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BEPCII: high luminosity double–ring collider

Work beam energy: 1.0-2.3 GeV
Design luminosity: 1.00×1033     cm-2s-1

Optimum energy: 1.89 GeV
Energy spread: 5.16 ×10-4
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BESIII detector
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Physics at BESIII
Light hadron physics:
-Meson spectroscopy
-Baryon spectroscopy
-Threshold effects
-Multi-quark states
-Glueball & hybrid 
-Two-photon physics
-Form factor of nucleon

Charmonium physics:
-Spectroscopy
-Transitions & decays

Charm physics:
-Decay constant of D+/Ds

+

-CKM matrix: Vcd,Vcs
-Form factor of fK/π(q2)
-D0D0 mixing and CP violation
-Rare decays

τ-QCD physics:
-τ mass and decays
-R values
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Data taken from: 2009
Achieved luminosity:  0.65×1033 cm-2s-1

Data taken at BESIII

2009:           106 M ψ(3686) and 225 M J/ψ

2010-2011: 2.9 fb-1 data at ψ(3770)

2011:           477 pb-1 data at 4.01 GeV

2012:           τ mass scan, 0.4 B ψ(3686) and 1 B J/ψ

Reported results are based on 106 M ψ(3686), 225 M J/ψ, 
2.9 fb-1 data at ψ(3770) and 477 pb-1 data at 4.01 GeV

2013:           0.5 fb-1 @ each of 4.26 and 4.36 GeV (XYZ)

2014:           2.4 fb-1 @ 4.17 GeV (Ds
+)

TBD:           More data @ ψ(3770)?
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Light hadron physics

pp threshold enhancement in J/ψ and ψ(3686) γpp

First observation of η(1405) f0(980)π0

Structures in ηη system via J/ψ γηη

ωφ threshold enhancement in J/ψ γωφ

New N* structures in ψ’ ppπ0

PWA of ψ’ ppη
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pp threshold enhancement in J/ψ γpp
First observed in 
J/ψ γpp at BESII

Confirmed in ψ’ π+π−J/ψ, 
J/ψ γpp at BESIII

PRL91(2003)022001 CPC34(2010)421
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Many possibilities: normal meson/pp bound state/ 
multiquark/glueball/Final state interaction effect(FSI)…

Spin-parity analysis is essential for probing for it’s nature
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PWA of J/ψ γpp at BESIII

PRL108(2012)112003

Spin-Parity: >6.8σ better than other assignments

Mass:

Width:
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The fit with a BW and S-wave FSI factor can well describe 
the structure. It is 7.1σ better than that without FSI.

JPC=0-+
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pp threshold structure in ψ’ γpp at BESIII

Significance of X(pp) is >6.9σ

Production ratio:
[ ]
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It is suppressed compared to “12% rule”

PRL108(2012)112003

Different shape is observed
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Anomalous lineshape of f0(980) in J/ψ γf0(980)π0

PRL108(2012)182001

 MeV/c 4.09.989M 2±=
 MeV/c 1.15.9 2±=Γ

 MeV/c 4.10.987M 2±=
 MeV/c 1.56.4 2±=Γ

90%CL @ MeV/c 8.11 2<Γ 2MeV/c 10040:PDG10 −

A possible explanation is KK* loop. Triangle singularity (T5) 
J.J.Wu, PRL108(2012)081803
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First observation of η(1405) f0(980)π0

PRL108(2012)182001
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BF for the isospin breaking decay
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BESIII, PRD83(2010)032003

Compared to

Simple a0-f0 mixing can 
not explain B[η(1405)]
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Improved B[η’ 3π] via J/ψ γπππ
PRL108(2012)182001
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B[η’ π0π0π0] is two times larger than the world averaged value
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ωφ threshold enhancement in J/ψ γωφ

BESII, PRL96(2006)162002

PWA of J/ψ γωφ at BESIII Preliminary

BESIII preliminary results

 MeV/c 181812M 219
26 ±= +

−

 MeV/c 2820105 2±±=Γ
JPC favors 0++ over 0-+ and 2++ Is X(1810) the f0(1710)/f0(1790) 

or new state?

J/ψ γωφ:DOZI
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Structures in ηη system via J/ψ γηη

BESIII, preliminary of PWA of J/ψ γηη

f0(1710) and f0(2100) are 
dominant scalars

f0(1500) exists (8.2σ)

f’2(1525) is dominant tensor

BESIII preliminary results

f0(1710) first observed in ηη system 
via J/ψ γηη by Crystal Ball (1982). 

LQCD predict: 0++, 1710±50±80 MeV

E835 (2006) find f0(1500) 
and f0(1710) in pp πηη

WA102 and GAMS all identify 
f0(1710) in ηη systemCrystal Barrel Collaboration (2002) 

found a 2++(1870 MeV) but no f0(1710). 
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Two new N* structures from PWA of ψ’ π0pp

arXiv:1207.0223, submitted to PRL

Non-relativeistic quark model 
is successful in interpreting the 
excited baryons

Predicted more excited states 

J/ψ and ψ’ provide ideal 
channels to search for the 
“missing resonance”

Two new N* structures are observed
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N* structures from PWA of ψ’ ηpp
BESIII, preliminary
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→
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First observe of isospin violating decay J/ψ ΛΣ0+c.c.

arXiv:1207.1201, submitted to PRD

90%CL

[×10-5]
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Charmonium physics

hc parameters

ηc(1S) parameters

Observation of ψ’ γηc(2S) 

First evidence for ψ’ γγJ/ψ

Measurements of χCJ decays

First evidence for ηc γγ
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Why ηc(1S) parameters is important?

The lowest lying charmonium, discovered in 1980 by MARKII

ηc(1S) parameters
- J/ψ radiative transition:
- γγ process:

 MeV/c 10 ~ 2Γ MeV/c 0.2978~M 2

 MeV/c 1.931.1 2±=Γ MeV/c 0.11.2983M 2±=

CLEOc found the distortion of ηc(1S) lineshape in ψ’ decays

cc hyperfine splitting: M(J/ψ)-M(ηc) is important experimental 
input to test LQCD.

PRL106(2011)159903
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Measurements of ηc(1S) parameters
PRL108(2012)222002

Interference with non-resonant is significant!

Relative phase φ values from each 
mode are consistent within 3σ.

use a common phase value in the 
simutanous fit.

 MeV/c 0.12.10.32 2±±=Γ
 MeV/c 6.06.03.2894M 2±±=

rad 08.007.040.2 ±±=φ
rad 09.003.019.4or ±±=
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Comparison of ηc(1S) parameters

Hyperfine splitting:  MeV/c 8.06.112M(1S) 2±=Δ

Consistent with B factory results in other production mechanisms

Agree with the LQCD expectation of ΔM(1S) 
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Why hc(1P) is interesting?

CLEOc observed hc in e+e-

ψ’ π0hc,hc γηc

Isospin forbidden transition

B(ψ’ π0hc)

E1 transition of hc

B(hc γηc)

Hyperfine splitting of the 1P 
states

First evidence for hc: 
E835, pp hc γηc E835, PRD72(2005)092004

More experiments will help to better understand hc
properties and calibrate the theoretical predictions

BESIII and CLEO performed more 
studies by inclusive method

BESIII, PRL104(2010)132002
CLEO, PRD(2011)032008

CLEO, PRL101(2008)182003



2012-08-25 24

hc in ψ’ π0hc,hc γηc,ηc exclusive decays
BESIII preliminary Signal in very clear in exclusive channel

Simultaneous fit to π0 recoil mass χ2/d.o.f=32/46
 MeV/c 25.028.070.0 2±±=Γ MeV/c 15.011.031.3525M 2±±=

Consistent with BESIII inclusive results PRL104(2010)132002

 MeV/c 14.027.021.3525M 2±±=
Consistent with CLEOc exclusive results PRL101(2008)182003.

 MeV/c 28.045.073.0 2±±=Γ MeV/c 18.013.040.3525M 2±±=
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Observation of ψ’ γηc(2S)

BESIII, arXiv:1205.5103. accepted by PRL

Combined fit to the two channels

 MeV/c 8.44.69.16 2±±=Γ MeV/c 6.19.26.3637M 2±±=
Branching fractions

-3
cc 10)3.02.03.1(π]KK(2S)B[η(2S)]γη'B[ψ ×±±=→×→

-4
c 10)5.41.18.6((2S)]γη'B[ψ ×±±=→ Input B[ηc KKπ] on PRD78(2008)012006

[Significance>10σ]

ηc(2S) was observed in 
other decay mechanism

The M1 transition ψ’ γηc(2S) has 
not been observed before

Experimental challenge: radiation γ with 
~50 MeV
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First evidence for ψ’ γγJ/ψ

Two photon transitions are 
well know in excitations of 
molecules, atomic hydrogen, 
and positronium.

Never been observed in 
quarkonium system.

Help to better understand 
heavy quarkonium spectrum 
and strong interaction.

PRL39(1977)1070, PRL50(1983)1258

BESIII, arXiv:1112.0942. submitted to PRL

Clear excess over BG+continuum

Significance for ψ’ γγJ/ψ: 3.8σ

B[ψ’ γγJ/ψ] and B[ψ’ γχCJ, χCJ γJ/ψ]

J/ψ μ+μ−J/ψ e+e−



2012-08-25 27

First evidence for ηc γγ
BESIII, arXiv:1208.1461. submitted to PRL

Significance for ηc γγ is 3.7 σ
6

CC 10)6.02.15.4(γγ]η,γηB[J/ψ −×±±=→→
4

C 10)7.07.06.2(γγ]B[η −×±±=→ Input B[J/ψ γηc] on PDG

Dot with error bars: data

Red dashed: J/ψ γηc, ηc γγ

Dark Red dashed: J/ψ 3γ

Green dashed: J/ψ γπ0/η/η’

Via ψ’ π+π−J/ψ, J/ψ γηc, ηc γγ

Improved B[J/ψ 3γ]
610)0.28.13.11(]3γB[J/ψ −×±±=→

ηc γγ and J/ψ 3γ have relative 
theoretical description. Measurements 
of their BFs provide fundamental tests 
on non-PQCD theory.

B[J/ψ 3γ]/B[J/ψ e+e−] provide a 
clean way to extract running coupling 
constant, which influences the 
prediction of QCD models.
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Measurements of χC0/2 γγ
PRD85(2012)112008

]χB[ ψ[B C0/21 →=

γγ]B[ χB C0/22 →=

γγ)(χΓ)(χΓ C0/2γγC0/2γγ →=

)(χ)/Γ(χΓf C2
2λ

γγC2
0λ

γγ0/2
===

)(χ)/Γ(χΓR C0γγC2γγ=

Lowest order (QED) predicts:
R=Γ(χC2 γγ)/Γ(χC0 γγ)=4/15=0.27

R vary from 0.09-0.36 with high order corrections

Can also measure the ratio of two 
helicity amplitudes for χC2 γγ

Measured Rs are consistent with the lowest order predictions
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Measurements of B[χCJ ΒΒ]

which are far lower than 
experimental measurement

Only color singlet model predicts:

Color Octet Model is introduced. Other 
BB rates can also be predicted

BESIII preliminary results [×10-5]
B[χC1,2 ΛΛ] are larger 

than the COM prediction

χC0 ΛΛ and ΣΣ are 
large violation of the 
helicity selection rule

Bup[χC1,2 ΣΣ] agree 
with the COM prediction

BESIII, preliminary



2012-08-25 30

BF [×10-5]

χC0 Σ(1385)Σ(1385) are 
large violation of the 
helicity selection rule

Bup[χC1,2 Σ(1385)Σ(1385)] 
agree with the COM 
prediction

90%CL

BESIII, arXiv:1207.5646, submitted to PRD

Measurements of B[χCJ ΒΒ]
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Search for χCJ π+π−ηc
BESIII, preliminary

Preliminary results on B[χCJ KKπππ] No clear signal for  χCJ π+π−ηc is 
observed. UL on BF is set at 90%CL
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Observation of e+e− ηJ/ψ at 4.01 GeV
BESIII, arXiv:1208.1857

First observe e+e− ηJ/ψ at 4.01 GeV

Assuming it arises from ψ(4040)

J/ψ μ+μ− J/ψ e+e− J/ψ μ+μ−

pb )3.18.21.32(]J/ψee[Born ±±=→−+ ησ

-310 )5.02.05.02.5(]J/ψ)4040(B[ψ ×±±±=→ η
90%CL @ 10 8.2]J/ψ)4040(B[ψ -40 ×<→ π
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Charm physics

Decay constant fD+ and Vcd from D+ μ+vμ

Form factor of fK/π(q2) from D0 K/π−e+ve

Search for FCNC decay of D0 γγ
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DD production at ψ(3770)

e-e+
D

D

X

Singly tagged D 
mesons can be fully 
reconstructed by 
hadronic modes

XDDN
XDNXDB
→×

→
=→

εtag

)()(

X denotes purely leptonic decays, semi-
leptonic decays ……
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6.203.377)υμN(D μ ±=→ ++6

D
10)002.0566.1(N -

tag
×±=

Purely leptonic decay of D+ μ+vμ

MBC(GeV/c2) M2
miss(GeV2)

2.9 fb-1 data 

+

+

+ ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−=→ ++

D2
D

2
l2

l
2

cd
2
D

2
F

μ m
m
m1m|V|f

8π
G)υμΓ(D

All strong interaction effects between 
the two quarks within the D+ meson is 
simply factorized by a parameter, decay 
constant fD+.

Preliminary

Preliminary
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Preliminary results on B[D+ μ+vμ] and fD+

4
μ 10)06.021.074.3()υμB(D −++ ×±±=→

Branching Fraction Decay constant
MeV )97.172.591.203(fD ±±=+

(Input τD+, mD+, mμ+ of PDG10 and Vcd of CKM-Fitter)
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Preliminary results on |Vcd|

005.0006.0222.0|V| cd ±±=

(Input τD+, mD+, mμ+ of PDG10 and fD+=207±4 MeV from LQCD [PRL100(2008)062002]
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0D

c

u

+e

eν

ds/

u
)( −− πK|| /dcsV

The strong interaction effects between 
the two quarks within the D0 meson is 
simply factorized by a parameter, the 
form factor fK/π(q2) 

)( 2
/ qfK

±
π

Semi-leptonic decay of D0 K/π−e+ve

6

D
10)001.0774.0(0

tag
×±=N

0.922 fb-1 data 

2223
3

2
cs(d)

2
F

dq
)υeK/ πΔΓ(D )(qfp

24 π
|V|G

2
e

0

+
→ =

+−

Preliminary
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Preliminary results

Branching fractions

Full data and fit to form factor fK/π(q2)

B [%] BESIII (0.922 fb-1) CLEOc (0.818 fb-1) PDG10
D0 K−e+ve 3.542±0.030±0.046 3.50±0.03±0.04 3.55±0.04
D0 π−e+ve 0.288±0.008±0.004 0.288±0.008±0.003 0.289±0.008

missmissmiss pEU −= missmissmiss pEU −=

0.922 fb-1 data 
D0 K−e+ve D0 π−e+ve
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Search for FCNC decay of D0 γγ

2.9 fb-1 data 

Preliminary

D0 γγ

N=-2.9±7.1

D0 π0π0

N=4081±117

30000 108.5)(/)( −×<→→ ππγγ DBDB @ 90% C.L.

Experiments BESIII BABAR CLEOc PDG11
Bup(D0 γγ) [×10-6] <4.6 <2.2 <8.63 <27

SM predicts: B[D0 γγ]~10-8 or less
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Summary
With world largest data of J/ψ, ψ(3686), ψ(3770) 

events…, many interesting results on light hadron
spectroscopy, charmoinium spectroscopy, and charm 
physics have been obtained at BESIII

New structures, phenomena, observations

Precision measurements of elementary parameters 
and decays

More data in hand, more interesting results in the 
future.
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Thank you!


