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  Observation of the 'real' Observation of the 'real' χχ
c0c0

(2P)?(2P)?      

Phys.Rev. D95 (2017) 112003 
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Phys.Rev. D95 (2017) 112003 

M = 3862           MeV/c2    Γ =201             MeV 

_  r
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 = 0.46             r

b
 = 0.69± 0.01  +0.25
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  χχ
c0c0

(2P) (2P) 

Phys.Rev. D95 (2017) 112003 

M = 3862           MeV/c2    Γ =201             MeV 
+26+40
-32 -13

+154+88 
-67 -84

Open problems: 
- what is the X(3915) , then?
- where is the J=1 state? 
( X3872 is NOT a simple cc ) 
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From the simultaneous ft of XYZ data (40 pb-1/pt), and Rscan data (7-9 pb-1/pt), 
 BESIII shows that Y(4260)  is made of at least two Breit- Wigners:
Y(4220)   M=4222.0± 3.1 ±1.4 ,  Γ =44.1±4.3 ±2.0  
Y(4320)   M=4320.0±10.4±7.0 , Γ =101.4       ±10.2      

 BESIII, PRL 118,092001(2017) 

BESIII: XYZ scanBESIII: XYZ scan
-  e-  e++ee--→ →  J/ J/ψ ππψ ππ

+25.3
-19.7

Y(4260) : PDG2016: M = 4251± 9 ,  Γ = 120±12  
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BESIII: XYZ scanBESIII: XYZ scan
-  e-  e++ee--→ η → η J/J/ψ ψ 

Belle, PRD 87, 051101(R)
(2013) 

Belle found an additional peak at 4 GeV,
smaller in BESIII.  Size and  width of the peak
at 4220 are consistent with what observed in
psi pi pi. 
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BESIII: XYZ scanBESIII: XYZ scan
-  e-  e++ee--→ψʹππ→ψʹππ

ArXiV: 1703.08787
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The very fast change of the Dalitz Plot from 4.23 to 4.26 GeV
suggests that the region is populated by at least two states. 

BESIII: XYZ scanBESIII: XYZ scan
-  e-  e++ee--→ψʹππ→ψʹππ
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BESIII: XYZ scanBESIII: XYZ scan
-  e-  e++ee--→ψʹππ→ψʹππ

The double peak structure can be interpreted as a single Zc state: 
 with mass M =  4032.1±2.4 MeV/c2 
and total width   Γ = 26.1 ± 5.3 MeV

πψʹ

Y
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BESIII: XYZ scanBESIII: XYZ scan
-  e-  e++ee--→ η→ ηhh

cc
, ππ, ππ  hh

cc

PRD96, 012001 (2017) 

At least two peaks are needed to describe the
dipion transition.
More statistics is  needed to understand the
structure of  e+e-→ηh

c
 

Very different from bottomonium where 
on the Y(4S) peak    e+e-→ηh

b
 is dominant
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4.23+4.26+4.36 GeV

4.23+4.26 GeV

BESIII: XYZ scanBESIII: XYZ scan
-  -  ZZ

cc
(3900,4020) → (3900,4020) → π π hh

cc

Two Zc are observed in the π h
c
 final state 

Z
c
(3900)    M = 3886.2±2.4  MeV/c2       Γ = 28.1±2.6 MeV  

Z
c
(4020)    M = 4024.0±1.9  MeV/c2       Γ = 13 ± 5  MeV



LP2017, Guangzhou August 7-12 2017 R.Mussa, Hadron spectroscopy 16

  Belle: Belle: ee++ee--→ →  Y(1,2,3S) Y(1,2,3S) ππ ππ  

Data samples:   
 - 121.4 fb-1 on Y(5S) nominal peak, at √s
= 10865 GeV
 - 61 points, 50 pb-1, √s = 10.75-11.05 GeV
 - 16 points, 1 fb-1 ,  √s = 10.63-11.02 GeV
 - continuum data at  √s = 10520 GeV

R
b
 = σ (bb+X)/σ(μμ) 

   Peaks at 10.86, 11 GeV
R

Yππ
 =σ (Yππ)/σ(μμ) 

   Peaks at 10.89, 11; bump at 10.75?
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PRL 117,142001(2016)

  Belle: Belle: ee++ee--→ →  h h
bb
(1,2P)(1,2P) ππ ππ  

The analysis of the 6 points (1 fb-1 each)  in the proximity of the Y(6S) show a clear
evidence of dipion transitions to both the h

b
 states. The small statistics does not allow to

quantify the fractions decaying via Zb(10610) and Zb(10650) .

Belle-II is planning to take more data at Y(6S) during the first or second year of data taking
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  Tetraquarks Tetraquarks The tetraquark idea was meant to sort all the states in the scalar
meson multiplet. Later on, it was used to explain the nature of the
excited Ds mesons and of the X(3872).
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  XYZ as Tetraquarks XYZ as Tetraquarks 
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Tetraquark picture for charmonium-likeTetraquark picture for charmonium-like
states observed by LHCb in B states observed by LHCb in B →→  φψ Kφψ K  
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Discovery of Double Charm Baryons  Discovery of Double Charm Baryons  

As announced in Gao's talk this morning....
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        CQM rules! CQM rules! 
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  Double beauty Tetraquark Double beauty Tetraquark 

ArXiV:1707.09575

ArXiV:1707.07666
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       π           

        CQM rules! Part 2CQM rules! Part 2
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                                       Ξ
                                                                                    Ωc                                  Ωb 
Δ            Σ                                                Ξ'c                                         Ξ'b
                                             Σc                                          Σb

                                                                     Ξc                                         Ξb
N                 Λ                         Λc                                          Λb
 ρ
               K*                         D*                    Ds*
                                                                                            B*                    Bs*  

                                                                                             B                    Bs
                                             D                     Ds*

                      K

       π           

        AdS/CFT?AdS/CFT?

Brodsky, Dosch, De Teramond: “Superconformal QM at work!”
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From light hadrons...

Brodsky, Dosch, De Teramond: ArXiV 1504.05112
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From light hadrons...

… To heavy ones

Brodsky, Dosch, De Teramond: ArXiV 1504.05112
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From light hadrons...
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  ΛΛ
cc
 excited states excited states

The ground state is made of a qq 'good
diquark' (j

qq
=0) and a c quark. 

Spin/parity  of the excited states will
be J=L+s

c
  ; P=(-1)L

Studied by CLEO, Babar and Belle. 

Open problem: D-wave state with
J=3/2+ missing. 
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  ΛΛ
cc
 excited states excited states LHCb, ArXiv:1701.07873

LHCB: search for  Λ
c
*   in  Λ

b
 →  (pD0)K+ 

Sample : 11k  Λ
b
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  ΞΞ
cc
 excited states excited states BELLE, PRD94, 032002 (2016)
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  ΞΞ
cc
 excited states excited states
BELLE, PRD94, 052011 (2016)
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  ΞΞ
cc
 excited states excited states
BELLE, PRD94, 052011 (2016)
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  ΩΩ
cc
 excited states excited states LHCb, PRL 118 (2017) 182001

Karliner-Rosner (ArXiV: 1703.07774): narrow
width suggests that the ss diquark is very
tightly bound, and the decay:
   c(ss) → q(ss) cq =  Ξ D0   
is kinematically forbidden.
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Neutral bottomonium and charmonium bound state spectroscopy is approaching
completion: recent progress was made on  charmonium 2P wave

Above the thresholds, analogies and differences  are still not completely
understood: 
- Zb and Zc  exhibit different BR patterns
- BES-III is discovering a much richer phenomenology   between 4.2 and 4.4 GeV

Heavy meson and baryon spectroscopy are tightly bound 

LHC-b is  showing its huge potential in heavy hadron spectroscopy
- confrmation of the Zc(4430) tetraquark 
- observation of 4 tetraquark states in psi phi
- observation of the frst pentaquark
- discovery of many excited heavy baryons
- discovery of the frst double heavy baryon  

LHCB, BES-III and Belle-II future data taking promise new and even more exciting
results 

 In conclusion … In conclusion … 
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  ZZ
bb
 →  → BBB*+BB*+BB*B*, B*, B*B*B*    ArXiV:1209.6450
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 High energy scans: bHigh energy scans: bbb vs c vs ccc

Differences:
- Y(5,6S) peaks are well resolved,
Y(4.26,4.36) are NOT

- Transitions to h
b
 dominated by Z

b
,

While only 20% of h
c
 is reached via Z

c
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