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BESIII 
detector 

LINAC 

2004: started BEPCII upgrade, 
            BESIII construction 
2009 - now: BESIII physics run    

 Beijing Electron Positron Collider (BEPC) 

beam energy: 1.0 ς 2.3 GeV           

e+ 

e- Å1989-2004  (BEPC):  

            Lpeak=1.0x1031 /cm2s  

Å2009-now (BEPCII):    

       Lpeak= 1.0 x1033/cm2(4/5/2016) 
t-charm Physics 



               TOF 
BTOF: two layers 
ETOF: Ą MRPC 
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BESIII Detector 
               MDC 
 

 

 

 

R inner: 63mm ;  

R outer: 810mm  

Length: 2582 mm  

Layers: 43   

      CsI(Tl) EMC 
 

 

 

 

 

Crystals: 28 cm(15 X0) 

Barrel: |cosq|<0.83 

Endcap: 

    0.85 < | cosq| < 0.93 

               RPC MUC 
 
 
 
 
 

BMUC: 9 layers ς 72 modules 
EMUC: 8 layers ς 64 modules 

Installation completed  
in Oct., 2015 
60ps (120ps) 

Inner chamber 
replaced by  
CGEM is ongoing 
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Physics at t - charm Energy Region 

Á Rich of resonances: charmonia, charmed mesons, charmed baryons 

Á Threshold characteristics (pairs of t, D, DsΣ Χύ -- low BG at threshold, 
high X-section -- indirect probe of NP 

Á Transition between pQCD and non-pQCD 

Á Energy location of the new forms of hadrons 

2 GeV 3 GeV 4 GeV 5 GeV 



Â Conventional hadrons consist of 2 or 3 quarks 

   Naive Quark Model  

 

Â QCD predicts the new forms of hadrons: 

ωMulti -quark states ̔ Number of quarks >̗ 4  

 

 
 

ωHybrids ̔    qqğ qqqg Χ 

ωGlueballs ̔    gğ  ggg Χ 

 

 

New forms of hadrons 

g 

g g 

g 

Goal of BESIII: establishing these new forms of hadrons  



Charmonium spectroscopy 

ÅCharmonium states below  
     open charm threshold are  
     all observed 
 
Above open charm threshold: 
 
Åmany expected states not  
     observed 
Åmany unexpected observed 

X(3872)  

XYZ(3940)  

X(3915)  
X(4160)  
Y(4008)  
Y(4140)  
Y(4260)  
Y(4360)  
X(4350)  
Y(4660)  

Z(4430)  
Z(4250)  
Z(4050)  
Z(3900)  

X(3860) 



Charmonium decays provide ideal hunting ground  
for light glueballs and hybrids 
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ÅάDƭǳƻƴ-ǊƛŎƘέ ǇǊƻŎŜǎǎ 

Å  Clean high statistics data  

      samples from e+e-   

      annihilation 

Å  I(JPC) filter in strong decays  

     of charmonium 



Precision measurement of CKM elements 
-- Test EW theory  
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' CKM matrix  

Three generations of quark?   Unitary matrix? 

Expected precision < 2% at BESIII 

BESIII + B factories + 
LHCb + LQCD 

         Precision measurement of CKM matrix elements  
                        -- a precise test of SM model 
                           New physics beyond SM? 9 

CKM matrix elements are fundamental SM parameters that describe 
the mixing of quark fields due to weak interaction.  

BESIII + B factories + 
LHCb + LQCD 



Lc measurement at BESIII 

c 

u 
d 

s c 
Strange baryons  (ɽ[uds]) 

mu, md Ғ Ƴs Ą (qqq)  uniform 

Charmed baryon   (ɽc[udc]) 

mu, md << mc Ą diquark + quark 
                                (qq)          (Q) 



Nucleon Form Factor 

Σ ɽ ɽ 

Space-like: 
FF real Time-like: 

FF complex 

¸Fundamental properties of the nucleon 
ü Connected to charge, magnetization distribution 
ü Crucial testing ground for models of the nucleon internal 

structure 
ü Necessary input for experiments probing nuclear structure, 

or trying to understand modification of nucleon structure in 
nuclear medium 

¸ Can be measured from space-like processes (eN) (precision 1%) 
      or time-like process (e+e- annihilation) (precision 10%-30%) 

eN Ą eN 



Status of BESIII 



Japan (1) 
 

Tokyo Univ. 

US (4) 
 

Univ. of Hawaii 
Carnegie Mellon Univ.  

Univ. of Minnesota  
Univ. of Indiana 

 

Europe (16) 
 

Germany: Univ. of Bochum,  
Univ. of Giessen, GSI 

 Univ. of Johannes Gutenberg 
Helmholtz Ins. In Mainz, Univ. of Munster 

Russia: JINR Dubna; BINP Novosibirsk  
Italy: Univ. of Torinŏ Frascati Lab, Ferrara Univ. 

Netherland̔ KVI-CART/Univ. of Groningen 
Sweden: Uppsala Univ.  

Turkey: Turkey Accelerator Center 
UK: Oxford Univ., Univ. of Manchester 

China(37) 
IHEP, CCAST, UCAS, Shandong Univ.,  

Univ. of Sci. and Tech. of China 
Zhejiang Univ., Huangshan Coll., Shanghai Jiaotong Univ.  

Huazhong Normal Univ., Wuhan Univ., Xingyang Normal Univ. 
Zhengzhou Univ., Henan Normal Univ., Hunan Normal Univ. 

Peking Univ., Tsinghua Univ. , Beijing Inst. of Petro-chemical Tech. 
Zhongshan Univ.,Nankai Univ., Beihang Univ. 

Shanxi Univ., Sichuan Univ., Univ. of South China 
Hunan Univ., Liaoning Univ., Univ. of Sci. and Tech. Liaoning  

Nanjing Univ., Nanjing Normal Univ., Southeast Univ. 
Guangxi Normal Univ., Guangxi Univ. 
Suzhou Univ., Hangzhou Normal Univ. 

Lanzhou Univ., Henan Sci. and Tech. Univ. 
Jinan Univ., Fudan Univ.  

Korea (1) 
 

Seoul Nat. Univ. 

Pakistan (2) 
 

Univ. of Punjab 
COMSAT CIIT 

~ 450 members 
 from 64 institutions in 14 countries  

BESIII Collaboration 
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Mongolia  (1) 
 

Institute of Physics and 
Technology 

India  (1) 
Indian Institute of Technology 



BESIII data samples 
4040 

0.5 fb-1 

4230+4260 
1.9 fb-1 

4360 
0.5 fb-1 

4420 
1 fb-1 

4600 
0.5 fb-1 

World largest  J/y,  y(2S), y(3770), y(4160ύΣ ¸όпнслύΣ Χ   
~threshold production in e+e- collisions 

3.5/fb in 4.2-4.3 GeV, 500/pb at each energy 
J/y data taking in this run 
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J/y 
1.3x109 

yΩ0.5x109 

y(3770) 
2.9 fb-1 

2175 
0.1 fb-1 

~130 points for R Scan (~1.3 fb-1) 

4160 
3 fb-1 



Recent/selected BESIII physics highlights 

ÅHadron spectroscopy 

ïXYZ 

ïLight hadron 

ÅLc absolute branching fractions 

ÅDs decay constant 
 



Y(4260) 



No place for Y(4260) in QM spectrum 

)or    ( /ISR

-+-+-+-+ ­­ mmyppg eeJ/ɣJee

233 fb-1 

> 8 s 

y(2S) Y(4260) 

Y(4260) was first observed by BaBar 

eV  0.15.5                 
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Overpopulation of 1-- state. 

PRL 95 (2005) 142001 

S-wave states: J/y, yΩΣ y(4040), y(4415) 
P-wave states: y(3770), y(4160). 

http://www.slac.stanford.edu/BFROOT/BABAR.html


Y(4260) is confirmed by Belle, CLEOIII and BESIII 
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-+-+-+-+ ­­ mmyppg eeJ/ɣJee

13.3 fb-1 CLEOIII data @ Õs=10 GeV  

Y(4260) 
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:         Y(4260): e+e-­ p+p-J/y  

PRL110, 252001 (2013) 525/pb @4.26 GeV 
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Y(4260): e+e-­ p+p-hc(1P) 

Å827 pb-1 at Ecm=4.26 GeV; 544 pb-1 at Ecm=4.36 GeVΤ Χ 
 

Åhc­ghc, hc ­hadrons [16 exclusive decay modes] 
üp p̀, p+p-K+K-, p+p-p p̀, 2(K+K-), 2(p+p-), 3(p+p-)  
ü2(p+p-)K+K-, KS

0K+p-+c.c., KS
0K+p-p+p-+c.c., K+K-p0  

üp p̀p0, K+K-h, p+p-h, p+p-p0p0, 2(p+p-)h, 2(p+p-p0)  

Ecm=4.26 GeV Ecm=4.36 GeV 

hc(1P) hc(1P) 

 BESIII̔ PRL 111, 242001 (2013) 



Cross section measurement in  
different processes at BESIII 



Cross section measurement of e+e- Ą˖ c̝J 
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Ç hƴƭȅ ˖˔c0 has significant signal 
Ç The cross section is fitted with coherent sum of a  BW and  
     a phase space term 
 
Ç The mass and width are compatible with the Y observed in  
      ̄ +̄ -Wκ˕ ŀƴŘ  e+e- Ą +̄̄ -hc  

PRL 114, 092003 (2015) 



Cross section measurement of e+e- Ą +̄ -̄Wκ˕ 
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Phys. Rev. Lett. 118, 092001 (2017)  

ÇCoherent sum of two BW-like structures + one incoherent ̞ (3770) 
üM = (4222.0±3.1±1.4) MeV,    ɱ Ґ όппΦм±4.3±2.0) MeV  

           Lower and narrower than previous Y(4260) PDG values 
üM = (4320.0±10.4±7) MeV,     ɱ Ґ όмлмΦп±25±10) MeV  
  a little bit lower than Y(4360) PDG value 

ÇCompared with one BW fit,  the sig. of the second BW is тΦсˋ 
ÇY(4260) + Y(4360) ?  The first observation of Y(4360)Ą +̄̄ -Wκ˕Κ 



Cross section measurement of e+e- Ą +̄ -̄˕Ω 
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Ç Cross section of e+e-
Ą

+̄̄ - (̞3686) has been measured at 16   
     energy points from 4.008 to 4.600 GeV.  
Ç Solid curve: binned c2 fit with 3 coherent BWs -- Y(4220), 
     Y(4360) and Y(4660)); dashed curve: 2 coherent BWs. 
Ç A clear bump around Y(4360), consistent with the results 
    from Belle and BaBar, but with much improved precision  

Phys. Rev. D 96, 032004 (2017)  

Y(4220): 5.8 s 



Cross section measurement of e+e- Ą +̄ -̄hc 
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ÇFitted with coherent sum of two BW-like structures  

Ç The Y(4220) here is consistent with the state observed in  
     ̄ +̄ -Wκ˕ ŀǊƻǳƴŘ пнннaŜ±     

Phys. Rev. Lett., 118, 092002 (2017) 



Cross section of  

ÅReconstruct D0 Ą K-p+ 

ÅFind another p+    
Å1.9 <                                              <  2.1 GeV  
  
 





Masses and widths of vector charmonium states  
observed in different processes at BESIII 



Z states 



BESIII 

Significance  
>8 s 

ÅM = 3899.0°3.6°4.9 MeV 
ÅG = 46°10°20 MeV 
Å307 ° 48 events 

BESIII: PRL110, 252001 (2013) 

 Zc
+(3900) in e+e- Ą Y(4260) Ą p+p-J/y  

_ 

30 

ωDecays to cc
has cc 
ωCharged  
ωAt least has 

4 quarks 



Zc(3900) 
Tag p-D+ Zc(3885) 

Zc(4020) Zc(4025) 

Å4 charged ZcΩǎ at BESIII  
PRL110, 252001 (2013) 

PRL112, 022001 (2014)   

PRL 111, 242001 (2013) 

PRL 112, 132001 (2014)  



12.6̀  

Zc
0(3900) in e+e-

Ą p0p0J/y Zc
0(4020)Ąp0hc  in e+e- Ąp0p0hc 

PRL, 113, 212002 (2014)  

PRL115,182002(2015) 

PRL,115,112003(2015) 

PRL 115, 222002(2015) 

Neutral Zc(3900),Zc(3885),Zc(4020) 



Summary of ZcΩǎ at BESIII 
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Determination of Jp of Zc(3900)  
from e+e- Ą ̄ + -̄Wκ˕  

34 

ÇAmplitude analysis with helicity formalism  
ÇSimultaneous fit to data samples at 4.23GeV and 4.26GeV  
Ç

+̄̄ - ǎǇŜŎǘǊǳƳ ƛǎ ǇŀǊŀƳŜǘŜǊƛȊŜŘ ōȅ ˋΣ Ŧ0(980), f2(1270) and f0(1370) 

4.23GeV 

4.26GeV 
PRL 119, 072001 (2017) 

Jp of Zc favor 1+ with 
statistical significance 
larger ǘƘŀƴ тΦоˋ over 
other quantum 
numbers. 



Light hadron spectroscopy from 
charmonium decays 
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- Any relations? 
- What is the role of the ppbar threshold (and 

other thresholds)? 
- Patterns in the production and decay modes 

f1(1285) 

(́1405) 
X(1870) 

J/y­g hΩpp J/y­gpp 
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Connection is emerging 

X(1835)  JPC=0 -- +  

PRL 108, 112003 (2012) 
PRL 115, 091803 (2015)  

Phys. Rev. Lett. 106, 072002 (2011)  

 PRL 117, 042002 (2016)  



PDG2014 

ÅTotal BFs < 65% 
ÅLarge uncertainties, most larger than 20% 
ÅMost BFs are measured relative to Lc­pKp 



PRL 116, 052001 (2016)  

ST yields 

DT yields 

Signal Tag Variable : 

Almost background free 

500 pb-1 @ 4.6 GeV 



ÅStraightforward and model independent 

ÅA least square global simultaneous fit :      [CPC 37, 106201 (2013)] 
 

Results of 12 CF hadronic BFs 

PRL 116, 052001 (2016)  



Not a direct 
measurement! 

Phys. Lett. B 269, 234 (1991). 

Phys. Lett. B 323, 219 (1994). 

PDG 2015 

Theoretical calculations on the BF ranges from 1.4% to 9.2% 


