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Hadron	  spectroscopy	   
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PWA in J/Ψàγηη 
•  f0(1710)	  and	  f0(2100)	  are	  	  
dominant	  scalars	  

• 	  f0(1500)	  exists	  (8.2σ)	  

• 	  f2’(1525)	  is	  the	  dominant	  
tensor	  

• 	  f2(1810)	  and	  f2(2340)	  exist	  	  
(6.4	  and	  7.6σ)	  

• 	  No	  evidence	  for	  fJ(2220)	  	  

Phys. Rev. D. 87, 092009 (2013)  



η’→γπ+π-  

η’→π+π-e+e-  

B(η´→π+π-e+e-)=(2.11±0.12±0.15) ×10-3 

   η and η’ physics at BESIII 
PRD87, 092011 (2013) PRD87, 032006 (2013)  

B(η→invisible)<	  1.0×	  10-‐4 

B(ηʹ′→invisible)<	  5.3	  ×	  10-‐4 
@90%C.L. 

Search for invisible decays 

Search for weak decays 

B(η→π-e+ν+c.c.)<1.7 ×10-4 
B(η´→π-e+ν+c.c.)< 2.2×10-4 

@90%C.L. 
             theory:~10-8 -10-9   

 

      Prog. Part. Nucl. Phys. 46, 413 (2001) 

BR(η→χχ)	  ~	  7.4	  ×	  10-‐5	   

BR(ηʹ′→χχ)	  ~	  8.1	  ×	  10-‐7	  	   

Theory:	  
PRD	  72,	  103508(2005) 

PRD87, 032006 (2013)   
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B(η’→π+π-π+π-)=(8.63±0.69±0.64) ×10-5 
B(η´→π+π-π0π0)=(1.82±0.35±0.18) ×10-4 

η’→π+π-π+π- 

η´→π+π-π0π0 

ChPT+VMD: 
only occur at O(p6)  

F.K. Guo, B. Kubis, A. Wirzba,Phys. Rev. D 85,014014 (2012) 

η´→π+π-π+π-,π+π-π0π0 

ChPT+VMD : B(η’→π+π-π+π-)=(1.0±0.3) ×10-4 
                        B(η´→π+π-π0π0)=(2.4±0.7) ×10-4 

PRL113,039903(2014) 
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Two new baryonic excited states are observed ! 

        PWA results on N* baryons in ψʹ′→π0pp  
Phys.Rev.Lett. 110 (2013) 022001 
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    PWA results on N* baryons in ψʹ′→ηpp  

Phys. Rev. D 88, 032010 (2013) 

M= 

Γ= 



Charmonium-like physics 

12 



Charmnonium	  spectrum 
•  Below	  the	  open	  charm	  threshold	  the	  

spectrum	  is	  well	  understood	  
–  very	  good	  agreement	  between	  

predicted	  and	  discovered	  states	  
•  Above	  the	  threshold	  the	  situaLon	  in	  

more	  complex	  
–  only	  few	  of	  the	  predicted	  states	  have	  

been	  found	  
–  in	  the	  last	  decades	  many	  new	  states	  

have	  been	  observed	  with	  properLes	  
that	  are	  not	  consistent	  with	  
expectaLons	  for	  charmonium:	  X,	  Y,	  Z	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  X	  states:	  
•  charmonium-‐like	  states	  with	  JPC	  ≠	  1−−	  .	  

Observed	  in	  B	  decays,	  pp	  and	  pp	  collisions	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Y	  states:	  

•  charmonium-‐like	  states	  with	  JPC	  =	  1−
−	  	  .Observed	  in	  direct	  e+e-‐	  annihilaLon	  or	  in	  
ISR	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Z	  states:	  

•  charmonium-‐like	  states	  .	  Must	  contain	  at	  
least	  a	  cc	  and	  a	  light	  qq	  pair	  
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Z	  sates	  search	  at	  BESIII 
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e+e-‐	  →π±Zc(3900)+→π+π-‐J/ψ 



Comparisons	  between	  different	  experiments	  on	  Zc(3900)± 

16 

1.	  CLEO:	  PLB	  727	  (2013)	  366	  
M=3886±6±4	  MeV,	  
Γ=33±6±7	  MeV.	  
2.	  Belle:	  PRL	  110,	  252002	  (2013)	  
M=(3894.5±6.6±4.5)	  MeV;	  
Γ=(63±24±26)	  MeV.	  
3.	  BESIII:	  PRL	  110,	  252001	  (2013)	  
M=(3899.0±3.6±4.9)	  MeV;	  
Γ=(46±10±20)MeV	  

CLEO 
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e+e-‐	  →π±Zc(4020)	  →π+π-‐hc 

•  1D	  projecbon	  of	  M(π±hc)	  invariant	  mass	  distribubon.	  
•  M[Zc(4020)]=(4022.9±0.8±2.7)MeV;	  
Γ[Zc(4020)]=(7.9±2.7±2.6)MeV.	  	  	  	  	  	  	  	  	  	  Significance:>8.9σ	  

•  No	  significant	  signal	  for	  Zc(3900)±→π±hc	  (<2.1σ) 

19 
± 

PRL111 242001 (2014) 



•  if	  Zc(4025)±	  is	  the	  Zc(4020)±observed	  in	  the	  π±hc	  spectrum:	  

20 

M=4026.3±2.6±3.7	  MeV	  
Γ=24.8±5.6±7.7	  MeV	  
N=401±47	  
Significance>10σ 

PRL 112 132001 (2014) 
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e+e-‐	  →π0Zc(3900)0→π0π0J/ψ 



•  Observe	  Zc(4020)0	  structure	  
in	  π0hc	  mass	  distribubon.	  

•  M[Zc(4020)0]	  =4023.6±4.5	  
MeV	  with	  a	  fixed	  width	  

•  It	  is	  the	  neutral	  isospin	  
partner	  of	  the	  Zc(4020)±.	  	   
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e+e-‐	  →π0Zc(4020)0→π0π0hc 
PRL 113 212002 (2014) 

Significance	  >	  5σ 

Cross	  secbons	  for	  e+e-‐→π+π-‐hc	  and  
e+e-‐→π0π0hc	  	  

	  	  are	  in	  agreement	  with	  isospin	  
conservabon	  within	  2σ:	  Rππhc	  

=0.63±0.09 
An	  isospin	  triplet	  for	  Zc(4020)	  has	  also	  

been	  established. 



Summary	  of	  Z	  states 

•  Nature	  of	  these	  states	  ?	  
–  Tetraquark	  L.	  Maiani,	  A.	  Ali	  et	  al	  
– Hadronic	  molecule	  U.-‐G.	  Meissner,	  F.K.	  Guo	  et	  al.	  
– Hadro-‐charmonium	  M.	  B.	  Boloshin	  
– Meson	  loop	  Q.	  Zhao	  et	  al.	  
–  ISPE	  model	  X.	  Liu	  et	  al	  
– … 
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Channel	  	   Mass	  (MeV/c2) Width	  (MeV/c2) 
J/ψπ± 3899.0±3.6±4.9 46±10±20 

J/ψπ0 3894.8±2.3 29.6±8.2 

(DD*)+ 3883.9±1.5±4.2 24.8±3.3±11.0 

hcπ± 4022.9±0.8±2.7 7.9±2.7±2.6 

hcπ0 4023.6±2.2±3.9 Fixed 

(D*D*)+ 4026.3±2.6±3.7 24.0±5.6±7.7 



X	  states	  search	  at	  BESIII 
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•  M	  =	  (3871.9±0.7±0.2)	  MeV,	  Γ<2.4	  MeV,	  Significance:6.3σ	  
•  producbon	  in	  Y(4260)	  decay	  suggesbve,	  but	  not	  conclusive 
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e+e-‐	  →γX(3872)→γπ+π-‐J/ψ 

PRL 112 092001 (2014) 
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e+e-‐→π+π-X(3823)→π+π-γχc1	  

4.23 GeV 4.26 GeV 4.36 GeV 

4.60 GeV Sum 4.42 GeV 

BESIII preliminary 

γχc1	   γχc2	  

Fit:	  M=3821.7±1.3±0.7	  MeV;	  	  
Significance:	  6.7σ,	  observabon	   



 Y states search at BESIII 
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ω→π+π-π0,	  
χc0→π+π-‐,K+K-‐	  
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e+e-‐	  →ωχc0 

√s	  (GeV) σBorn	  (pb-‐1) 

4.23 55.4±6.0±5.9 

4.26 23.7±5.3±3.5 

Assuming	  the	  ωχc0	  signals	  come	  
from	  a	  resonance,	  we	  extract	  the	  
Γee	  ⋅B(ωχc0	  ),	  mass,	  and	  width	  of	  
the	  resonance	  to	  be	  (2.9±0.7±	  0.4)	  
eV,	  M=(4230±8±6)	  MeV/c2,	  and	  
(38±12±2)	  MeV. 

Ecm=4.23 GeV Ecm=4.23 GeV 

Ecm=4.26 GeV Ecm=4.26 GeV 

arXiv:1410.6538 

This is not consistent with the Y(4260) (!?) 



Observation of e+e-à ηJ/ψ (preliminary)  

29	  

Ø   Agree  with  previous  results  with  improved  precision

Ø   The  cross  section  peaks  around  4.2  GeV  
Ø   Analysis  of  high  energy  points  underway



Observation of e+e-à η’J/ψ  

30	  Ø   First  observation,  cannot  tell  the  line  shape  due  to  statistics

4.23 GeV:  σ = 3.1±0.6±0.3 pb 
4.26 GeV:  σ = 3.9±0.8±0.4 pb 

BESIII  
Preliminary NEW! 



Evidence for e+e- à γχcJ 

BESIII: arXiv:1411.6336, CPC (in press) 
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Charm physics 



Ø  	  D+	  leptonic	  decays	  play	  an	  important	  role	  in	  
	  understanding	  	  of	  the	  SM	  	  

Ø  	  Test	  LQCD	  calculabon	  of	  fD 
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Ø  	  Precise	  measurement	  of	  |Vcd|	  
	  
Ø 	  	  Reduced	  width	  of	  band	  in	  triangle	  	  
would	  lead	  to	  precisely	  test	  the	  SM,	  
and	  search	  for	  new	  physics	  beyond	  	  
the	  SM 

D+àµ+v and Decay constant fD+ 

PRD 89, 051104 (2014) 



In	  the	  system	  recoiling	  against	  the	  singly	  tagged	  D-‐,	  BES-‐III	  
selected	  the	  purely	  leptonic	  decay	  events	  for	  D+àμ+	  ν
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D+àµ+v and Decay constant fD+ 
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Summary 
•  It	  is	  good	  place	  to	  search	  for	  N*	  and	  new	  
resonance	  in	  hadron	  spectroscopy	  study	  at	  
BESIII.	  

•  X,Y,Z	  states	  are	  searched	  at	  BESIII,	  A	  lot	  of	  Z,	  X	  
states	  are	  either	  observed	  or	  confirmed,	  i.e.	  
Zc(3900),	  Zc(4020),	  X(3823),	  X(3872),	  much	  
more	  are	  in	  progress.	  

•  More	  precise	  measurement	  on	  B(D+→µ+ν)	  
and	  fD+	  are	  available	  with	  BESIII’s	  data.	  

37 
Thank you! 



Backup 
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Zc	  charmonium-‐like	  meson 

•  Well	  defined	  signature	  of	  event:	  
–	  decay	  into	  known	  charmonium	  state	  
–	  electric	  charge	  ═>	  Nquark	  ≥	  4	  

•  Possible	  direcbons	  of	  searches:	  	  
	  	  	  	  πJ/ψ,	  π	  hc(1P),	  πψʹ′,	  πχcJ	  ,	  πDD... 
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