

Fit results: 

€ 

gpp 
2

g0
2 = 2.31± 0.37

X coupling to pp 

X coupling to 
everything else 

_ 

‘	

S.M.	Fla~e	PLB	63,	224	(1976)	‘	



Two-resonance	fit	

2nd resonance (X(1870)): 
M2= 2mp - 6.3±3.2 MeV 
Γ2 = 13.0 ±6.7 MeV 

1st resonance (X(1835)): 
M1= 1825.3 ±2.4+17.3  MeV 
Γ1 = 245 ±16 MeV 

-2.4 



X(1835)!π+π-η’	with	1.1B	J/ψ	events	

1.1B	J/ψ	events	

2mp	
2mp	

BESIII	Phys	Rev	Le~	117,	042002	(2016)	



X(1835)	in	other	channels	

BESIII	arXiv:1506.04807	[hep-ex]	
BESIII	PRD	88,	091502	(2013)	

2mp	
2mp	

€ 

J ψ →γ 3(π +π −)

€ 

J ψ →γ KS
0KS

0η

€ 

m =1842.2 ± 4.2−2.6
+7.1  MeV

€ 

m =1844 ± 9−25
+16  MeV

PWA:	JPC=0-+	

225M	J/ψ	events	

1.1B	J/ψ	events	



Comments	
$ 	The	X(3872)	mass	is	right	at	the	D0D*0	threshold	

$ the	be~er	it	is	measured,	the	closer	it	is	
$ coincidence	or	physics?	
$ mo'vates	studies	of	other	S-wave		thresholds		

$ 	Peculiari'es	in	1-	-	pp	&	ΛΛ	at	threshold	
$ need	for	be~er	data,	closer	to	thresholds	
$ and	other	channels		
$ and	theory	(especially	for	Coulomb	correc'ons)	

$ Strong	case	for	a	0-+	pp	bound	state	
					in	J/ψ!γpp	&	π+π-η’		

$ need	simultaneous	mul'-channel	analysis	

MX(3872)	–	(mD0	+	mD*0)	

_	

_	

_	
_	

_	 σ(e+e-!	ΛΛ)	_	

Μ(π+π-η’)	

2mp	

J/ψ!γ	π+π-η’		



Thresholds	may	be	interes'ng	



…or	maybe	not!	



감사합니다	

  どぅも  ありがとぅ

Thank you 

謝謝	
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Υ(1S,2S)!ΛΛ+X	

M(ΛΛ)-2mΛ	

--	Data	
--	MC	

Belle	preliminary	


