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Cons%tuent	
  Quark	
  Model	
  
1964 The model was proposed independently by Gell-Mann and Zweig  
Three fundamental building blocks 1960’s (p,n,λ) ⇒ 1970’s (u,d,s) 

mesons are bound states of a of quark and anti-quark: 

baryons are bound state of 3 quarks: 

€ 

π + = ud      π 0 =  1
2 (uu − dd )  π - =  du 

K + = us K 0 = ds K 0 = sd    K − = su 

€ 

p = uud     n =  udd  Λ =  uds
p = u u d n = u d d Λ = u d s 

€ 

π− = du 

€ 

Λ = uds



QPM	
  Superseded	
  by	
  QCD	
  in	
  the	
  1970s:	
  
observed	
  par1cles	
  are	
  color	
  singlets	
  

3	
  

Λ=	
  (uds) 

Mesons	
  are	
  color-­‐an1colorpairs	
  Baryons	
  are	
  red-­‐blue-­‐green	
  triplets	
  

3	
  primary	
  colors	
  	
  white	
  	
   	
  white	
  color	
  +	
  complementary	
  color	
  	
  	
  	
  

blue-­‐yellow	
  
green-­‐magenta	
  

red-­‐cyan	
  



mul1quark	
  states	
  from	
  diquarks	
  &	
  dian1quarks	
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mul1quark	
  states	
  from	
  “molecules”	
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tetraquark	
  
	
  	
  	
  	
  meson	
  

-­‐new	
  dimensions	
  to	
  Nuclear	
  Physics-­‐	
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Non-­‐qq	
  mesons	
  or	
  non-­‐qqq	
  baryons	
  
predicted	
  by	
  `QCD-­‐mo1vated’	
  models	
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pentaquarks	
  
glueballs	
   H-­‐dibaryon	
  

diquark-­‐dian1quarks	
   hybrids	
  
molecules	
  

_	
  
non-­‐qq	
  &	
  non-­‐qqq	
  color-­‐singlet	
  combina1ons	
  _	
  



No	
  Pentaquarks	
  

€ 

dσ
dΩ

< 0.26µb /sr

€ 

σ < 0.26µb

€ 

γd→ pK −K +n

CLAS-­‐2003	
  “observa1on”	
  

JLab	
  CLAS	
  -­‐2006	
  	
  PRL	
  96,	
  212001	
  

PRL	
  91,	
  252001	
  

J-­‐PARC	
  E19	
  -­‐	
  2012	
  	
  PRL	
  109,	
  132002	
  

€ 

π −p→K −X @ 1.92GeV /c



“The story of pentaquark shows how poorly 
we understand QCD” ‒ F. Wilczek, 2005	
  



How	
  about	
  the	
  H	
  dibaryon?	
  

R.L.	
  Jaffee,	
  PRL	
  38,	
  195	
  (1977):	
  	
  JP	
  =	
  0+	
  di-­‐hyperon	
  with	
  MH	
  ≈	
  2mΛ − 80 MeV 

Tightly	
  bound	
  
diquark	
  triplet	
  

π,σ,ρ,ω	
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Hyperon-­‐hyperon	
  
molecular	
  state	
  or	
  



	
  models	
  predict	
  MH≈2mΛ	
  

long-lived 
cτ > 3 cm!! 

•	
  •	
  

LQCD	
  

2011	
  

2mΛ	
  

2mΝ	
  



Recent	
  Lacce	
  QCD	
  calcula1ons	
  

MH=	
  2mΛ	
  –	
  16.1	
  ±	
  2.1	
  ±	
  4.6	
  MeV	
  
MH=	
  2mΛ	
  –	
  “(30~40)	
  	
  MeV”	
  

S.R.	
  Beane	
  et	
  al	
  (NPLQCD)	
  PRL	
  106,	
  062001	
  (2011)	
  	
  	
  	
  	
  	
  	
   T.	
  Inoue	
  et	
  al	
  (NPLQCD)	
  PRL	
  106,	
  062002	
  (2011)	
  	
  	
  	
  	
  	
  	
  



Produc1on	
  via	
  gluons	
  in	
  ϒ(1S)	
  decays	
  

Need to: 
     produce 6 quark-antiquark pairs 
        (including two ss quark pairs) 
          very close in phase space 

Is this likely??? 
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An1-­‐deuteron	
  produc1on	
  in	
  ϒ(1S)	
  decays	
  

Similar process!! ϒ	
  

p	
  
n	
  

ARGUS	
  &	
  CLEO	
  expts:	
  
	
  ϒ	
  (1,2S)	
  D	
  +	
  anything	
  is	
  large	
  
	
  Bf(ϒ(1,2S)	
  D	
  X)	
  ≈	
  3	
  x	
  10-­‐5	
  	
  

Belle	
  data	
  samples:	
  	
  100×106	
  ϒ(1S)	
  decays	
  	
  +	
  160×106	
  ϒ(2S)	
  decays	
  	
  

_	
  
_	
  

H.	
  Albrecht	
  et	
  al	
  (ARGUS)	
  PRB	
  236,	
  102	
  (1990)	
  
D.M.	
  Asner	
  et	
  al	
  (CLEO)	
  PRD	
  75,	
  012009	
  (2007)	
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ϒ(1,2S)Λpπ-­‐	
  X	
  	
  	
  &	
  ϒ(1,2S)ΛΛ	
  X	
  

M(Λpπ-­‐)-­‐2mΛ	

 M(ΛΛ)-­‐2mΛ	



(≈1300	
  ΛΛ	
  events)	
  

(≈1000	
  ΛΛ	
  events)	
  

_	
   _	
  

expected	
  signals	
  for	
  Bf(ϒHX)=(1/20)×Bf(ϒdX)	
  	
  

_	
  	
  



90%	
  CL	
  upper	
  limits	
  on	
  ϒ(1S,2S)H	
  X	
  

B.H.	
  Kim	
  et	
  al	
  (Belle)	
  PRL	
  110,	
  222002	
  (2013)	
  	
  last	
  week	
  

factor of ≈20 



QCD-­‐mo1vated	
  mul1quark	
  states	
  are	
  
not	
  seen!	
  

“The absence of exotics is one of the most 
obvious features of QCD, R. Jaffe 2005	
  

Robert	
  Jaffe	
  



What	
  do	
  we	
  see?	
  

• Baryonium?	
  

• XYZ	
  mesons	
  



pp	
  bound	
  state	
  in	
  J/ψγpp?	
  _	
  

BESII	
  	
  	
  -­‐-­‐	
  10	
  years	
  ago	
  -­‐-­‐	
  

_	
  



2012,	
  with	
  5x	
  more	
  data	
  

PRL 108, 112003 (2012) �

Par1al	
  Wave	
  Analysis:	
  
-­‐JPC=	
  0-­‐+	
  >6.8σ better than 
	
  	
  	
  	
  	
  	
  	
  	
  other	
  assignments	
  

-­‐	
  I=0	
  FSI	
  improves	
  the	
  fit	
  
	
  	
  	
  	
  	
  	
  	
  	
  quality	
  by	
  ~7σ	



-­‐	
  M=1832	
  	
  -­‐5	
  	
  	
  	
  -­‐33	
  	
  ±	
  19model	
  MeV	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (	
  ≈2mp-­‐40	
  MeV)	
  

-­‐ Γ	
  <	
  	
  76	
  MeV	
  

-­‐	
  Bf(J/ψγX)×Bf(Xpp)=	
  
	
  	
  	
  (9.0-­‐1.1	
  -­‐5.0	
  	
  ±	
  2.3model)×10-­‐5	
  
	
  	
  	
  	
  suggests	
  Bf(Xpp)~large	
  

	
  +19	
  	
  +18	
  	
  

	
  +0.4	
  +1.5	
  	
  

J/ψγpp	
  _	
  

_	
  

_	
  



Some	
  non-­‐observa1ons	
  



A	
  pp	
  bound	
  state	
  (baryonium)?	
  

p n p p 

deuteron: 

loosely bound 
3-q 3-q color 
singlets with 
Md = 2mp- ε	



baryonium: 

loosely bound  
3-q 3-q color 
singlets with    
Mb = 2mp-δ ? 

attractive nuclear force attractive force? 

There is lots & lots of literature about this 
possibility 



Expecta1on	
  for	
  pp	
  bound	
  state	
  

mp +mp 

Above threshold 

Xpp ~100%  

below-threshold 
p and p 

annihilate to 
mesons 

I=0, JPC=0-+ init. state: 
pp  π+π-η’ and 3(π+π-) 

are common 
_	
  

_	
  
_	
  

_	
  



J/ψ  γ X(1835)γ(π+π-η’)  

2mp 

BESII	
  PRL 95, 262001 (2005) �

)2(GeV/c’M1.41.61.82.02.22.42.62.8)2Events/(0.02GeV/c0100200300400500)2(GeV/c’M1.41.61.82.02.22.42.62.8)2Events/(0.02GeV/c0100200300400500

2mp 

BESIII	
  PRL 106, 072002 (2011) �

M=1837 MeV 
Γ ≈ 190 MeV   

consistent with 0-+	
  

consistent with 0-+ 

  M(π+π-η’)   

M=1833 MeV 
Γ ≈ 70MeV   



J/ψγX(1835);	
  X3(π+π-)?	
  
BESIII	
  arXiv:1305.5333	
  

BESIII	
  	
  expt:	
  J/ψγ3(π+π-)	
  

M=1842.2±4.2+7.1	
  MeV	
  -­‐2.6	
  	
  

	
  	
  	
  Γ=83	
  ±	
  14.2	
  ±	
  11MeV	
  

2mp 



Are	
  the	
  pp,	
  π+π-η’	
  &	
  3(π+π-)	
  peaks	
  all	
  
from	
  the	
  same	
  state?	
  

channel	
   M	
  (Mev)	
   Γ	
  (MeV)	
   JPC	
   Bf(J/ψγX)xBf(Xf	
  i)	
  

pp	
   1832+32	
   13+25	
   0-­‐+	
   (0.9+0.3)x10-­‐4	
  

π+π-η’	
   1837+7	
   190+39	
   0-­‐+(?)	
   (2.9±0.1)x10-­‐4	
  

3(π+π-)	
   1842+8	
   83±17	
   ??+	
   (0.24±0.08)x10-­‐4	
  

-­‐38	
  

-­‐4	
  

-­‐0.5	
  

-­‐5	
  

-­‐37	
  

-­‐13	
  

_	
  

Need:	
  	
  JPC	
  measurement	
  for	
  the	
  X(1842)3(π+π-)	
  signal	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  be}er	
  measurements	
  of	
  widths	
  &	
  line	
  shapes	
  

Some	
  of	
  this	
  will	
  be	
  done	
  soon	
  with	
  BESIII’s	
  1.2B	
  J/ψ event	
  data	
  sample,	
  

_	
  



The	
  XYZ	
  quarkonium-­‐like	
  mesons	
  



Charmonium	
  spectrum	
  

Any	
  meson	
  that	
  decays	
  
to	
  a	
  c	
  and	
  c	
  quark	
  should	
  
fit	
  in	
  one	
  of	
  the	
  (gray)	
  
unassigned	
  states.	
  	
  	
  



XYZ	
  charmoniumlike	
  mesons	
  

1+(-­‐)	
  

0-­‐+	
  

0++	
  

1++	
  

Zc(3900)+	
  	
  	
  	
  3899	
  ±	
  6	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  46	
  ±	
  22	
  	
  	
  	
  	
  1+(-­‐)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Y(4260)π-(π+J/ψ)	
  	
  	
  	
  

0-­‐+	
  

0+(+)/1—(+)	
  

0+(+)/1—(+)	
  



cc	
  assignments	
  for	
  the	
  XYZ	
  mesons?	
  _	
  

no unassigned levels for 
the 1- - Y(4260) & Y(4360)  

the X(3940) & X(4160) as 
the ηc(3S) & ηc(4S) would 
imply huge hyperfine 
splittings  for n=3&4  

the Y(3915) mass and 
Γ(YωJ/ψ) are too 
high for the χc0(2P)  

the (4) charged Zs 
must have a minimal 
quark content of ccud _ _ 

the X(3872) is a long 
complex story 



the Y(4260) 	
  

σ(e+e-­‐	
  	
  hadrons)	
  

Ecm	
  (GeV)	
  
BaBar PRD86, 051102 

M(π+π-J/ψ)	
  (GeV)	
  

found	
  by	
  BaBar	
  in	
  e+e-­‐	
  → γISRπ+π-J/ψ	
  



 Y(4260) → π+π-J/ψ confirmed by Belle 
Belle PRL99, 182004  

Y(4260)	
  peak	
  in	
  σ (π+π-J/ψ)	
  
occurs	
  at	
  a	
  dip	
  in	
  σ(D(*)D(*))	
  	
  

→ Γ(π+π-J/ψ)	
  is	
  large,	
  
10~100	
  ×	
  charmonium	
  

e+e-­‐	
  γISRπ+π-J/ψ	
  

No	
  sign	
  of	
  Y(4260)	
  →	
  D(*)D(*)	
  	
  

M(π+π-J/ψ)	
  (GeV)	
  

BESII PRL88, 101802 

Ecm	
  (GeV)	
  

X.	
  H.	
  Mo	
  et	
  al.,	
  PLB	
  640,	
  182	
  

e+e-­‐	
  →hadrons	
  



Is	
  there	
  a	
  b-­‐quark	
  version	
  of	
  Y(4260)?	
  

BB	
  

BB*	
  

B*B*	
  

e+e-­‐	
  	
  hadrons	
  

Ecm	
  (GeV)	
  



_	
  

Is	
  there	
  any	
  anomaly	
  in	
  
ϒ(4S,5S)	
  π+π- ϒ	
  (1S)	
  ?	
  

“bo}omonium”	
  	
  bb	
  	
  mesons	
  

2MB	
  =	
  10358.7	
  MeV	
  ϒ(
4S
)	
  



Γϒ(4S)π+π-­‐ϒ(1S)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Γ”ϒ(5S)”π+π-­‐ϒ(1S)	
  

2S 
3S 

4S 

ϒ(4S) → ϒ(1S) π+π-


477	
  h-­‐1	
  

52
±1

0 
ev

ts
 

Belle:	
  PRD	
  75	
  071103	
  

Signal	
  

23.6	
  h-­‐1	
  
Belle:	
  PRL	
  100	
  112001	
  

32
5±

20
 e

vt
s 

parent	
   N(π+π-­‐ϒ(1S))	
   Γ(Y4Sππϒ1S)	
   Γtheory	
  

ϒ(4S)	
   52±10	
   1.75	
  ±	
  0.35	
  keV	
   1.47±0.03	
  keV	
  
“ϒ(5S)”	
   325±20	
   590	
  ±	
  110	
  keV	
   <1.5	
  keV	
  

Lum ~1/20th  

σ ~1/5th 

Signal ~×6 

“5S” 
4S 3S 2S 



“ϒ(5S)”	
  π+π- ϒ	
  (1S)	
  ?	
  

Υ(1S)π+π- 

Υ(2S)π+π- 

Υ(3S)π+π- 

M2(π+π-) 

M
2
(
ϒπ

± )
 

M
2
(
ϒπ

± )
 

M
2
(
ϒπ

± )
 

π+π- 

π+π- 



“ϒ(5S)”	
  π+π- ϒ	
  (1S)	
  ?	
  

M(ϒ(1S)π±) 

Υ(1S)π+π- 

Υ(2S)π+π- 

M
2
(
ϒπ

± )
 

π+π- 

π+π- 

Υ(3S)π+π- 

M(ϒ(3S)π±) 



“ϒ(5S)”	
  	
  π-­‐Zb1,2	
  
+	
  

 π+ϒ	
  (1,2,3S)	
  

ϒ	
  (3S)	
  

ϒ	
  (2S)	
  

ϒ	
  (1S)	
  

M(ϒ(nS)π+)max 

π+
	
  

10
,6
10
	
  M

eV
	
  

10
,6
60
	
  M

eV
	
  

Belle	
  PRL	
  108,	
  122001	
  (2012)	
  
121.4	
  h-­‐1	
  



Zb(10610)	
  

M=10608±2 MeV 

Γ=18.4±2.4 MeV 

Zb(10650)	
  

M=10653±2 MeV 

Γ=11.5±2.2 MeV 

Belle	
  PRL	
  108,	
  122001	
  

Summary	
  of	
  parameter	
  measurements	
  

m
B+
m

B*
	
  

2m
B*

	
  

March	
  2012	
  b	
  d	
  

b	
  d	
  

B	
  

B*	
  



B-­‐B*	
  &	
  B*-­‐B*	
  molecules??	
  

B	
  

B*	
  

b	
  

b	
  

_	
  

B-­‐B*	
  “molecule”	
  

B*	
  

B*	
  

b	
  

b	
  

_	
  

B*-­‐B*	
  “molecule”	
  
_	
   _	
  

_	
   _	
  

Zb(106010)± Zb(106050)± 

MZb(106010) –(MB+MB*) = + 3.6 ± 1.8 MeV 
MZb(106010) –2MB* = + 3.1 ± 1.8 MeV 

Slightly	
  unbound	
  threshold	
  resonances??	
  

M=10608.1±1.7 MeV 
Γ=15.5±2.4 MeV 

M=10653.3±1.5 MeV 
Γ=14.0±2.8 MeV 

PDG:       MB + MB* = 10604.5±0.6 MeV MB* + MB* = 10650.2 ± 1.0 MeV 

Belle: 

_	
   _	
  



Zb(10610)BB*	
  &	
  Zb(10650)B*B*	
  

_	
   _	
  

Zb(106010)± Zb(106050)± 

M(B*B*)	
  
_	
  

M(BB*)	
  

_	
  

“ϒ(5S)”	
  	
  π-­‐(BB*)+	
  

_	
  

“ϒ(5S)”	
  	
  π-­‐(B*B*)+	
  

_	
  

Bf(Zb(10610)BB*	
  

Bf(Zb(10610)π+(bb)	
  

_	
  

_	
   =6.1±0.4	
   Bf(Zb(10610)B*B*	
  

Bf(Zb(10610)π+(bb)	
  

_	
  

_	
   =2.8±0.4	
  



Zb1	
  &	
  Zb2,	
  	
  “smoking	
  guns”	
  for	
  
non-­‐qq	
  mesons	
  

u	
  
b	
  d	
  

b	
    decays to ϒ	
  (nS) & hb(nP)  must contain bb pair 

 electrically charged   must contain ud pair  

_ 

_ 

_	
  



Are	
  there	
  c-­‐quark	
  versions	
  of	
  Zb’s	
  

Is	
  there	
  a	
  b-­‐quark	
  equivalent?	
  

Y(4260)	
  discovered	
  

Yes,	
  &	
  it	
  decays	
  to	
  Zb	
  states	
  

Are	
  there	
  c-­‐quark	
  versions	
  of	
  	
  Zb’s?	
  	
  

???	
  



 run BEPCII/BESIII as a Y(4260) factory 

Belle PRL99, 182004  

BESIII: arXiv:1303.5949  
σ(e+e-­‐→	
  π+π-­‐J/ψ)	
  =	
  (62.9±1.9±3.7)	
  pb	
  

e+e-­‐	
  γISRπ+π-J/ψ	



Typical 
J/ψ µ+µ- �e+e-­‐→	
  π+π-­‐J/ψ	
  

@Ecm=4260	
  MeV	
  

Y4260	
  

J/ψ	
   π+	
  

π-­‐	
  

e+	
   e+	
  



Dalitz	
  plots	
  &	
  1D	
  projec1ons �

44	
  

f0(980)?	
  

??	
  

reflec1on	
  
reflec1on	
  

reflec1on	
  

si
gn
al
	
  

re
fle

c1
on

	
  

signal	
  



Y(4260)π-­‐Zc(3900)+	
  	
  π+J/ψ �

  Mass  =  (3899.0±3.6±4.9) MeV 
  Width =  (46±10±20) MeV 
  Fraction = (21.5±3.3±7.5)% 

BESIII:  arXiv:1303.5949 

Significance  
>8σ 

π+	
  

π-­‐	
  

to	
  appear	
  in	
  PRL	
  



Zc(3900)	
  confirmed	
  by	
  Belle �

46	
  

              Belle arXiv: 1304.0121 

  Mass  =  (3894.5 ± 6.6 ± 4.5) MeV 
  Width =  (63 ± 24 ± 26) MeV 
  Fraction = (29.0 ± 8.9)% (stat. error only) 

to	
  appear	
  in	
  PRL	
  



Summary	
  

 	
  QCD	
  “exo1cs”	
  most	
  favored	
  by	
  theorists	
  do	
  not	
  seem	
  to	
  exist	
  
-­‐ 	
  evidence	
  for	
  Pentaquarks	
  has	
  disappeared	
  	
  
-­‐ 	
  H-­‐dibaryon	
  with	
  mass	
  near	
  2mΛ	
  is	
  excluded	
  at	
  stringent	
  levels	
  

 	
  	
  Numerous	
  non-­‐qq	
  mesons	
  not	
  specific	
  to	
  QCD	
  have	
  been	
  found	
  	
  
	
  	
   	
  -­‐	
  	
  Baryonium	
  in	
  J/ψγpp	
  at	
  BESII	
  and	
  BESIII	
  

	
  -­‐	
  	
  XYZ	
  mesons	
  containing	
  cc	
  and	
  bb	
  pairs	
  	
  	
  

 	
  The	
  JPC=1-­‐	
  -­‐	
  	
  Y(4260)	
  and	
  “ϒ(5S)”	
  have	
  no	
  compelling	
  interpreta1on	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  -­‐	
  strong	
  couplings	
  to	
  π+π-J/ψ (π+π-	
  ϒ(nS))	
  

	
  -­‐	
  strong	
  sources	
  of	
  charged	
  Zc	
  (Zb)	
  states	
  with	
  M	
  near	
  mD+mD*	
  	
  (mB(*)+mB*)
_	
  

_	
  	
  
_	
  

_	
  



Y(4360) 

Y(
46

60
) 

Y(4260) 

Y(
40

08
) 

X(3872) 

Y(3915) Zc(3900) 

X(3940)
 

Lots of pieces 



Back-­‐up	
  slides	
  



The	
  “Nagara”	
  6He	
  event	
  ΛΛ	



6He	
  ΛΛ	



5He	
  Λ	



H.	
  Takahashi	
  et	
  al,	
  PRL	
  87,	
  215502	
  (1977):	
  	
  	
  MH	
  >	
  2mΛ-­‐7.7	
  MeV	
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X(1835)	
  confirmed	
  at	
  BESIII	
  
(+	
  two	
  new	
  structures	
  with	
  M>2GeV)	
  

)2(GeV/c’M1.41.61.82.02.22.42.62.8)2Events/(0.02GeV/c0100200300400500)2(GeV/c’M1.41.61.82.02.22.42.62.8)2Events/(0.02GeV/c0100200300400500

f1(1510) 

two new ones!  
J/ψ→γηʹ′π+π-	



	
  	
  	
  	
  	
  	
  ηʹ′→ηπ+π-	
  

	
  	
  	
  	
  	
  	
  ηʹ′→γπ+π-	
  
BESIII	
  

X(1835) 

Resonance M( MeV/c2) Γ( MeV/c2) Stat.Sig. 
X(1835) 1836.5±3.0+5.6

-2.1 190.1±9.0+38
-36    >20σ 

X(2120) 2122.4±6.7+4.7
-2.7 83±16+31

-11    7.2σ 
X(2370) 2376.3±8.7+3.2

-4.3 83±17+44
-6    6.4σ 

Bkg-­‐subtracted;	
  
Eff.-­‐corrected	
  

X(1835): same mass and JPC as the pp peak, but larger width 
_ 

consistent with 0-+	
  

X(1835) consistent with 0-+ 

BESIII	
  PRL	
  106,	
  072002	
  (2011)	
  

narrow!! 

X(1835) 



What are these new structures? 

PRD73,014516(2006)	
  Y.Chen	
  et	
  al	
  

0-­‐+:	
  2560(35)(120)	
  
2++:	
  2390(30)(120)	
  

  first distinct resonant structures       
    observed above 2 GeV: 

    -LQCD predicts that the lowest –lying           
-----pseudoscalar glueball: around 2.3 GeV 

     -J/ψγη’π+π- is a good decay channel 
-----for finding 0-+ glueballs.  

   X(2120)/X(2370) possibilities:  
     -pseudoscalar &  tensor               

    glueball ?  
    -η/ηʹ′ excited states?  

   Need spin-parity analyses  

PRD82,074026,2010  J.F. Liu, G.J. Ding and M.L.Yan  
PRD83:114007,2011  (J.S. Yu, Z.-F. Sun, X. Liu, Q. Zhao)  

way above threshold, but narrow!! 



Event	
  in	
  the	
  Belle	
  Detector	
  	
  



2-­‐+	
  cc	
  assignment?	
  	
  ηc2?	
  

• Mass	
  is	
  too	
  high?:	
  	
  	
  
• 3872	
  vs	
  3837	
  MeV	
  

ηc2γhc(1S)	
  &	
  ππηc	
  modes	
  expected	
  to	
  dominate	
  

• Theor:	
  BKηc2	
  violates	
  factoriza1on	
  
• BKhc	
  not	
  seen	
  
• BKχc2	
  barely	
  seen	
  

• Theor:	
  ηc2	
  	
  DD*	
  expected	
  to	
  be	
  1ny	
  

• Belle	
  &	
  BaBar::	
  
Γ(XDD*)/Γ(Xπ+π-J/ψ)=9.5±3.1	
  

Y.	
  Kalasnikovaet	
  al	
  	
  arXiv:1008.2895	
  

_	
  

_	
  

_	
  

	
  	
  	
  	
  	
  use	
  theory:	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  c.f.:	
  	
  Γ(ψ’π0J/ψ)≈0.4	
  keV	
  

• Expt:	
  

€ 

Γ(ηc2 →ρ0 J /ψ)
Γηc2 →γJ /ψ)

= 3.4 ±1.2

€ 

Γ(ηc2 →γJ /ψ) ≈ 9keV

€ 

⇒Γ(ηc2 →ρ0J /ψ) ≈ 30keV
Y.	
  Jiaet	
  al	
  	
  arXiv:0107.4541	
  



“ϒ(5S)”	
  is	
  very	
  different	
  from	
  other	
  ϒ	
  states	
  	
  

Belle	
  PRL	
  100,	
  112001	
  (2008)	
   Γ(MeV) 

X10-­‐2	
  

Anomalous	
  produc1on	
  of	
  ϒ(nS)	
  π+π-­‐	
  

Recall	
  Y(4260)	
  with	
  anomalous	
  Γ(J/ψ	
  π+π-­‐)	
  	
  
⇒	
  Is	
  there	
  a	
  	
  Yb	
  equivalent	
  close	
  to	
  ϒ(5S)	
  

€ 

Bf (Υ(4S)→π +π −Υ(1S)) = (0.008 ± 0.0003)%
Bf (Y (5S)→π +π −Υ(1S)) = (0.53 ± 0.06)%

23.6	
  h-­‐1	
  	
  



The	
  “XYZ”	
  mesons	
  

Zb1(10610)	
  	
  	
  	
  	
  	
  	
  10,607±2	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  18±2	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1-­‐	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  π±ϒ(1,2,3S)/hb(1,2S);	
  BB*	
  	
  `ϒ(5S)’π±Zb1	
  
Zb2(10650)	
  	
  	
  	
  	
  	
  	
  10,653±2	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  12±2	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1-­‐	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  π±ϒ(1,2,3S)/hb(1,2S);B*B*	
  `ϒ(5S)’π±Zb2	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  


