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BESIII



Beijing Electron Positron Collider (BEPCII)

Design luminosity: 1 x 1033 cm-2s-1
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BEPCII: a high luminosity double–ring collider

SC RF

Beam magnets

Luminosity: 1 x 1033 cm-2s-1 @  1.89 GeV
CM Energy: 2 – 4.6  GeV Uses 93 bunches

and SC mini-beta.



BESIII Detector

Be beam pipe

1 T SC magnetMagnet Yoke

CsI(Tl) calorimeter:
δE = 2.5% at 1 Gev

TOF:
80 ps - barrel

RPC
9 layers

1 m

MDC: δp/p = 0.58%, 
dE/dx ~ 6% at 1 GeV Int. J. Mod. Phys. A24, 

377 (2009)
NIM A614, 345 (2010)
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BESIII
• Hawaii members:

– Mihajlo Kornicer: Χc1 → ηππ, η’ππ and τ mass 
studies

– Tao Luo: τ mass studies 
– Gary Varner

• Data sets (started from 2008):
– 1.25 B J/Ψ events
– 125 M Ψ(3668) events
– 2.9 fb-1 at Ψ(3770) for D physics
– 500 pb-1 at 4.009 GeV
– XYZ – 2.4 fb-1

– Now doing R scan from 3.8 GeV to 4.6 GeV; then more 
XYZ running
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Introduction to charmonium
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Standard Model
Standard Model particles 
are made of quarks, leptons, 
and the force carriers.  
Visible matter:

p = uud n = udd
π+ = ud π- = ud
D+ = cd D- = cd

Particles made of 2 or 3 
quarks.

BEPCII operates in the 2 –
4.6 GeV energy region so it 
can study the lighter quarks 
(u, d, c, and s) and the 
leptons.  “τ – charm factory”



Charmonium
• Charmonium is one of the 

simplest bound states in 
QCD.

• Charge zero.
• Like positronium in QED.
• Classify using JPC.
• Match to n2S+1LJ quark 

model states:
J = L + S
P = (-1)L+1

C = (-1)L+S

JP = ½+

BESIII has studied these.
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Introduction to Charmonium

Potential Models
(tuned using lowest 
mass states)

How to predict masses?

experiment
theory
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Introduction to Charmonium
A more fundamental
approach: Lattice QCD

experiment
Potential model
Lattice
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Charmonium spectrum below open charm

Only J/ψ and ψ′ produced directly in e+ e- collisions, but states
below ψ′ produced through radiative and hadronic transitions.  
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XYZ States

Many charmonium states 
predicted by potential 
models and LQCD.  Many 
have been found.

XYZ states not predicted by potential models.
What are they?



XYZ States       (EPJ C71, 1534 (2011))
First XYZ



XYZ States       (EPJ C71, 1534 (2011))

• Most discoveries by B factory experiments.
• Many states not confirmed.
• Produced indirectly by ISR production or B decay.
• Still a puzzle after 10 years.
• Much theoretical interest.
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Charmonium Production Processes
• e+e- annihilation

• B decay

• ISR 
• e+e- radiate one or 
more photons.
• Measure σ over 
range of energies.

• 2 photon
• even spin mesons
• anti glueball filter.

c

c

e+

e-

High luminosities at B factories allow
use of ISR and 2 photon processes.

b

q

c
c

s
B

(*)Kq

W

ce-

e-e+ c
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Belle (1998 - 2010)
(1998 - 2008)

e+e-

Experiments

BESIII
(2009 - )    

Belle II (2016? - )



X(3872)

Belle, PRL 91, 
262001(2003)

• Observed first by Belle in 
2003 in B± → K ±(π+π-J/Ψ)
• Confirmed by CDF, D0, and
BaBar
• Belle and BaBar observe   
X(3872) → γJ/Ψ: C = +
• CDF and LHCb determine 

JP = 1+

M = 3871.68 ± 0.17 MeV/c2

Γ < 1.2 MeV



X(3872)

Belle, PRL 99, 
182004 (2007)

Belle    

Dec. 2003Belle’s most cited paper



Y(4260)
BaBar, PRL 95, 
142001 (2005)

BaBar, PRD 86, 
051102 (2012)

Belle, PRL 99, 
182004 (2007)

Belle    

JPC = 1-- since produced in ISR



X(3872) and Y(4260)
• Not only don’t X(3872) and  Y(4260) fit in normal 
quark model, they decay to π+π-J/Ψ even though they 
are above DD-bar threshold.

• New XYZ era has generated much excitement and many, 
many theoretical papers.  Some theoretical ideas for 
Y(4260):
– DD* bound state [NPA815, 53 (2009)].
– J/Ψ f0 bound state (with KK →ππ) [PRD80, 094012 (2009)].
– Tetraquarks (or two diquarks) [PRD72, 031502 (2005)].
– Hadrocharmonium [PLB666, 215 (2008)].
– Hybrid charmonium [PLB628, 215 (2005), PRD78, 094505 (2008), 

PLB625, 212 (2005)].

See Xiang Liu, arXiv:1312.7408 for a recent list of 
references.



BESIII does XYZ



BES III
• On Dec. 14, 2012, 
BESIII began running 
with a CM energy of 4260 
MeV.  Produce Y(4260) 
directly.

Data used for 
Zc(3900) paper

• Data collection 
continued around 
Y(4260) and Y(4360) 
until June.  Much more 
data collected.
• Provides excellent 
opportunities to 
understand XYZ 
particles.
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Y(4260)

Data: 525 pb-1 at 4260 MeV
Select e+e- → π+π-J/Ψ, J/Ψ
→ l+l- events.

1477 events found.

Born cross section, (62.9 ±
1.9 ± 3.7) pb, consistent with 
production of Y(4260).

BESIII
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Zc(3900)
BESIIIStructure observed in the π± J/Ψ mass spectrum: 

e+ e-→ π Zc(3900) π- (π+J/Ψ) +c.c.

N(Zc(3900)) = 307 ± 48
M(Zc(3900)) = 3899.0±2.8±1.4 MeV;
Γ(Zc(3900)) = 46±10±20 MeV

• Suggestive of a state containing more than just a C 
and C-bar quark.  (π+ = ud,  J/ψ = cc)
• PRL 110, 252001 (2013)   with > 100 citations
• Was on top of APS Physics Highlights of 2013
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Zc(3900)
Studies at B factories found 
unconfirmed/controversial structures in 
π±Ψ(3686), Z±(4430), [Belle, PRL 100, 
142001 (2008); BaBar, PRD 79, 112001 (2009)]
and π±Χc1, Z1

± (4050) and Z2
±(4250),

[Belle, PRD 78, 072004 (2008); BaBar, PRD 85, 
052003 (2012)] systems. 

Luckily, the Zc(3900) was confirmed 
by Belle [PRL 110, 252002 (2013)] in ISR 
Y(4260) production and by Kam Seth 
[PLB 727, 366 (2013)] using 586 pb-1 of 
CLEO data taken at a CM energy of 
4170 MeV.

π± J/Ψ

π± J/Ψ

Zc(3900) first confirmed 
charged charmonium state.

π+ χc1Belle

Belle

CLEO data
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BESIII

Zc(4020)
e+ + e- → π+π- hc, hc → γηc,
ηc → 16 exclusive states

• Narrow structure near (D*D*)+

threshold in π± hc mass:
e+ e-→ π Zc(4020) π- (π+hc ) +c.c.

M(Zc(4020)) = 4022.9±0.8±2.7 MeV;
Γ(Zc(4020)) = 7.9±2.7±2.6 MeV
JP = 1+ assumed 

• No significant Zc(3900) observed. 
PRL 111, 242001 (2013)
24 citations

Belle π+π- J/Ψ
BESIII π+π- hc

C. Z. Yuan, arXiv:1312.6399

• Measure cross sections at 13 
energies.

• Very different than π+π- J/Ψ
cross section.
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Zc(4025)

e+e-→ π- (D*+D*0)+ + c.c.
BESIII

D+ π0

D0π0

• Partial reconstruction:
detect π-, D+, and one π0

• 827 pb-1 of data at 4.26 GeV
• Born cross section, (137 ± 9 ± 15) pb K-π+π+

• Structure observed in mass recoiling from π- : 
e+e-→ π-Zc(4025)+ π- (D*D*)+ + c.c.

M(Zc(4025)) = 4026.3±2.6±3.7 MeV/c2;
Γ(Zc(4025)) = 24.8±5.6±7.7 MeV
JP = 1+ assumed 
Loosely bound D*D* system?

σ(e+e-→ π-/+Zc(4025)+/- π-/+(D*D*)+/-)
σ(e+e-→ π-/+(D*D*)+/-)

Submitted to PRL;   arXiv1308.2760

e+e-→ πZc(4025)

= (65 ± 9 ± 6)%



e+e-→ π- (D+D*0) + c.c.
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BESIII

Zc(3885)

• Partial reconstruction:
detect π and final state D

• 525 pb-1 of data at 4.26 GeV
• Born cross section, (83.5 ± 6.6 ± 22) pb

e+e-→ π+ (D0D*-) + c.c.
K-π+

or

K-π+π+

• Structure observed near DD* threshold in mass 
recoiling from π: 

e+e-→ π+Zc(3885)- π+(DD*)- + c.c.
M(Zc(3885)) = 3883.9±1.5±4.2 MeV/c2;
Γ(Zc(3885)) = 24.8±3.3±11.0 MeV



• Structure prefers JP = 1+

• Assuming Zc(3885) and Zc(3900)
same:
Γ(Zc(3885) → DD*))
Γ(Zc(3900) → πJ/Ψ))

1+

1-

0-

e+e-→ π- (D+D*0) + c.c.
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BESIII

Zc(3885)
e+e-→ π+ (D0D*-) + c.c.

K-π+

or

K-π+π+

PRL 112, 022001 (2014)

= 6.2 ± 1.1 ± 2.7
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Zc Summary
R

(%)
M(Zc)

(MeV/c2)
Γ(Zc)
(MeV)

Zc(3885) e+ e- → π+/- Zc
-/+

→ π+/- (DD*)-/+
3883.9 ± 1.5 ± 4.2 24.8 ± 3.3 ± 11

Zc(3900) e+ e- → π+/- Zc
-/+

→ π+ π- J/Ψ
21.5±3.3±7.5 3899 ± 3.6 ± 4.9 46 ± 10 ± 20 

Zc(4020) e+ e- → π+/- Zc
-/+

→ π+ π- hc

18 4022.9 ± 0.8 ± 2.7 7.9 ± 2.7 ± 2.6

Zc(4025) e+ e- → π+/- Zc
-/+

→ π+/- (D*D*)-/+
65 ± 9 ± 6 4026.3 ± 2.6 ± 3.7 24.8 ± 5.6 ± 7.7

R=Γ(e+e- → Zcπ → π f.s.)/Γ(e+e- →π f.s.)

At least two states.
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X(3872)
BESIII

e+e-→ γX(3872) γπ+π-J/ψ

• So far X(3872) only observed in B decays and hadron
collisions.
• Since JPC = 1++, should be able to see Y(4260) radiative
decay to X(3872): 

• Combine data at 4.009, 4.229, 4.26, 
and 4.36 GeV:

M(X(3872)) = 3872.1±0.8±0.3 MeV
[PDG: 3871.68 ±0.17 MeV]

• X(3872) from radiative Y(4260) 
decay?
• Accepted by PRL;   arXiv1310.4101



1/27/2014 37

XYZ Transitions
BESIII

Have measured a number 
of transitions.
Many other analyses 
underway.
More data at other 
energy points this year.
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Where are we?



Theory:
Theorists have been very busy, and many explanations have 
been offered for the X(3872), Y(4260), and now the Zcs: 
tetraquarks, molecular states (DD* bound state), 
hadrocharmonium, hybrid charmonium, etc.  I will only show 
a couple of results here.

1.)  Actually the Zc states were predicted based on Zb
structures observed by Belle at 10610 and 10650 MeV/c2

in Υ decays and using the Initial Single Pion Emission 
mechanism (ISPE).  Initial state here is charmonium.

D.Y. Chen and X. Liu, PRD 84, 034032 (2011).



ISPE mechanism:

Initial Single Pion Emission mechanism. 

intermediate D*D* states
intermediate DD* states

Zc(3900) Zc(4020)



Theory:
• Many of the states are near thresholds (DD*, 
D*D*, etc), so molecules and other 4-quark states 
popular. 

u

c c
d

Hadrocharmonium



2.) Voloshin proposes that Y(4260) and Y(4360) are 
mixtures of two states of hadrocharmonium, one 
containing a spin triplet heavy quark pair and the 
other containing a spin singlet pair. 
• Predicts line shapes:

X. Li and M.B. Voloshin, arXiv:1309.1681 (2013)

Fit to BESIII 
hcππ data

Theory:
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Theory:

C. Wang, C. Hanhart, and C. Zhao, arXiv:1303.6355

3.) Wang, Hanhart, and Zhao propose Y(4260) is a 
DD1(2420) DD1(2420) molecule.  Suggests Z (3900) 
is a DD* + DD* molecular state.  Both box diagram 
and Zc(3900) contribute to peak.

See Xiang Liu, arXiv:1312.7408 for a recent list of 
references.
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Where are we?

1.) What are X(3872), Y(4260), and Zc states?
2.) Are they 4-quark states?  
3.) Are they resonances?  Cusps? Dynamic effects?
4.) Is there a universal explanation for XYZs?

Do we understand everything now?
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Summary
• BESIII has begun XYZ physics running at and around 

the Y(4260). 
• The Zc(3900) is the first confirmed charged 

charmonium-like state. 
• Other processes have led to other narrow Zc states.
• These have generated a lot of theoretical interest.
• However more experimental results are needed to 

understand the physics.
• BESIII is working on this.
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Thank you
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