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l 	  HVP,	  g-‐2	  
l  σ(eeàhadrons)	  
l  τ mass/decay	

l  …… 



Hadronic Vacuum Polarization (HVP) 
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leptons Top	  quark 

SM	  predic=on	  	  
vs	  	  
measurement 

the	  precision	  electroweak	  tests	  need! 



Quick review of the activities for  
the joint project 

l  Precision measurement of σ(e+e-àπ+π-/Κ+Κ-) through ISR at 
BaBar  
(dominant contribution/error to aµ

had(LO) ) 
PRL 109, 042003 (2012) 
PRD 86, 032013 (2012) 
PRD 88, 032013 (2013) 

l  ISR-FSR interference in e+e-àπ+π-/µ+µ-    

(using the same BaBar data) τ workshop2014 
l  Revision τ spectral function at ALEPH (new unfolding)  

EPJC74 3, 2803 (2014)  
l  Vacuum polarization and muon g-2 (combining all existing e+e- 

and τ data to calculate HVP, aµ
had(LO), αQED(MZ

2)) 
EPJC71,1515 (2011) 
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ISR method 

FCPPL2015 Hefei L.L. Wang 4 

l  Ecm	  fixed	  
l  Effec=ve	  annihila=on	  energy	  E’	  

from	  threshold	  to	  Ecm	  
l  Radia=ve	  func=on	  needed	  
l  One	  experiment	  =>	  a	  spectrum	  

e.g.	  BaBar	  ISR	  project	  



Why σ(e+e-àπ+π-) important? 
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2π 

HLMNT 11 

ππ 
ππ 

è  Energy region 0.6-0.9     
     GeV dominates 
è  2π channel contributes  
     more than 70% 

l  BABAR	  and	  KLOE	  dominate	  the	  
world	  average	  	  

l  Rela=vely	  large	  systema=c	  
differences,	  esp.	  above	  ρ	  peak	  	  

l  Knowledge	  of	  aμhad	  drama=cally	  
limited	  due	  to	  this	  difference	  	  



Analysis of e+e-àπ+π-γISR at BESIII 
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QED test with µ+µ-γ events 
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Results of |Fπ|2 
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Ø  Fit	  to	  a	  VDM	  model	  (same	  as	  BaBar)	  
Ø  Including	  ρ-ω	  interference	  
Ø  the	  Gounaris-‐Sakurai	  (GS)	  model	  	  

used	  to	  describe	  ρ,	  ρ’,	  ρ’’	  and	  ρ’’’	  
Ø  Parameters	  for	  ρ’,	  ρ’’	  and	  ρ’’’	  are	  

fixed	  to	  BaBar	  results 



Comparison of |Fπ|2 to previous measurements 
and impact on aµ

had 
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R-scan project BESIII 
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0.8_-‐1	  104	  energy	  points 0.5_-‐1	  19	  energy	  points	  (on	  going) 



Measurement of R at BESIII 
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>100k	  events	  =>	  ~0.3% 

	  <1% 

	  BESII:	  2~3%	  (ahempt	  to	  improve) 

< 

Cross	  secFon	  for	  ee	  to	  point-‐like	  muon	  pair	   



Precision τ mass measurement  
l  Fundamental parameter in the Standard Model 

        test 
 

l  Test lepton universality 

l  BESIII: ττ threshold scan method  
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τ mass scan 
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Beam	  Energy	  Measurement	  System	  
(BEMS) 

Bhabha	  &	  two	  gamma	  events 
J/ψ	  scan 

ψ’scan 

Mass	  calibra=on/energy	  spread 



Result on the τ mass 
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l Maximum	  likelihood	  fit	  
l  τ	  mass,	  BG,	  data/MC	  difference	  

are	  floa=ng	  in	  the	  fit	  
l  Expected	  number	  of	  events:	  

Theore=cal	  cross	  sec=on	  +	  
radia=ve	  correc=on	  +	  	  
vacuum	  polariza=on	  +	  	  
energy	  spread	  +	  	  
efficiency PRD	  90,	  012001 



4~4.6GeV: XYZ studies 
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Up	  to	  now:	  total	  ~3.3	  _-‐1 



The	  X	  states 
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X(3823) 
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B	  	  àχc1γK	  

l  Evidence	  at	  Belle	  (significance	  3.8σ)	  
l  Process	  BàK(χc1γ)	  using	  772×106	  BB	  pairs	  
l  M(X(3823))=3823.1±1.8±0.7MeV	  
l  Consistent	  with	  the	  ψ2(13D2)	  state BESIII	  may	  search	  for	  it! 

Conven=onal	  charmonium	  state 



Observation of e+e-àπ+π-X(3823), X(3823)àχc1γ 
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•  Simultaneous	  fit:	  data-‐I	  (4.36,	  4.42,	  4.60	  GeV)	  &	  data-‐II	  (4.23,	  4.26	  GeV)	  
•  Signal:	  MC	  simulated	  shape	  +	  Background:	  linear	  
•  M=3821.7±1.3±0.7	  MeV;	  Significance:	  6.7σ,	  observa=on	  !	  

ππγχc1	  events	  ψ(2S)	  

X(3823)	  

Data-‐II	  

Data-‐II	  Data-‐I	  

Data-‐I	  

ππγχc1	  events	  

ππγχc2	  events	  ππγχc2	  events	  



X(3872) 
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l  Mass: Very close to D0D*0 threshold 
l  Width: Very narrow, < 1.2 MeV 
l  JPC=1++  
l  Production  

u  in pp/pp collison – rate similar to charmonia 
u  In B decays – KX similar to cc, K*X smaller than cc 
u  Y(4260)àγ+X(3872) 

l  Decay BR: open charm ~ 50%, charmonium~O(%) 
l  Nature   (very likely exotic) 

u  Loosely D0D*0 bound state (like deuteron?)? 
u  Mixture of excited χc1 and D0D*0 bound state? 
u  Many other possibilities   (if it is not χ’c1, where is χ’c1?) 

M(ππJ/ψ)	  –M(J/ψ)	  [GeV]	  

Belle, 2003 
140/fb 



Observation of X(3872) at BESIII 
via e+e-àγπ+π-J/ψ 
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ISR ψ’ signal is used for mass, and resolution calibration. 
N=1818;  ΔM=0.34±0.04 MeV; ΔσM=1.14 ±0.07 MeV 
 

N(X(3872))  =  20.1±4.5              6.3σ  
M(X(3872)) = 3871.9±0.7±0.2 MeV    [PDG: 3871.68 ±0.17 MeV] 

PRL 112, 092001 (2014) 

ψ(3686) 

X(3872) 



The Zc states 
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Discovery of Zc(3900)±  via eeàπ+π-J/ψ@4.26GeV 
BESIII: PRL 110, 252001 (2013)  
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Belle with ISR data (PRL 110, 252002) CLE0c data at 4.17 GeV (PLB 727, 366) 



Neutral isospin partner Zc(3900)0 
via π0π0J/ψ 
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CLE0c data  
@ 4.17 GeV  
(PLB 727, 366) 

l 10.4σ	  significance	  
l M(Zc(3900)0)	  =3894.8±2.3±2.7	  MeV	  
l Γ(Zc(3900)0)=29.6±8.2±8.2	  MeV 



Zc(3885)± in e+e-àπ+(DD*)- by single D-tag 
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525/pb data @4.26GeV 
PRL 112, 022001(2014) 

BW fit to the enhancement near DD* 
threshold in the two channels  
=> 
Mass = 3883.9±1.5±4.2 MeV 
Width = 24.8±3.3 ±11.0  MeV  

0+ 

0- 

1- 



Discovery of Zc(4020)± via e+e-àπ+π-hc  
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l  Discovery of Zc(4020)±àπ±hc near D*D* threshold 
l  Mass = 4022.9±0.8 ±2.7 MeV 
l  Width = 7.9±2.7 ±2.6 MeV  
l  No significant signal for Zc(3900)±àπ±hc  
 
 

PRL 111, 242001(2013) 

u  Data sets 3.9~4.42GeV 
u  exclusive reconstruction of 

the final states: 
e+e-‐àπ+π-hc  
hc→γηc  
ηc→16 hadronic decay 
modes 

 

Sum	  of	  	  
4.23,	  
4.26,	  
4.36GeV	  
data 

4.23+4.26	  data 



Neutral isospin partner Zc(4020)0 
via e+e-àπ0π0hc 
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4230	  +	  4260+4360	  MeV PRL113, 212002 

Significance	  >	  5σ 
Mass = 4023.9±2.2 ±3.8  MeV  
 
Width is fixed to be same as its 
charged partner  



Zc(4025)± in e+e-àπ+(D*D*)- (or π-(D*D*)+) 
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l  Data set: 4.26GeV  
l  Tag a D+ and a bachelor π-, reconstruct 

one π0 to suppress the background. 
l  A structure, named as Zc(4025), can be 

observed in the recoil mass of the 
bachelor π- 

l  M(Zc(4025)) = 4026.3±2.6±3.7 MeV  
Γ(Zc(4025)) = 24.8±5.6±7.7 MeV 

PRL 112, 132001 (2014) 



The Y states (vectors) 
l  Can be directly produced in e+e- annihilation 
l  Can not be seen from the inclusive hadronic cross section (R-scan) 
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Y(4260) Y(4260) 

Y(4360) Y(4660) 

Y(4008)? 

M(Λc
+Λc

-) 

Y(4660)? 



Study of Y states @ BESIII? 
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π+π-X(3823)(γχc1) γX(3872)(π+π-J/ψ) 

ωχc0 

π+π-hc (BESIII) 
π+π-J/ψ (Belle ISR) 

ηJ/ψ η’J/ψ 

Need:	  fine	  scan,	  high	  luminosity! 

ωχc0 

Connec=on	  between	  XYZ?……	  Open	  charm	  cross	  sec=ons?	   



Summary 
l  BESIII and Hadronic Vacuum Polarization 

ISR to access energy <2GeV, e.g. e+e-àπ+π- 
direct R-scan: 2~5GeV 
impact on aµ and αQED(MZ) evaluation 

l  τ mass scan 
fundamental parameter in SM, lepton universality 

l  XYZ data between 4 and 4.6GeV 
X(3823), X(3872), Zc(3900), Zc(4020) and Y states 

l  Other nice results (not covered by this talk)  
light hadrons, conventional charmoia transition/decay, charm … 

l  More exciting results expected at BESIII! 
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Merci!	  	  	  谢谢！ 



backups 
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BEPC II: a double-ring machine 
RF	  RF	  

IP	  

22
 m
ra
d

2.5m
8ns

1.5cm

0
.
1
c
m

Beam energy:  
     1-2.3 GeV 
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 
SR mode: 
  0.25A @ 2.5 GeV 

Compton back-scattering 
for high precision beam 
energy measurement 

BESIII is here 



The BESIII Detector 

Be beam pipe 

    

  SC magnet, 1T Magnet yoke  

  MDC, 120 
µm  

  CsI(Tl) calorimeter, 2.5 %@ 1 
GeV 

TOF, 90ps   

RPC 

A total weight of 
730t, ~40,000 
readout channels, 
data rate 6,000Hz 
~50Mb/s 
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BESIII: a τ-charm factory 
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BESIII	  BEPCII	  

ττ threshold ccbar 



Current data sets @ BESIII 
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u τ	  mass	  scan:	  ~5pb-‐1	  near	  ττ	  threshold	  
u R-‐scan:	  	  

~0.8_-‐1	  104	  energy	  points	  3.85-‐4.59GeV	  
	  	  	  	  	  on	  going:	  	  
	  	  	  	  	  ~0.5_-‐1	  19	  energy	  points	  2-‐3GeV	  

For	  XYZ	  studies	  (~3.3	  _-‐1) 
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BESIII  Collaboration 
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Beyond R measurement 
l  Nucleon form factors: 9-15% accuracy. For 

proton |GE/GM|, top BaBar results  
l  Suspicious structures in the 𝑝𝑝 invariant mass 
l  Hyperon form factor studies 
l  Studies of threshold effects (Λ, S, Ξ) 
l  Determination of αs and charm quark mass 
l  Quark fragmentation functions 
l  ...... 
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4~4.6GeV: XYZ studies 
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Many	  open	  charm	  thresholds 



4~4.6GeV: XYZ studies 
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X(3823)	  as	  the	  ψ(13D2)	  

l  Mass:	  D-‐wave	  ~3.810-‐3.840	  GeV	  by	  poten=al	  model.	  
l  X(3823)	  mass	  agree	  with	  ψ(13D2)	  predic=on.	  

l  Width:	  narrow	  
l  X(3823)	  should	  be	  narrow	  (<16	  MeV	  @	  90%	  C.L.).	  

l  Produc=on	  ra=o:	  	  
l  R=B[X(3823)àγχc2]/B[X(3823)àγχc1]<0.43	  @	  90%	  C.L.	  
l  Agree	  with	  predic=on	  R~0.2.	  

l  Exclusions:	  11D2àγχc1	  forbidden;	  13D3àγχc1	  	  amplitude=0.	  
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e+e-→ π+π-J/ψ at Ecm=4.26 GeV 
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1595 events in J/ψ 
signal region, 
purity~90% 

BESIII: PRL110,252001  525 pb-1 data at 4.260 GeV 
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Comparison between Zc(3885)± 
and Zc(3900)±  

    The mass and width are consistent within 2σ!   

Different 
dynamics in 
Y(4260)-
Zc(3900) system!   

Single D tag results,  
PRL 112, 022001(2014) 
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What’s the nature of these Zc states? 
l  At least 4 quarks, not a conventional meson 
l  Tetraquark state? 
Phys. Rev. D87,125018(2013); Phys. Rev. D88, 074506(2013);  
Phys. Rev. D89,054019(2014); Phys. Rev. D90,054009(2014); etc 

l  D(*)D(*) molecule state? 
Phys. Rev. Lett. 111, 132003 (2013); Phys. Rev. D 89, 094026 (2014)  
Phys. Rev. D 89, 074029 (2014); Phys. Rev. D 88, 074506 (2013); etc 

l  FSI? 
l  Cusp? 
l  … 
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Zc(3885)± in e+e-àπ+(DD*)- by double D-tag 
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1090 pb-1@4.23GeV 1090 pb-1@4.23GeV 

827 pb-1@4.26GeV 827 pb-1@4.26GeV 

Confirmed	  the	  results	  obtained	  with	  single	  D-‐tag 



Summary on Zc states 
The BESIII experiment discovered several Zc states.  

State Mass(MeV) Width(MeV) Decay 
mode Process 

Zc(3900)± 3899.0±3.6 ±4.9 46±10 ±20 π±J/ψ e+e-→π+π-J/ψ 

Zc(3900)0 3894.8±2.3±2.7 29.6±8.2±8.2  π0J/ψ e+e-→π0π0J/ψ 

Zc(3885)± 

3883.9±1.5±4.2 
[single D tag] 

 3884.3±1.2±1.5 
[double D tag] 

24.8±3.3±11.0 
[single D tag] 
23.8±2.1±2.6 

[double D tag] 

D0D*- 

D-D*0 
e+e-→π+D0D*- 
e+e-→π+D-D*0 

Zc(4020)± 4022.9±0.8 ±2.7  7.9±2.7 ±2.6  π±hc e+e-→π+π-hc 

Zc(4020)0 4023.9±2.2 ±3.8  fixed  π0hc e+e-→π0π0hc 

Zc(4025)± 4026.3±2.6±3.7  24.8±5.6±7.7  D*0D*- e+e-→π+(D*D*)- 
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