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ĈOpen Charm decays 
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Physics of Ű-charm region 
Charmonium physics:    

   - Spectroscopy  

   - transitions and decays  

 Light hadron physics:   

   - meson & baryon spectroscopy   

   - glueball & hybrid   

   - two-photon physics  

   - e.m. form factors of nucleon  

Open Charm physics:   

   - (semi)leptonic + hadronic decays 

   - decay constant, form factors  

   - CKM matrix: Vcd, Vcs   

   - D0-D0bar mixing and CP violation  

   - rare/forbidden decays  

Tau physics:   

   - Tau decays near threshold  

   - tau mass scan  

éand many more.  

ľHydrogen atom of QCDò 
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Facilities forŰ-charm physics 

ĈHadron colliders (huge cross-section, energy 

boost) 

ĈTevetron (CDF, D0) 

ĈLHC (LHCb, CMS, ATLAS) 

Ĉe+e- Colliders (more kinematic constrains, clean 

environment, ~100% trigger efficiency) 

ĈB-factories (Belle, BaBar) 

ĈThreshold production (CLEOc, BESIII) 
ĈQuantum correlations and CP-tagging are unique 

ĈRatio of signal to background is optimum 

ĈLots of systematic uncertainties cancellation while applying 
double tag method 
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Beam energy:  

     1.0-2.3 GeV 

Design Luminosity:  

     1¦1033  cm-2s-1 

Optimum energy: 

     1.89 GeV 

Energy spread: 

     5.16 ¦10-4 

No. of bunches: 

      93 

Bunch length: 

     1.5 cm 

Total current:  

      0.91 A 

Circumference  

      237m 

BEPC II Storage ring: Double ring 
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The BESIII Detector 

Be beam pipe 

    

  SC magnet, 1T 
Magnet yoke  

  MDC, 120 mm  

  CsI(Tl) calorimeter, 2.5 %@ 1 GeV 

TOF, 90ps   

RPC 

A total weight of 

730t, ~40000 

readout channels, 

data rate 6000Hz 

~50Mb/s, ~1000 

man*year, 30 M$ 
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Japan (1) 
 

Tokyo Univ. 

US (6) 
 

Univ. of Hawaii 
Univ. of Washington 

Carnegie Mellon Univ.  
Univ. of Minnesota  
 Univ. of Rochester  

Univ. of Indiana 
 

Europe (12) 
 

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

 Univ. of Johannes Gutenberg 
Helmholtz Ins. In Mainz 

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

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

Turkey: Turkey Accelerator Center 

China(30) 
IHEP, CCAST, GUCAS, Shandong Univ.,  

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

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

Peking Univ., Tsinghua Univ. , 
Zhongshan Univ.,Nankai Univ. 

Shanxi Univ., Sichuan Univ., Univ. of South China 
Hunan Univ., Liaoning Univ.  

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

Lanzhou Univ., Henan Sci. and Tech. Univ. 
Hong Kong Univ., Hong Kong Chinese Univ. 

 

Korea (1) 
 

Seoul Nat. Univ. 

Pakistan (2) 
 

Univ. of Punjab 
COMSAT CIIT 

~300 members 
52 institutions from 11 countries   

BESIII  



8 

BESIII №  

Ĉ ⁬Ḭ ᾒ ̢︢33 ̣ 

Ĉ2010̴4 ̢2 PRL̦ 1 PRD̦ 1 CPC̣  

Ĉ2011̴ 11 ̢3 PRL̦ 8 PRḌ  

Ĉ2012̴ 18  ̢ 5 PRL̦ 1 PLB̦ 9 PRD̦ 2 
CPC̣  

Ĉ ᾒ ̴︢5  

Ĉ Ṝ ̴︢> 40  
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Data samples of BESIII 

Ĉ2009  

Ĉ106M y(2S)  (4 times of CLEOc) 

Ĉ225M J/y      (4 times of BESII) 

Ĉ2010 

Ĉ~0.9 fb-1 y(3770) 

Ĉ2011 

Ĉ~2.0 fb-1 y(3770) (3.5 times of CLEOc) 

Ĉ~0.5 fb-1 @ 4.01 GeV 

Ĉ2012 

Ĉ  tau mass scan ~5.0 pb-1  

Ĉ  ~0.4 billion y(2S) 

Ĉ  ~1 billion J/y  

ĈThe world Largest J/y, y(2S) , y(3770) 

data samples produced at threshold  

0
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Recent results on Charmonium 

Spectroscopy and Transitions 

Ĉ First evidence for the direct yô­gg J/y transition 

Ĉ yô­ p0 J/y, h J/y 

Ĉ First observation of e+e-­h J/y @Õs=4.009 GeV 

Ĉ cc0,2 ­ gg 

Ĉ J/y, yô ­ 3p 

Ĉ yô­ K+K-p0, K+K-h 

Ĉ ccJ ­ p nbar p-, p nbar p- p0 

Ĉ ccJ ­ L Lbar p+p- 
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yô ­ ggJ/y transition 

Z. G. He et al., Phys. Rev. D 83, 054028 (2011) 
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gsm - low energy gamma 

Åthe ccJ  components: 
double E1 scaling 
Åyields of the two -

photon events  
Åcontinuum(green )+ 
yõ- decay BG(yellow)  

ωGlobal fit of the two-
photon process and 
cascade ccJ processes  
ωSee clear excess over BG 

+ continuum 

3.44<RM(gsm )<3.48GeV 

arXiv: 1204.0246   Accepted by PRL 

First evidence of yô ­ ggJ/y   

ωBr(yΩ ­ ggJ/y ) = (3.1°0.6+0.8
-1.0)³10-4  

    (J/y ­ ee and mm mode combined) 
ωSignificance: 3.8s including systematics 
ωBr(yô ­ gccJ, ccJ­ g J/y) are also measured 
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yô ­ hJ/y, p0J/y 

ĈDecay final states: 
ggm+m- or gge+e- 

Ĉyô ­ p0J/y isospin 
violation 

ĈQCD multipole- 
expansion + axial 
anomaly Ý R = 0.016 

 (G. A. Miller et al., Phys. Rep. 194, 1 (1990).) 

ĈCharm-meson loops Ý 
R = 0.11°0.06 

   (F. K. Guo et al., Phys. Rev. Lett., 103, 

082003 (2009)) 

ĈNon-perturbative 
effects important 

 

arXiv:1210.3746  Accepted by PRD 
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PRD86, 071101(R) (2012) e+e- ­ hJ/y @4.01GeV 

Ĉ Hadronic transition between charmonium 
states above open-charm threshold is not 
well understand 

Ĉ Data sample: 478 pb-1 @4.01GeV 

Ĉ First observation: e+e- ­ hJ/y (significance 
> 10s)  

Ĉ Measured Born cross section: 

     (32.1°2.8 °1.3) pb 

Ĉ Assume hJ/y from y(4040) 

    Br(y(4040)­hJ/y)=(5.2 °0.5°0.2°0.5)³10-3 

    Br(y(4040)­p0J/y) <2.8³10-4 @90% CL 

Ĉ Consistent with the theoretical calculation  
(Q.Wang et al., arXiv:1206.4511) 

Ĉ Partial width of y(4040)­hJ/y: ~400keV (> 
two times y(4040)­ppJ/y) 
Ĉ Similar to the hadronic transition of U(4S) 

     (admixture of a four-quark state in the wave 
function, M. B. Voloshin, Mod. Phys. Lett. A 26, 
773 (2011)) 
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PRD85, 112008, (2012) cc0,2 ­ gg 

Ĉ In analogy to the 3P 
positronium decays 
ĈR¹G(3P2­gg)/ 
G(3P0­gg)=0.27 

ĈFirst-order QCD 
radiative correction 
Ý R=0.116°0.010 

   (Voloshin, Prog. Part. Nucl. Phys. 

61, 455 (2008)) 

ĈFirst measurement 
of f0/2¹G

l=0(cc2 ­ gg) / 
Gl=2(cc2 ­ gg) 

ĈRelativistic potential 
model Ý f0/2 < 05% 

   (T. Barnes, in Proceedings of the IX 
International Workshop on Photon-

Photon Collisions) 
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Cut to remove  
background 

Dalitz plot with background subtracted 
and corrected for efficiency: 

Precision measurement of branching fractions: 

The ratio of these two branching  fractions: 

Phys.Lett. B710 (2012) 594-599 J/y, yô ­ 3p 



17 

arXiv:1208.2320 accepted by PRD yô­ K+K-p0, K+K-h 

ĈMotivation 
ĈTest 12% rule (Qh) & Study rp puzzle 

in yô­ VP decays 

ĈTest HSR 

ĈSearch for excited f, K* states 

ĈPWA applied 
ĈMeasured yô­ KK* , fh, fp0 (isospin 

violated) 

ĈQh in VP decays significantly deviate 
from 12% 

ĈFirst observation: yô­ 
K+K*

2(1430)-  

   (HSR suppressed decay) 
PRD 85, 074015 (2012) 

    (2170)?

    3.1             3.8

3(1850)?f f

s s
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PRD 86, 052004 (2012) 

M
p p+ -LL *(1385)

M
p-S L

-(1385) (1385)
M +S S

- (1385)
M

p+S L

- +(1385) (1385)
M
S S

M
p p+ -LL

ccJ ­ L Lbar p+ p- 

ĈColor-Octet 
contribution: Large 
effect in P-wave state. 
Ĉe.g. : ccJ ­ ppbar, 

theoretical prediction 
consistent with exp. 

    (Wong, Nucl. Phys. A674, 185 (2000)) 

ĈccJ ­ LLbar not 
consistent 

ĈWhat about other baryon 
anti-baryon decays? 

ĈExperiment measured 
ĈNR: ccJ ­ L Lbar p+ p- 

ĈccJ ­ S(1385)+Lbar p- +cc 

ĈccJ ­ S(1385)-Lbar p+ +cc 

ĈFirst evidence: ccJ ­ 
S(1385)Sbar(1385) 

ĈExperiment consist with 
theoretical prediction 
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PRD 86, 052011 (2012) 

ccJ ­ p nbar p-, p nbar p- p0 

ĈColor-Octet 
contribution: Large 
effect in P-wave state. 

ĈSearch for N* states 

ĈExperiment measured 
ĈBranching fractions for 
cc0,1,2 ­ p nbar p-  +cc 

    cc0,1,2 ­ p nbar p- p0 +cc  

   (most precise 
measurements) 

Ĉ Intermediate states: 
ĈN*(1400), N*(1700) in both 

pp and nbarp 

ĈThreshold enchancement 
of pnbar, or N*(2190), 
N*(2220)? 

ĈFurther detailed PWA 
need to be done! 



Recent results on Light Hadron 

Spectroscopy 

ĈSpin-parity analysis of ppbar near threshold 
enhancement in J/y, y ­ g ppbar 

ĈJ/y ­ g 3p 

ĈPWA of yô­ ppbar p0 

Ĉ J/y ­ L S0 bar 
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PWA of J/y­g p pbar 

  

Jpc=0-+

M=1832
-5

+19 (stat)
-17

+18 (syst)°19(mod)MeV/c2

G=13°20(stat)
-33

+11(syst)°4(mod)MeV/c2 or G<76MeV/c2 @90%C.L.

B(J /y­gX( pp))B(X( pp)­ pp)=(9.0
-1.1

+0.4 (stat)
-5.0

+1.5(syst)°2.3(mod))³10-5

>6.8ʎ better than other Jpc assignments 

Å t²! ƻŦ Wκ˕ĄʴǇǇbar was first 
performed 

Å  The fit with a BW and S-wave 
FSI(I=0) factor can well describe ppb 
mass threshold structure. 

Å  It is much better than that without 
C{L ŜŦŦŜŎǘΣ ŀƴŘ ɲнƭƴ[Ґрм όтΦмˋ) 

Å Different FSI modelsĄModel 
dependent uncertainty 

 

PRL 108, 112003 (2012) 
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Threshold structure of yô­g p pbar 

Obviously different line 
shape of ppbar mass 
spectrum near threshold 
from that in J/̞  decays 

PWA Projection:  PWA results:  

Å Significance of X(ppbar) is > 6.9ʎ. 

Å The production ratio R: 

 

 

 

ÅLǘ ƛǎ ǎǳǇǇǊŜǎǎŜŘ ŎƻƳǇŀǊŜŘ ǿƛǘƘ άмн҈ ǊǳƭŜέΦ 
  

R=
B( ¡y­gX( pp))

B(J /y­gX( pp))

= (5.08
-0.45

+0.71(stat)
-3.58

+0.67(syst)°0.12(mod))%

first measurement 

PRL 108, 112003 (2012) 
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f1/h 
1.2s 

f0(980)­p0p0 

h(1405) 

f0(980)­p-

p+ 

f1/h 
3.7s 

h(1405) 

 Some surprises: J/y­g3p 

 First observed:  h(1405)­f0(980)p0 (large isospin breaking)                   

M = 989.9 ¤ 0.4 MeV 

G = 9.5 ¤ 1.1 MeV 

M = 987.0 ¤ 1.4 MeV 

G = 4.6 ¤ 5.1 MeV 

f0(980)Ąp+p- f0(980)Ąp0p0 

PRL 108 (2012) 182001 

Very narrow f0(980) ς much narrower than PDG value! 

Possible explanation:  KK* loop Triangular Singularity (TS) 

J.J.Wu et. al.,  

PRL 108, 081803(2012) 
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PWA of yô ­ p pbar p0 
arXiv:1207.0223, submitted to PRL  

Ĉ Non-relativistic quark model is successful in interpreting of the excited 
baryons 

Ĉ Predicted more excited stated (ñmissing resonance problemò) 

Ĉ J/y (yô) decays offers an window to search for the missing resonance 

Ĉ Isospin conservation Ý D supressed 

ĈTwo new baryonic excited states are observed !    
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PRD86,032008(2012) 

MgL

M
gL

M
LL

J/y­LS0 + c.c. 

ĈPDG2010:  
Br(J/y­LS0)<1.5³10-4 

ĈFirst observation 

ĈStudy isospin 
breaking mechanism 
in J/y­LS0 + c.c. 

ĈSearch for 
L(1520)­gL 

ĈMeasured hc­LL 
(Only observed by 
Belle in B ­LLK 
before) 



Open charm physics (all results 

are preliminary)  

ĈD+ ­ m+ n 

ĈD0 ­ K- / p- e+ n 

Ĉ Search for D0 ­ gg 
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Leptonic and semileptonic D decays 

ĈWindows on weak and strong 
physics 

ĈWeak decay Ý theoretically 
clean 

ĈOver-constrain CKM and 
search for New Physics 

ĈStrong interaction Ý test 
Lattice QCD 

   

G D+ ­ +n( ) = f
D

2 V
cd

2 G
F

2

8p
m

D
m2 1 -

m2

m
D

2

å

ç
æ

õ

÷
ö

2

dG D­ K p( )en( )
dq2

=
GF

2 V
cs d( )

2

P
K p( )
3

24p 3
f+ q2( )

2

q2=(pl+pn)
2  Ý M 2

inv of lepton pair 
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n Recon. @charm threshold 

Ĉ100% of beam energy converted to D pair (Clean 
environment, kinematic constrains n Recon.  ) 

ĈD generated in pair Ý absolute Branching 
fractions 

ĈAt ɣ(3770) charm production is           and 

ĈFully reconstruct about 15% of D decays 
  D

0D0
 D

+D -

  

D E = E
D

- E
Beam

M
BC

= E
Beam

2 - p
D

2

( ) 0 03770e e D D D Dy+ - + -+ ­ ­ or 

ĈDouble tag techniques: Hadronic tag on one side, on the 
other side for leptonic/semileptonic studies.  Neutrino is 
reconstructed from missing energy and momentum 
(Double tag efficiency is high.) 
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D ­ mn (BESIII: 2.9 fb-1 ) 

ĈTag side 

reconstruction: 

Ĉ9 decay modes 

ĈKinematic variables: 

Beam-constrained 

mass and DE  

Ĉ(1.57°0.2) M tags 

found 

Beam-constrained mass of tag D 
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D ­ mn (BESIII: 2.9 fb-1 ) 

ĈSignal side reconstruction: 
ĈOne charged track only 

ĈKinematic variable: M2
miss 

Ĉ425 candidates 

BES III preliminary: 

N(D+ ­ m+n) = 377.3 ° 20.6    
M

miss

2 = E
Beam

- E
m( )

2

- - p
tag

- p
m( )

2

» 0
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D0 ­ K/p e+n (BESIII: 0.9 fb-1 ) 

Ĉ BESIII Preliminary results 

Ĉ ñPartially blindò analysis (0.9 fb-1 analyzed 
so far.  Full 2.9 fb-1 later for final results) 

Ĉ Tag side reconstruction: 
Ĉ 4 decay modes 

Ĉ 0.77 M tags found 

ĈSignal side reconstruction: 
Ĉ two oppositely-charged tracks 

ĈKinematic variable: Umiss 

Ĉ Systematic uncertainties are 
preliminary 

ĈGood consistency with CLEO-c, 
statistical precision is comparable 
with only 1/3 data analyzed 

   
U = E

miss
- P

miss
» 0

BESIII Preliminary 

BESIII Preliminary 

Nsig = 18460+/-143 

Nsig = 1677+/-45 

D0 -> K e ˄  

D0 -> p e ˄   
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FF from experiment and theory 

ĈFrom Jonas Rademacker at FPCP2012 

ĈNote: BESIII result from D0 only, CLEO-c use 
both D0 and D+ 

f+
D­p(0) f+

D­K(0) 
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Search for D0 ­ gg 

B(D0
Ąʴ)ɹ 

Theoretical predictions:   SM (short distance)~ 10 -11 

                                                  Long distance ~10 -8 

B(D0Ҧʴ)ɹ/B(D0
Ą

0̄ 0̄)<5.8¦10-3 @90% CL, 
with  PDG value: B(D0

Ą
0̄ 0̄)=8¦10-4 ,  

BESIII: B(D0
Ąʴ)ɹ)<4.6¦10-6 @90% CL. 

BaBar: B(D0
Ąʴ)ɹ<2.2¦10-6 @90% CL. 


