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“Old	  spectroscopy”:	  	  	  
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mulCquark	  states	  from	  diquarks	  &	  dianCquarks	  
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mulCquark	  states	  from	  “molecules”	  
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Multiquark states?	
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Multiquark states have been discussed since page 1 of the quark model 



Multiquark states?	

10	

Multiquark states have been discussed since the 1st page of the quark model 



Through	  a	  theorist‘s	  mind	  

Visions	  of	  hadrons	  
van Gogh prediction of B-mode polarization in 1889? 



Visions	  of	  hadrons	  

What	  is	  seen	  by	  an	  experimenter	  



No	  Pentaquarks	  

€ 

dσ
dΩ

< 0.26µb /sr

€ 

σ < 0.26µb

€ 

γd→ pK −K +n

CLAS-‐2003	  “observaCon”	  

JLab	  CLAS	  -‐2006	  	  PRL	  96,	  212001	  

PRL	  91,	  252001	  

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

€ 

π −p→K −X @ 1.92GeV /c (Tanida-‐san)	  



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



No	  H	  dibaryon	  

M(Λpπ-‐)-‐2mΛ	
 M(ΛΛ)-‐2mΛ	


(≈1300	  ΛΛ	  events)	  

(≈1000	  ΛΛ	  events)	  

_	   _	  

expected	  signals	  for	  Bf(ϒHX)=1/20Bf(ϒdX)	  	  

_	  	  
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_	   _	   _	  

B.H.	  Kim	  et	  al	  (Belle)	  PRL	  110,	  222002	  (2013)	  
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90%	  CL	  upper	  limits	  on	  ϒ(1S,2S)H	  X	  

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



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

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

factor of ≈20 



QCD-‐moCvated	  mulCquark	  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?	  



The XYZ quarkonium-like 
 mesons 

BaBar	  

BK π+π-J/ψ	


M(π+π-J/ψ)-M(J/ψ) 

X(3872) 

BK ωJ/ψ	


M(ωJ/ψ) 

Y(3940) 

e+e-DD*J/ψ	

e+e-D*D*J/ψ	


M(DD*)	
 M(D*D*)	


Y(4260) 

Belle	  

Belle	  

Belle	  

Y(
40

08
)?

 

e+e-γISRπ+π-J/ψ	


Y(4350) & Y(4660) 

)2)  (GeV/c)J/-+m(2(44.555.52Events / 50MeV/c510)2)  (GeV/c)J/-+m(2(44.555.52Events / 50MeV/c510DataY(4260) + BKGNew resonance + BKG(2S))BKG (non-

M(π+π-J/ψ) 

M(π+π-ψ’) 

e+e-γISRΛcΛc 

M(ΛcΛc) 

M(ωJ/ψ) 
BaBar	  

BaBar	  

Belle	  

Belle	  

Belle	  

Belle	  

ψ’ 

X(3872
) 

e+e-γISRπ+π-ψ’ 

B-‐meson	  decays	  

IniGal-‐State	  -‐RadiaGon	  

M(φJ/ψ)-M(J/ψ) 

Y(4140)? 
CDF	  

Y(4350)? 

BK φJ/ψ	


γγφJ/ψ	
 γγωJ/ψ	


M(ωJ/ψ) M(φJ/ψ) 

Belle	  

X(3915) X(3940) X(4160) 
Belle	  

e+e-‐J/ψcc	  -‐	  

D(*)	  

D(*)	  -‐	  

γγ collisons	  M(π±ψ’)	  

Z(4430) 

BK π+ψ’ Belle	   Z1(4050), Z2(4250) 

M(π±χc1	  )	  

BK π+ψ’ BK π+χc1	  

Z(3930) 

γγDD	

Belle	  

M(DD)	


M(π+π-ψ’) 

M(π+π-J/ψ) 



The	  list	  keeps	  growing	  

Now lots 
of charged 
Zc mesons 

and two 
Zb mesons 



cc	  assignments	  for	  the	  XYZ	  mesons?	  _	  
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the X(3940) & X(4160) as 
the ηc(3S) & ηc(4S) would 
imply huge hyperfine 
splittings  for n=3&4  
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imply huge hyperfine 
splittings  for n=3&4  

the X(3915) mass and 
Γ(XωJ/ψ) too high  
& Γ(XDD) too low 
for the χc0(2P) 
(see arXiv:1410.6534). 

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

the X(3872) is a long 
complex story 

_ 

the X(3915) mass and 
Γ(XωJ/ψ) too high  
& Γ(XDD) too low 
for the χc0(2P) 
(see arXiv:1410.6534). 

_ 



The	  Y(4260)	  

Y(4260)	  



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

σ(e+e-‐	  	  hadrons)	  

Ecm	  (GeV)	  



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

σ(e+e-‐	  	  hadrons)	  

Ecm	  (GeV)	  
BaBar PRD86, 051102 

M(π+π-J/ψ)	  (GeV)	  

Y(4260)	  



 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,	  
an	  OZI	  suppressed	  mode	  for	  cc	  

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)?	  

e+e-‐	  	  hadrons	  

Ecm	  (GeV)	  

e+
e-‐

π+
π-‐
	  J/
ψ
	


e+e-‐	  π+π-J/ψ	  



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

BB	  

BB*	  

B*B*	  

e+e-‐	  	  hadrons	  
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dr
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e+
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1S
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Is	  there	  a	  b-‐quark	  version	  of	  Y(4260)?	  

BB	  

BB*	  

B*B*	  

e+e-‐	  	  hadrons	  

Ecm	  (GeV)	  
e+
e-‐

ha
dr
on

s	  

e+
e-‐

π+
π-‐
	  J/
ψ
	


e+
e-‐

π+
π-‐
ϒ(
1S
)	  

?	  
π+π-‐ϒ(1S)	  

e+e-‐	  π+π-J/ψ	  



Yes	  

e+e-‐π+π-‐ϒ(nS)	  

e+e-‐B(*)B(*)(π))	  

π+π-‐ϒ(nS)	  rate	  is	  100’s	  of	  Cmes	  
	  boqomonium	  expecCons	  	  

_	  



“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	  b-‐1	  



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??	  

_	   _	  

Amplitude	  analyses:	  	  both	  states	  have	  JP	  =	  1+	  



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: PRL 110, 252001 (2013)  
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+	  



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

BESIII:  PRL 110, 252001 

Significance  
>8σ 

π+	  

π-‐	  

Y(4260)π-‐Zc(3900)+ �
	  	  π+J/ψ �

Y(4260)	   Zc	  
J/ψ	


I	  



Zc(3900)	  also	  seen	  by	  Belle�

42	  

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

Belle:  PRL 110, 252002 



π-‐	  

  Mass  =  (3883.9 ±1.5 ±4.2) MeV 
  Width =  (24.8 ±3.3 ±11.0) MeV 
  DD*/π+π-J/ψ = 6.2 ± 1.1 ± 2.7 

Y(4260)	  
Zc	  	  DD*	  

Y(4260)π-‐Zc(3900)+ �

DD*	  

_	  
D0D*+	  

D+D*0	  
_	  

_	  

_	  

BESIII	  PRL	  112,	  022001	  (last	  month)	  

D*+	

D0	


_	  

Significance  
>18σ 

_	  



JP	  of	  the	  Zc(3900)?	  

e+	   e-‐	  

π-‐	  

Zc	  
JPC=??	  

JPC=0-‐	  

iniCal	  state:	  	  	  

€ 

J;Jz = 1;±1  P = −1

final	  state:	  	  	   π	   Zc	  
0-‐	   0+	   forbidden	  by	  Parity	   -‐-‐-‐	  

0-‐	   0-‐	  

0-‐	   1+	   flat	  

0-‐	   1-‐	  

€ 

L;Lz S;Sz

€ 

1;±1 0;0

€ 

0;0 1;±1

€ 

1;±1 1;0 − 1;0 1;±1
€ 

dN
d | cosθ |

€ 

∝ sin2θ

€ 

∝1+ cos2θ

JP=1-‐	  

JP=1+	  

JP=0-‐	  

The	  data	  clearly	  
establish	  JP=1+	  

1;±1	  

BESIII	  data	  

θ	  



Are	  there	  others?	  



Study	  Y(4260)π+π-‐	  hc	  decays	  

π+π-‐	  

BESIII	  PRL	  111,	  242001	  (2	  months	  ago)	  

sharp M(πhc) peak but not near ~3900 MeV 

M(π±hc)	  

γηc	  
16	  channels	  

γ	  

hadrons	  



Y(4260)π+Zc(4020)-‐	  

Mass  =  (4022.9 ±0.8 ±2.7) MeV 
Width =  (7.9 ±2.7 ±2.6) MeV 
fraction = 0.18 ± 0.07 

no	  significant	  signal	  for	  Zc(3900)±π±hc	  

BESIII	  PRL	  111,	  242001	  	  

	  	  M(π±hc)	  

Fit results: 

=	  4017.3	  ±0.3	  MeV	  
5.6 ± 2.8 MeV above D*0D*- thresh.  

Zc(4020)	  

π+	  

π-‐	  

γ	  

π-‐hc	  

hadrons	  



Big	  news	  this	  year	  



The	  Z(4430)	  

Z(4430)	  

π	




Found	  by	  Belle	  in	  2007	  

S-‐K	  Choi	  et	  al	  Belle:	  PRL	  100	  142001	  

2007	  slice	  &	  dice	  analysis	  

M(π+ψ’)	  

BKπ+ψ’	  

5.2σ	


€ 

M = 4433 ± 4 ± 2 MeV
Γ = 45−13−13

+18+30  MeV

not	  confirmed	  by	  BaBar	  (only	  a	  1.9σ	  “hint”)	  



Belle	  4-‐dim.	  amplitude	  analysis	  

S-‐K	  Choi	  et	  al	  Belle:	  PRL	  100	  142001	  

2007	  slice	  &	  dice	  analysis	  

2013:	  4-‐dim	  amplitude	  analysis	  

M(π+ψ’)	  

K	  Chilikin	  et	  al	  Belle:	  PRD	  88	  074026	  

BKπ+ψ’	  

M2(π+ψ’)	  

5.2σ	

6.1σ	


€ 

M = 4485−22−11
+22+28  MeV

Γ = 200−46−35
+41+26  MeV

no	  Z	  

4485	  MeV	  



Confirmed	  by	  LHCb	  last	  spring	  
BKπ+ψ’	  :	  	  4-‐dim	  amplitude	  analysis	  

PRL	  112,	  222002	  	  

>13.9σ	


€ 

         JP =1+

M = 4475 ± 7−25
+15  MeV

Γ =172 ±13−34
+37  MeV

All	  Kπ	  masses	  

M(π+ψ’)	  (GeV)	  M(π+ψ’)	  (GeV)	  

non	  K*	  

4475	  MeV	  



Argand	  plot	  shows	  BW-‐like	  phase	  moCon	  
BW	  Model-‐independent	  Argand	  plot	  

BW-‐like	  resonant	  phase	  moCon	  

sCll	  some	  skepCcs,	  see:	  	  Pakhlov	  &	  Uglov,	  arXiv:1408.5295	  

Any non-resonance explanation of the data requires 
an amplitude with: 
                - rapid 180o phase change near peak 
                - coherence with K*ψ’	  “background” 



Curious	  feature	  

€ 

Bf (Z4430
− →π− ʹ′ ψ )

Bf (Z4430
− →π−J /ψ)

≈10

decays to ψ’ favored 
over those to J/ψ 



Z(4430)	  =	  radial	  excitaCon	  of	  Zc(3900)?	  

ψ(1S)	   ψ(2S)	  

Radial	  Wave	  FuncGons	  

The  cc part of the wave function of the Z(4430) likely has a node 
 a radial excitation of the ground state: the Zc(3900)?   

M(Zc(4430))-M(Zc(3900)) = 589 ± 30 MeV       
            M(ψ’) – M(J/ψ) = 589  MeV  

_	  

c	  
_	  

c	  

r	  

q	  

q	  
_	  



The	  JP=1+	  charmoniumlike	  states	  

D*-‐D*	  molecule?	  

D-‐D*	  molecule?	  

_	  

_	  



The	  JP=1+	  charmoniumlike	  states	  
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D-‐D*	  molecule?	  

_	  

_	  

D*D* threshold 
equivalent of 
the X(3872)? 

_ 

Nieves	  &	  Valderrama	  PRD	  86	  056004	  
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The	  JP=1+	  charmoniumlike	  states	  

*	  

D*-‐D*	  molecule?	  

D-‐D*	  molecule?	  

_	  

_	  

D*D* threshold 
equivalent of 
the X(3872)? 

_ 
Mψ’	  –	  MJ/ψ	

≈MD*(2S)-‐MD*(1S)	  € 

MD(2S ) = 2540 ± 8 MeV
MD*(2S ) = 2609 ± 4 MeV

BaBar	  PRD	  83,	  032004	  (2011)	  

*	  

(4200)	  

Now we have this!! 
no nearby relevant threshold 

Belle	  arXiv:1408.6457	  

Nieves	  &	  Valderrama	  PRD	  86	  056004	  



The	  JP=1+	  boqomonium	  states?	  

I=1	   I=0	  



The	  JP=1+	  boqomonium	  states?	  

I=1	   I=0	  

b-quark equiv 
of X(3872)? 



LHC	  searches	  for	  b-‐sector	  version	  of	  X(3872)	  

CMS:	  PLB	  727	  (2013)	  57	  

€ 

pp → π
+
π
−
Υ(1S ) +  anything

relevant Xb transition: 
          isospin-allowed XbωΥ(1S)     

mD0+mD*0	  

MJ/ψ	


mB+mB*	  

MΥ(1S)	  

b-quark sector	  c-quark sector	  

ρ	


ω	


ρ: isospin-violating	   ω: isospin-allowed	  

can ATLAS, CMS &/or LHCb do this? 

mB+mB*	  

ATLAS:	  arXix:1410.4409	  

CMS	  

X(3872)	   Xb(????)	  



Proposed	  structures	  for	  the	  new	  mesons	  	  

Molecules	  

QCD	  tetraquarks	  

Hadrocharmonium?	  

(NB:	  QCD-‐hybrids	  &	  glueballs	  have	  no	  charged	  quarkoniumlike	  states)	  

u	  c	  
c	  d	  _
_



Molecules?	  
good	  points:	  	  	  	  -‐-‐	  many	  (most?)	  states	  are	  close	  to	  thresholds	  	  

	  -‐-‐	  someCmes	  very	  close:	  MX(3872)=mD0+mD0*	  to	  one	  part	  in	  104	  

-‐-‐	  decay	  paqerns	  reflect	  nearby	  thresholds	  
	  -‐-‐	  states	  near	  2mD*	  (2mB*)	  like	  to	  decay	  ZD*D*	  (B*B*)	  &	  not	  DD*	  (BB*)	  

-‐-‐decays	  to	  πJ/ψ	  (πΥ(ns))	  and	  πhc	  (πhb)	  occur	  with	  similar	  strengths	  

problems:	  	  	  	  

the c and c quarks: 
 --don’t have much overlap 
 --colors are uncorrelated  

_ 

-‐-‐	  some	  states	  are	  not	  close	  to	  thresholds	  	  

-‐-‐	  difficult	  to	  account	  for	  large	  decays	  to	  hidden	  quarkonium	  

-‐-‐	  X(3872)	  producCon	  in	  high	  energy	  pp	  collisions	  similar	  to	  that	  for	  ψ’	  	  € 

e.g. Γ(Zc →πJ /ψ)
Γ(Zc →DD *)

= 0.16 ± 0.07

  ⇒Γ(Zc →πJ /ψ) ≈ a few MeV
not so small 

_	  _	   _	   _	  



QCD	  tetraquarks?	  …	  hadrocharmonium?	  

€ 

Γ(Zc →πJ /ψ)
Γ(Zc →DD *)

= 0.16 ± 0.07

problems:	  

good	  points:	  	  	  	  -‐-‐	  decays	  to	  hidden	  charmonium	  not	  suppressed	  
	  -‐-‐	  c	  and	  c	  have	  large	  overlap	  

	  	  	  	  	  	  	  	  	  -‐-‐	  colors	  are	  correlated	  	  

-‐-‐	  mass	  & ψ’	  affinity	  of	  the	  Zc(4430)	  is	  ok	  
	  -‐-‐predicted	  the	  Zc(3900)	  

-‐-‐	  masses	  not	  restricted	  to	  thresholds	  	  

-‐-‐-‐	  producCon	  in	  high	  energy	  pp	  collisions	  okay	  

-‐-‐	  many	  detailed	  predicCons	  

-‐-‐	  many	  of	  the	  detailed	  predicCons	  were	  wrong	  

	  	  	  	  	  	  	  	  predicCon	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  experiment	  

	  	  	  	  	  	  -‐-‐	  X(3872)	  is	  1	  of	  a	  doublet	  	  	  	  	  	  	  	  	  	  	  only	  1	  X(3872)	  

	  	  	  	  	  	  -‐-‐	  Zc(3900)	  partner	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  MZc(4020)=	  4023	  MeV	  
	  	  	  	  	  	  	  	  	  	  	  at	  M≈3800	  MeV	  	  

	  	  	  	  	  	  -‐-‐	  

_	  

€ 

Γ(Zc →πJ /ψ)
Γ(Zc →DD *)

≈ 7

u	  c	  
c	  d	  _

_



QCD	  tetraquarks?	  …	  hadrocharmonium?	  

€ 

Γ(Zc →πJ /ψ)
Γ(Zc →DD *)

= 0.16 ± 0.07

problems:	  

good	  points:	  	  	  	  -‐-‐	  decays	  to	  hidden	  charmonium	  not	  suppressed	  
	  -‐-‐	  c	  and	  c	  have	  large	  overlap	  

	  	  	  	  	  	  	  	  	  -‐-‐	  colors	  are	  correlated	  	  

-‐-‐	  mass	  & ψ’	  affinity	  of	  the	  Zc(4430)	  is	  ok	  
	  -‐-‐predicted	  the	  Zc(3900)	  

-‐-‐	  masses	  not	  restricted	  to	  thresholds	  	  

-‐-‐-‐	  producCon	  in	  high	  energy	  pp	  collisions	  okay	  

-‐-‐	  many	  detailed	  predicCons	  

-‐-‐	  many	  of	  the	  detailed	  predicCons	  were	  wrong	  

	  	  	  	  	  	  	  	  predicCon	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  experiment	  

	  	  	  	  	  	  -‐-‐	  X(3872)	  is	  1	  of	  a	  doublet	  	  	  	  	  	  	  	  	  	  	  only	  1	  X(3872)	  

	  	  	  	  	  	  -‐-‐	  Zc(3900)	  partner	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  MZc(4020)=	  4023	  MeV	  
	  	  	  	  	  	  	  	  	  	  	  at	  M≈3800	  MeV	  	  

	  	  	  	  	  	  -‐-‐	  

_	  

€ 

Γ(Zc →πJ /ψ)
Γ(Zc →DD *)

≈ 7

u	  c	  
c	  d	  _

_



Summary	  
 Numerous	  4-‐quark	  meson	  candidates	  not	  specific	  to	  QCD	  have	  been	  found	  

	  -‐	  	  XYZ	  mesons	  containing	  cc	  and	  bb	  pairs,	  some	  of	  which	  are	  charged.	  

	  -‐	  Z(4430)-‐	  confirmed	  by	  LHCb,	  BW-‐like	  resonant	  behavior	  established	  

	  	  	  	  	  	  	  	  	  -‐	  Large	  parCal	  widths	  for	  hadronic	  transiCons	  to	  quarkonium	  
               -‐	  e.g. Γ(Z(4430)-‐)π-ψ’)>7.5	  MeV,	  Γ(Z(3900)-‐)π-J/ψ)≈2	  MeV	  

	  -‐	  Z(4430)-‐	  π- J/ψ	  seen:	  	  Bf(Z(4430)-‐	  	  π- J/ψ)	  <<	  Bf(Z(4430)-‐	  π-ψ’)	  

	  -‐	  Many	  states	  are	  near	  thresholds	  (ala	  molecules),	  but	  not	  all.	  	  

 	  No	  single	  model	  reproduces	  the	  observed	  properCes	  of	  all	  states	  

	  	  	  	  	  	  	  -‐	  molecule	  models	  have	  trouble	  with:	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  -‐	  large	  	  (π+)π-J/ψ & (π+)π-	  ϒ(nS)	  decay	  widths	  
             -‐	  states	  not	  near	  threshold	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  -‐	  producCon	  (at	  least	  for	  the	  X(3872))	   

	  -‐	  QCD	  tetraquark-‐based	  (&	  hadrocharmonium)	  models	  have	  trouble	  with:	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  -‐	  mass	  and	  decay-‐width	  predicCons	  

 	  All	  the	  labs	  are	  involved:	  JLAB,	  JPARC,	  BESIII,	  BaBar,	  Belle,	  CDF,	  D0,	  LHCb,	  CMS,	  ATLAS,…	  	  	  

_	   _	  

`	  	  



Thank You 

감사합니다 

谢 谢	  


