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Outline

Ø What	is	XYZ	state?

Ø BEPCII	and	BESIII.

Ø Measurements	of	cross	sections	of	hadron	processes
q Measurements	of	cross	sections	of	e+e- →	ϕK+ K- and	K+K- K+K-
q Observation	of	resonant	structure	in	the	line	shape	of	cross	section	of	e+e- →	η'	ϕ

Ø Summary	and	Outlook
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What	is	XYZ	states?
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X	states:	charmonium-like	states	with	

Y	states:	charmonium-like	 states	with

Z	states:	charmonium-like	states	contained	at	
least	a	cc	and	a	light	qq pair

Ø Below	open-charm	threshold:
q Good	agreement	between	discovery	and	

theoretical	prediction.

Ø Above	open-charm	threshold:
q Some	new	states:	with	charmonium in	

final	states.	(Charmonium-like	 or	XYZ)

𝐽RS ≠ 1UU

𝐽RS = 1UU



Y(4260)	and	Y(2175)
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𝒆[𝒆U → 𝒀(𝟒𝟐𝟔𝟎) ü 𝜼𝑱 𝝍⁄ü 𝜼′ 𝑱 𝝍⁄

ü 𝑲[𝑲U𝑱 𝝍⁄

ü 𝝅[𝝅U 𝑱 𝝍⁄

𝒆[𝒆U → 𝒀(𝟐𝟏𝟕𝟓) ü 𝜼𝝓𝜼′𝝓

𝑲[𝑲U𝝓

ü 𝝅[𝝅U𝝓

𝑒[𝑒U → 𝑌(4260) → 𝜋𝑍p → 𝜋𝜋𝐽/𝜓

𝑒[𝑒U → 𝑌(2175) → 𝜋𝑍s → 𝜋𝜋𝜙



Y(4260)
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Phys. Rev. Lett. 118, 092001 

Phys. Rev. Lett. 96, 162003 

Phys. Rev. D 91, 112005 Phys. Rev. D 94, 032009 

𝜓(4160)

Phys. Rev. D 86, 051102(R) Phys. Rev. Lett. 99, 182004 



Y(2175)
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Phys. Rev. D 80, 031101(R) 

Phys. Rev. D 77, 092002 Phys. Rev. D 91, 052017 Phys. Rev. D 80, 031101(R) 

Phys. Rev. Lett. 100, 102003 Phys. Rev. D74, 091103(R) 



Y(2175)
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Y(2175)
v The	states	with	𝑱𝑷𝑪 = 𝟏UUinclude	ϕ(2170),	 	ρ(2150)	and	so	on.ϕ(2170)	is							

interpreted	as	a	𝒔𝒔|𝒈 hybrid;	a	𝟐𝟑𝑫𝟏𝒔𝒔| state;	or	a	𝒔𝒔|𝒔𝒔|	tetraquark state.	

v Theorists	have	predicted	a	neat	resonance	peak	around	2.150	GeV in	the	
three-meson	system	ϕK+K-(the	solid)	.	Experimental	data	is	from	BABAR	
Collaboration.
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Phys.	Rev.	D	78,	074031

𝑒[𝑒U → 𝑌(2175) → 𝜙𝑓�(980) → 𝜙𝐾[𝐾U



Y(2175)
v Theorists	have	studied	different	decay	modes	of	Y(2175)	as	shown	in	the	table.	

So	we	want	to	distinguish	these	theory	modes	by	measuring	cross	section	line	
shape	of	e+e-→ϕ η‘.
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Phs.	Lett.	B	657,49	(2007)



Observation	of	ϕ	(2170)⟶ϕη’
ØFrom	232fb-1 of	BABAR	data,	signal	of	e+e-→γISR ϕη' are	observed.
Because	of		the	low	statistics,	no	further	study	is	carried	out.

Ø The	following	result	is	from	𝑱/𝜓⟶ηϕη’	process.(Yunfei Long)
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Beijing	Electron	Positron	Collider	II
[BEPCII]
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ØEbeam:	1.0~2.3	GeV

ØDouble	ring:	e+ and	e-

ØMulti-bunch:	93

ØPeak	Luminosity:	
1.0×1033		cm-2s-1 @3770GeV
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BeiJing Spectrometer	III
[BESIII]

2017-10-20 12

ØMDC:	(He/C3H8 =	60/40)	
üσxy=130μm,	dE/dx~6%
üσp/p	=0.5%	at	1GeV

ØTOF:	(Plastic	scintillator)
üσtime(barrel)=80ps
üσtime(endcap)=110ps

ØEMC:	(Csl(Tl)	crystal)
üσE/E(barrel)=2.5%	at	1GeV
üσE/E(endcap)=5%	at	1GeV

ØSC	magnet:	(B	=	1T)

ØRPC	μ Counter:	(μ/π PID)
üBarrel:	9	layers
üEndcaps:	8	layers
ü σspatial =2.0	cm
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Physics	at	BESIII
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ØCharmonium spectroscopy	and	decays:
üTest	of	QCD:	(γ/ππ/η/π0)transitions;
üStudies	of	XYZ	states;

ØLight	hadrons:
üHadron spectroscopy;
üSearch	“exotic”	hadrons:	
guleball,	hybrid,	tetraquarks…

ØCharm	physics:
üCKM	matrix,	semi-leptonic decay;
üDecay	constants	f_D and	f_Ds;
üD0-D0 mixing,	CP	violation;

ØR-QCD:
üR	measurement;
üτ-physics;
üForm	factor	of	hadrons.	
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Data	samples	at	BESIII
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(225+1086)×106
(106+350)×106

2.9	fb-1

XYZ:	5+3.8	fb-1
R-scan:	800pb-1ØR-scan:

√s	=	2.000-3.080GeV:	~650	pb-1

τ-scan:	
24	pb-1

孙艳坤博士论文开题报告



Measurements	of	cross	sections	of	
hadron	processes

1. Data	sets	and	MC	simulation

2. Observation	of	ϕ	(2170)→	η'	ϕ

3. Study	of	e+e- → ϕ K+K-

4. Study	of	e+e- →	K+K-K+K-
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Data	sets	and	MC	simulation
1.		BOSS665p01.
2.	R-scan	data	sets:	(	2015)

3.	100K Signal	MC	by	“ConExc”	at	each	energy	point.

16

√s	(GeV) Lum.	(pb-1)

3.080 126.185

3.020 17.290

3.000 15.881

2.981 16.071

2.950 15.942

2.900 105.253

√s	(GeV) Lum.	(pb-1)

2.800 1.008

2.700 1.034

2.6464 34.003

2.6444 33.722

2.500 1.098

2.396 66.869

√s	(GeV) Lum.	(pb-1)

2.3864 22.549

2.3094 21.089

2.2324 11.856

2.200 13.699

2.175 10.625

2.150 2.841

√s	(GeV) Lum.	(pb-1)

2.125 108.49

2.100 12.167

2.050 3.343

2.000 10.074
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Observation	of	ϕ(2170)→	η'	ϕ
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Event	selection	(η'→π+π-γ, ϕ→	K+K-)
• Good	Charged	Track:

|Vz|	<	10.0	&&	|Vr|<	1.0	&&	|cosθ|<0.93;		
NGood ==3||4;		(To	improve	statistics:	Missing	one	Kaon.)	

• PID	with	dE/dx	and	TOF:
Pion:			prob_π	>prob_K &&	prob_π>prob_p;

N(π+)=N(π-)	=	1;
Kaon:			prob_K>prob_p &&	prob_K>prob_π;

At	least	one	Kaon are	indentified:	
N(K+)=N(K-)	=	1;		or		N(K+)=1	&&	N(K-)	=	0;		or		N(K+)=0	&&	N(K-)	=	1;	

• Good	Photon:
Ebarrel>25MeV;	Eendcap>50MeV;		0≤Time	≤	14(Unit	50ns);	
Nγ≥	1.

• Vertex	fit	(π+π-K±).
• 1C	kinematic	fit (π+π-K±γ):	χ21C(K+K-K±γ)	<	20;
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@2125MeV:	L=108.49pb-1

192017-10-20

(1) χ21C(K+K-π+π-γ)	<	20;

(2)|M(K+K-)-Mϕ|<0.015GeV/c2;
(3)E(γ)>0.07GeV/c2;

Factor	=	0.29

There	is	no	peaking	background.	We	can	
get	the	number	of	signal	events	by	fitting	
invariant	mass	distribution.

After	ϕ selection
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202017-10-20

Fitting	Method

Signal	region	is	between	red	lines;
Sideband	region	are	between	blue	lines.
Factor2	=	1.02

(1) χ21C(K+K-π+π-γ)	<	20;

(2)|M(K+K-)-Mϕ|<0.015GeV/c2;	
(3)E(γ)>0.07GeV/c2;

(3)η'	Fitting	:	
Signal:	 MC	shape	⊗Gaussian;
Background:	2rd Poly;
N=267.7	± 22.2
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σ(e+e-→ϕη'): with	η'→π+π-γ
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There	is	a	significant	structure	
at	2.2	GeV.



Systematic	uncertainty
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ØLuminosity
l Measured	by	large	angle	Bhabha events,	BAM-157	and	BAM-218

ØTracking	
l Control	sample	K+K-π+π- at	3.08GeV and	2.90GeV

ØPID	efficiency	
l Control	sample	K+K-π+π- at	3.08GeV	and	2.90GeV

Økinematic	fit
l Estimated	by	correcting	tracking	parameters	,	parameters	from		

BAM-229

Ø 𝟏+ 𝜹 = (𝟏 + 𝜹)𝑰𝑺𝑹×(𝟏+ 𝜹)𝑽𝑷
l Line	shape	iteration:	difference	between	last	two		iteration
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Systematic	uncertainty

232017-10-20

Ø Fitting	procedure
l Signal	shape:

Ø MC	shape⊗	Gaussian(free)→MC	shape	⊗	Gaussian(fixed+1σ)
l Fitting	range:	

Ø [0.85,	1.05]→[0.80,	1.10]	GeV/c2
l Background	shape

Ø 2th	polynomial	→ 3th polynomial

ØMass	window	of	ϕ
l |M(K+K-)-Mϕ|<0.015GeV/c2	→ |M(K+K-)-Mϕ|<0.020GeV/c2	

ØEnergy	of	gamma
l E(γ)≥0.07GeV→ E(γ)≥0.06GeV
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Systematic	uncertainty
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ØPhoton	efficiency
l From	the	job	of	Jake	and	Gao	Xinlei

ØBranch	ratio
l PDG2014,	about	2.0%

ØMC	statistic
l Calculated	by	the	following	format

Take	2.125	GeV	as	an	example,	we	calculate	
the	total	systematic	uncertainty.	
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Systematic	uncertainty
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In	this	table,	we	calculate		systematic	uncertainty	at	all	of	
energy	points.	



Fit	of	cross	section	line	shape

26

ØSignal:	a	phase-space	modified	
Breit-Wigner	function:	

ØBackground:	phase-space	
contribution:	 ( )PS s

2 2| ( ) | | ( ) ( ) |iA s PS s e BW sφ= + ×
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𝒔𝒊𝒈𝒏𝒊𝒇𝒊𝒄𝒂𝒏𝒄𝒆 = 	𝟏𝟐. 𝟒𝟕𝝈,	first	observation!



Study	of	e+e- →	ϕ K+K-
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Event	selection
• Good	Charged	Track:

|Vz|	<	10.0	&&	|Vr|<	1.0	&&	|cosθ|<0.93;		
NGood ==3||4;		(To	improve	 statistic	uncertainty:	Missing	one	Kaon.)	

• PID	with	dE/dx and	TOF:
Kaon:			prob_K>prob_p&&	prob_K>prob_π;
At	least	three	Kaons	are	indentified:	
N(K+)	=	N(K-)	=	2;		or		N(K+)	=	2	&&	N(K-)	=	1;		or		N(K+)=1	&&	N(K-)	=	2;

• Vertex	fit	(K+K-K±).

• 1C	kinematic	fit (K+K-K±):	(	χ21C(K+K- K±)	<	20 )
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Signal	extraction@3080MeV

29

(1) χ21C(K+K-K+K-)	<	20;

(2)	ϕ(1020)	Fitting	:	
Signal:	P-wave	BW⊗	Gaussian;
Background:	Argus;

N=1690.8± 50.1

2017-10-20 孙艳坤博士论文开题报告



30

Upper	Limit	of	ϕK+K-

2017-10-20

Ø Normalized	likelihood	value	distributions	versus	the	number	of	signal	events.
Ø The	upper	limit	determined	by	finding	out	the	number	of	signal	events	corresponding	to	90	%	of	

the	likelihood	distribution.
孙艳坤博士论文开题报告

𝑠 = 2.800𝐺𝑒𝑉 𝑠 = 2.700𝐺𝑒𝑉 𝑠 = 2.500𝐺𝑒𝑉

𝑠 = 2.150𝐺𝑒𝑉 𝑠 = 2.100𝐺𝑒𝑉 𝑠 = 2.050𝐺𝑒𝑉



Weighted	MC@3080MeV

31

ü The	method	of	event-by-event	weight	is	
applied	 for	M(K+K-)	from	ϕ𝐾[𝐾U. The	
weight	factor	obtained	by	calculating	the	
ratio	of	the	number	of	signal	events	from	
data	and	MC	bin-by-bin.	

ü Raw_MC from	𝑒[𝑒U → ϕ𝐾[𝐾U (PHSP).
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𝑀 𝐾[KU − 1.01946 ≤ 0.015GeV

After	𝝓 selection	



Cross	section:	σ(e+e-→	ϕK+K-)

32

ØStructure	around	2.23	GeV?
(Same	behaviors	in	BABAR	results)
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Systematic	uncertainty
(For	Cross	section	Measurement	of	e+e-→	ϕK+K-)	
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Study	of	e+e- →	K+K- K+K-
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Event	selection(K+K- K+K- )
• Good	Charged	Track:

|Vz|	<	10.0	&&	|Vr|<	1.0	&&	|cosθ|<0.93;		
NGood ==3||4;		(To	improve	statistic	uncertainty:	Missing	one	Kaon.)	

• PID	with	dE/dx and	TOF:
Kaon:prob_K>prob_p&&	prob_K>prob_π;
At	least	three	Kaons are	indentified:	
N(K+)	=	N(K-)	=	2;		or		N(K+)	=	2	&&	N(K-)	=	1;		or		N(K+)=1	&&	N(K-)	=	2;	
Momentum(Kaon_PID)<=0.8*P_beam (To	veto	Bhabha events)

• Vertex	fit	(K+K-K±).		(The	number	of	signal	from	fitting	recoil	kaon.)
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Signal	extraction@3080MeV

36

(1) χ2vertexfit(K+K-K±)	distribution;

(2)	K_Missing Fitting	:	
Signal:	MCShape⊗	Gaussian;
Background:	
Chebyshev Polynominal;

N=3693.7±73.1
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Comparison	of	Momentum
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Upper	Limit	of	K+K-K+K-
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𝑠 = 2.800𝐺𝑒𝑉 𝑠 = 2.700𝐺𝑒𝑉 𝑠 = 2.150𝐺𝑒𝑉

𝑠 = 2.100𝐺𝑒𝑉 𝑠 = 2.050𝐺𝑒𝑉 𝑠 = 2.000𝐺𝑒𝑉

Ø Normalized	likelihood	value	distributions	versus	the	number	of	signal	events.
Ø The	upper	limit	determined	by	finding	out	the	number	of	signal	events	corresponding	to	90	%	of	

the	likelihood	distribution.
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ØStructure	around	2.23	GeV?
(Same	behaviors	in	BABAR	results)

Cross	section:	σ(e+e-→ K+K-K+K-)
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Systematic	uncertainty
(For	Cross	section	Measurement	of	e+e-→	K+K-K+K-)	
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Summary	and	Outlook

41

vWith	R-scan	data	sets	[2.0,	3.08]GeV,		we	search	for	new	decay	
mode	of	Y(2175).
q The	process	e+e- →	η'	ϕ is	observed		for	the	first	time.	Possible	structure	
around	2.2GeV	is	observed	in	the	cross	section	line	shape.	Because	the	
mass	is	close	to	be	2.175	GeV,	it	may	be	from	Y(2175).

q Measurements	of	cross	sections	of	e+e- →	ϕK+ K- and	K+K-K+K- ,	we	only	
observe	an	enhancement	near	threshold	in	the	line	shape	of	cross	section.

v Next	to	do	:	Improve	and	complete	the	result	of	these	analysis,	
prepare	the	paper	publication	and	thesis.
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Talks

42

1) Observation	of	e+e- →	η'	ϕ
§ Workshop	in	Spring	of	2017,	Mar.	15-18,	SUN	Yat-Sen	University,	

Guangzhou,	Guangdong
§ BESIII	Collaboration	Meeting	in	Winter	of	2016,	November 12-16,	IHEP,	

Beijing

2) Measurements	of	cross	sections	of	e+e- →	ϕ K+K- and	K+K-K+K-
• The	BESIII	Collaboration	Summer	Meeting	2016,	June	13-17	,Central	China	

Normal University(CCNU),Wuhan,	Hubei

3) Study	of	e+e- →	ϕ K+K-
• BESIII	Collaboration	Meeting	in	Winter	of	2015,	December	12-16,	IHEP,	

Beijing
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Backup
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X	states	at	BESIII
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𝒆[𝒆U → 𝜸𝑿(𝟑𝟖𝟕𝟐)→ 𝜸𝝅[𝝅U 𝑱 𝝍⁄

𝒆[𝒆U → 𝝅[𝝅U𝑿(𝟑𝟖𝟐𝟑) → 𝝅[𝝅U𝜸𝝌𝒄𝟏

𝒆[𝒆U → 𝝅[𝝅U𝑿(𝟑𝟖𝟐𝟑) → 𝝅[𝝅U𝜸𝝌𝒄𝟐

Phys. Rev. Lett. 115, 011803Phys. Rev. Lett. 112, 092001



Y states
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Phys. Rev. D 86, 051102

Phys. Rev. Lett. 99, 182004 

Phys. Rev. Lett. 118, 092001 

e+e−→ ηJ/ψ

e+e−→π+π−J/ψ
e+e−→π+π−J/ψ

e+e−→π+π−J/ψ



Z	states	at	BESIII
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Phys. Rev. Lett. 115, 112003 Phys. Rev. Lett. 110, 252001 Phys. Rev. Lett. 113, 212002 Phys. Rev. Lett. 111, 242001 

Phys. Rev. Lett. 115, 222002 Phys. Rev. Lett. 112, 132001 Phys. Rev. Lett. 112, 022001 Phys. Rev. Lett. 115, 182002 

𝒁𝒄(𝟑𝟗𝟎𝟎)± 𝒁𝒄(𝟑𝟗𝟎𝟎)𝟎 𝒁𝒄(𝟒𝟎𝟐𝟎)± 𝒁𝒄(𝟒𝟎𝟐𝟎)𝟎

~6.0σ>10σ

> 5σ 

> 8.9σ 

>12 σ

10.4 σ

> 8σ 
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Observation	of	e+e- →	η'	ϕ

孙艳坤博士论文开题报告

From	the	multiplicity	of	charged	particles,	we	can	improve	statistics	of	signal	
events.
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Observation	of	e+e- →	η'	ϕ@2.125	GeV

After	ϕ selection

Plot	1:	Signal	to	noise	ratio;	
Plot	2:	𝜒ÉSÊ distribution	from	MC	samples,	data	and	inclusive	MC.

(1) χ21C(K+K-π+π-γ)	<	20;

(2)			|M(K+K-)-Mϕ|<0.015GeV/c2;
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Observation	of	e+e- →	η'	ϕ@2.125	GeV
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Observation	of	e+e- →	η'	ϕ

Momentum(γ)≤0.05GeV

孙艳坤博士论文开题报告

χ21C(K+K-π+π-γ)	<	20;
|M(K+K-)-Mϕ|<0.015GeV/c2;
|M(π+π-γ)-Mη’|<0.015GeV/c2;

The	low	energy	gamma	is	mainly	from	ISR,	in	order	to	veto	these	background	events	,	
we	require	E(γ)>0.07GeV.
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Observation	of	e+e- →	η'	ϕ
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Study	of	e+e- →	ϕ K+K- @3.080	GeV
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Source Method Value	(%)
Luminosity* Measurement of	large	angle	Bhabha events 1.0
Tracking* Control	sample:	e+e-→K+K-π+π- 1.0×3
PID Control	sample:	e+e-→K+K-π+π- 1.5×3

Kinematic	 fit* Track parameter	correction 1.4
ISR	factor Line	shape	iteration:	<1.0%	between	two		iteration 0.1

Background	shape ARGUS	function	→ (m	- ma)c	× (mb -m)d 0.0
Signal	shape	 P-wave BW	⊗	Gaussian→MC	shape	⊗	Gaussian 0.7
Fitting	range [0.99,	1.080]→[0.99,	1.095]	GeV/c2 0.1

Branching	ratio* PDG2014 1.1

Efficiency Difference	of	efficiency	between		ϕK+K- and	weighted	MC 5.7
MC Statistics	of	MC	simulation 0.2
Others Trigger, Start	time,	FSR 1.0
Total Quadratic	sum	of	the	individual uncertainties 8.3
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Study	of	e+e- →	K+K-K+K-@2.125	GeV
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Momentum(Kaon_PID)≤0.8*P_beam(0.85GeV)		
(To	veto	Bhabha events)

Before	Cutting	Momentum

After	Cutting	Momentum

2017-10-20 孙艳坤博士论文开题报告



54

Study	of	e+e- →	K+K-K+K-

2017-10-20

Ø Two dimensional distributions of E/p ratio and momentum from
identifiedkaons,which is fromMC sample:ϕK+K-.

Ø Momentum cut has no effect onMC efficiency.
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