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•	
  	
  Evidence	
  of	
  Higgs	
  (like)	
  has	
  been	
  observed	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Low	
  energy	
  QCD	
  for	
  Hadron	
  is	
  perhaps	
  least	
  understood	
  
	
  

•	
  	
  Lagrangian	
  is	
  simple	
  but	
  not	
  easy	
  to	
  solve	
  
	
  

•	
  	
  Long	
  history:	
  Experiments,	
  Models	
  (Empirical	
  rules),	
  	
  
	
  	
  	
  	
  Computer	
  simulaKons	
  (LaXce	
  QCD,	
  Kei	
  SC@Kobe)	
  	
  
	
  

•	
  	
  Recent	
  (last	
  decade)	
  observaKons	
  has	
  opened	
  
	
  	
  	
  	
  Unexpectedly	
  rich	
  spectrum	
  near	
  thresholds	
  	
  
	
  	
  	
  	
  at	
  KEK,	
  Spring-­‐8,	
  J-­‐PARCBES,	
  RHIC,	
  LHC,	
  …	
  
	
  	
  	
  	
  	
  

––	
  Hadron	
  Physics	
  ––	
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  around	
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Hadrons	
  are	
  composite	
  	
  

ParKcle	
  data	
  book	
  (PDG)	
  

Many	
  resonant	
  states	
  

July	
  2013	
  

q q

q
q q



But	
  all	
  of	
  them	
  seem	
  excitaKons	
  of	
  	
  
minimum	
  number	
  (2	
  or	
  3)	
  	
  of	
  valence	
  quarks	
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But	
  why	
  not	
  exoKcs	
  such	
  as	
  

•	
  	
  Gluon	
  excitaKons	
  (glueballs,	
  hybrids,	
  …)	
  
•	
  	
  Hadrons	
  of	
  more	
  quarks,	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  tetraquarks,	
  pentaquarks,	
  …	
  
•	
  	
  MulK-­‐hadron	
  hadrons	
  (hadronic	
  molecules)	
  	
  
	
  	
  	
  	
  other	
  than	
  atomic	
  nuclei	




But	
  all	
  of	
  them	
  seem	
  excitaKons	
  of	
  	
  
minimum	
  number	
  (2	
  or	
  3)	
  	
  of	
  valence	
  quarks	
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But	
  why	
  not	
  exoKcs	
  such	
  as	
  

•	
  	
  Gluon	
  excitaKons	
  (glueballs,	
  hybrids,	
  …)	
  
•	
  	
  Hadrons	
  of	
  more	
  quarks,	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  tetraquarks,	
  pentaquarks,	
  …	
  
•	
  	
  MulK-­‐hadron	
  hadrons	
  (hadronic	
  molecules)	
  	
  
	
  	
  	
  	
  other	
  than	
  atomic	
  nuclei	


Variety	
  of	
  flavors	
  (Heavy	
  quarks)	
  may	
  be	
  a	
  good	
  probe	




Nambu’s	
  SSBχ	
  &	
  Yukawa’s	
  pion	
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(1)	
  Light	
  bare	
  quarks	
  	
  
	
  	
  =>	
  Massive	
  cons.tuent	
  quarks	
  
	
  

(2)	
  Appearance	
  of	
  the	
  massless	
  pion	


N	
 N	



σ ⋅ q

σ ⋅ q
π	
OPEP	
  

Long	
  range	
  tensor	
  force	
  
spin	
  and	
  orientaKon	
  dependent	




July	
  2013	
 Baikal	
  WS	
 8	
q	
 q	



σ ⋅ q

σ ⋅ q
π	
OPEP	
  

Long	
  range	
  tensor	
  force	
  
spin	
  and	
  orientaKon	
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(1)	
  Light	
  bare	
  quarks	
  	
  
	
  	
  =>	
  Massive	
  cons.tuent	
  quarks	
  
	
  

(2)	
  Appearance	
  of	
  the	
  massless	
  pion	


Light	
  quarks	


Nambu’s	
  SSBχ	
  &	
  Yukawa’s	
  pion	




2.	
  ExoKc	
  hadrons	
  with	
  many	
  quarks	
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  e+e-­‐	
  collider	
  at	
  11.5	
  GeV	
  (CM)	


Near	
  flavor	
  thresholds	
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Manifestly,	
  implicitly	
  non-­‐qq	
  mesons	


State	
 Mass (MeV)	
 Width (MeV)	
 Decay	
 Production	


Ys(2175)	
 2175±8	
 58±26	
 ff0	
 ISR	


X(3872)	
 3871.84±0.33	
 <0.95	
 J/ypp, J/yg	
 B decay	


X(3872)	
 3872.8 +0.7/-0.6	
 3.9 +2.8/-1.8	
 D*0D0	
 B decay	


Z(3940)	
 3929±5	
 29±10	
 DD	
 gg	


X(3940)	
 3942±9	
 37±17	
 DD*	
 Double-charm	


Y(3940)	
 3942±17	
 87±34	
 J/yw	
 B decay 

Y(4008)	
 4008 +82/-49	
 226 +97/-80	
 J/ypp	
 ISR	


Z(4051)+	
 4051 +24/-43	
 82 +51/-28	
 pcc1	
 B decay	


X(4160)	
 4156±29	
 139 +113/-65	
 D*D*	
 Double-charm	


Z(4248)+	
 4248 +185/-45	
 177 +320/-72	
 pcc1	
 B decay	


Y(4260)	
 4264±12	
 83±22	
 J/ypp	
 ISR	


Y(4350)	
 4361±13	
 74±18	
  y’pp	
 ISR	


Z(4430)+	
 4433±5	
 45 +35/-18	
 y’p	
 B decay	


Y(4660)	
 4664±12	
 48±15	
  y’pp	
 ISR	


Yb(10890)	
 10889.6±2.3	
 54.7 +8.9/-7.6	
 ppΥ(nS)	
  e+e- annihilation	


Y(3915)	
 3915±4	
 17±10	
 J/yw	
 gg	


X(4350)	
 4350 +4.7/-5.1	
 13 +18/-14	
 J/yf	
 gg	


hb(1P)	
 9898.3±1.5	
 MM(pp)	
 Υ(5S) /Yb decay	


hb(2P)	
 10259.3 +1.6/-1.2	
 MM(pp)	
 Υ(5S) /Yb decay	


Zb(10610)	
 10608.4±2.0	
 15.6±2.5	
 (Υ(nS) or hb) p	
 Υ(5S) /Yb decay	


Zb(10650)	
 10653.2±1.5	
 14.4±3.2	
 (Υ(nS) or hb) p	
 Υ(5S) /Yb decay	


Zc(3900),	
  Phys.	
  Rev.	
  Lel.	
  110,	
  252001	
  (2013)	
  	


X(3872)	


Zb(10610)	

Zb(10650)	




C	
  quark	
  spectroscopy	
  
Stable	
  under	
  strong	
  decay	
  

DD*	
  

DD	
  

DD*	
  

D*D*	
  

Z(4430)	


N=1	


N=2	


1	
  
N2	
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Zc(3900)	




B	
  quark	
  spectroscopy	
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5s	
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BB	
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Q	
  Q	


Qq	
  	
  	
  	
  	
  	
  	
  qQ	

B	
 B	


Hadronic	
  	
  
molecule	


5s	

Zb(10650)	
  
Zb(10610)	


N=1	


N=2	


N=3	


1	
  
N2	


Quarkonium	


BB	

BB*	

B*B*	




Clusterized	
  mulKquarks	
  	
  
and	
  interacKons	
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ccqq	
 D	
 D	


 π, ρ, ω	


Multiquarks (with light flavor) rearrange into hadrons	


            Chiral dynamics among light quarks	




Two	
  issues	
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(1) 	
  qqbar	
  creaKon	
  near	
  the	
  threshold	
  	
  à	
  MulKquark	
  configuraKon	
  
(2) 	
  Rearrangements	
  of	
  the	
  mul4quark	
  configura4on	
  	
  Clustering	
  	


Exo4c	
  
	
  correla4on	
  

12C 02
+ Hoyle state 

7.6	
  MeV	
  

Single	
  par4cle	
  like	
  

M.	
  Itoh	
  et	
  al,	
  PRC84,054308(2011)	
  "Physics	
  Viewpoint"	
  
(RCNP	
  experiment)	


Talk	
  by	
  S.	
  Ershov	




	
  	
  3.	
  Hadronic	
  molecules	
  	
  
with	
  heavy	
  quarks	
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(1)  	
  	
  DbarN	
  and	
  BN	
  	
  
	
  	
  
(2)	
  	
  	
  Zb	
  and	
  related	
  states	
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(1)	
  	
  DbarN	
  and	
  BN	
  	
  

Another	
  form	
  of	
  exo.c	
  baryons	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Hadronic	
  molecules	


Yamaguchi,	
  Yamaguchi,	
  Yasui	
  and	
  Hosaka	
  
Phys.Rev.D84:014032,2011,	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  D85,054003,2012	
  
Ohkoda,	
  Yamaguchi,	
  Sudoh,	
  Yasui	
  and	
  Hosaka	
  
arXiv:1210.3170,	
  in	
  PRD	
  
Phys.Rev.	
  D86:	
  034019,	
  2012	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  D86:	
  014004,	
  2012	
  	




OPEP	
  induced	
  HQ	
  molecules	
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Loosely bound or resonance of DN (cqqqq)	



• Heavy Q symmetry: D ~ D*  à  Coupled channel of DN and D*N	



• Tensor of OPEP	



N	

 N	

 N	



D	

 D*	



0−

1
2
+

1
2
−

 l = 0	


1−

1
2
+

 l = 2	



D	



Yasui-Sudoh, PRD80, 034008, 2009	


Yamaguchi-Ohkoda-Yasui and Hosaka, PRD84:014032,2011	



mK * −mK ~ 400 MeV
mD* −mD ~140 MeV
mB* −mB ~ 35 MeV

π	



                       qq               qqbar(annihilation)      	


 π      +   ρ(attraction)          attraction	


            +   ω(repulsion)          attraction	


• Short range	
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Qq-­‐qqq	
  Loosely bound states:  I, JP = 0, 1/2–	



Three	
  coupled-­‐channels	
  DN	
   BN	
  



More	
  low-­‐lying	
  states	


July	
  2013	
 Baikal	
  WS	
 20	


Yamaguchi	
  et	
  al,	
  D85,054003,2012	
  
Various	
  states	
  near	
  the	
  thresholds	
  



More	
  low-­‐lying	
  states	
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Yamaguchi	
  et	
  al,	
  D85,054003,2012	
  
Various	
  states	
  near	
  the	
  thresholds	
  

degenerate	
  pair	
  
mQ	
  	
  ∞	




(2)	
  	
  Zb(10610,	
  10650)	
  and	
  related	
  states	

arXiv:1105.4583v1	
  [hep-­‐ex];	
  
PRL	
  108,	
  032001	
  (2012)	
  

IG(JP)	
  =	
  1+(1+)	
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b b

π

Υ(5S)

Z  b1  Z   b2

Υ(2S, 10023)
Υ(3S, 10355)

Υ(1S, 9460)
h  (1P, 9898)b
h  (2P, 10259)b

10860

Invariant mass analysis

10653, 10608

e+

~11 GeV
e-

Three-body decay

π
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Invariant	
  mass	
  of	
  πΥ(nS)	


πΥ(1S)	
 πΥ(2S)	


πΥ(3S)	
 In	
  all	
  cases,	
  	
  
twin	
  peaks	
  are	
  observed!	




Characters	
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•  States appear near the thresholds	


	


•  Masses of Zb(10610), Zb(10650) are similar	


	


•  Heavy spin changing processes occur	


Υ(5S)  à  Zb   à   Υπ	


                                   hbπ	


Explained by Zb molecules	


(OK)	


	



(No)	




B(*)B(*)	
  molecules	
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Ohkoda,	
  Yamaguchi,	
  Yasui,	
  Sudoh	
  and	
  Hodaka	
  
arXiv:1111.2921	
  [hep-­‐ph],	
  Phys.Rev.	
  D86	
  (2012)	
  014004	


Rich structure due to BB (or QQqq)	


                 BB              BB*            B*B*     	


                 S = 0                   S = 1                S = 0, 1, 2	


	



L = 0            0–                 1–             0–, 1–, 2–  	


L = 1            1+             0+, 1+, 2+     0+, 1+, 2+, 3+	


 ….	

  ….	



L	
B(*)	
 B(*)	


spin	

Orbital	
  L	


[S, L] J	
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PredicKons:	
  	
  Low-­‐lying	
  states,	
  L	
  <	
  2	
	
  	
 –	


Ohkoda,	
  Yamaguchi,	
  Yasui,	
  Sudoh	
  and	
  Hodaka	
  
Phys.Rev.	
  D86	
  (2012)	
  014004	




JPC	
 0– +	
 1– –	
 1+ –	
 0+ +	
 1+ +	
 2+ +	
 2– –	


B*B*	

B*B	

BB	


11000	


10500	
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9500	
  η(1S)	


 η(2S)	


 η(3S)	


 Υ(1S)	


 Υ(2S)	


 Υ(3S)	


 hb(1P)	


 hb(2P)	


 χb0(1P)	
  χb1(1P)	
  χb2(1P)	


 χb0(2P)	
  χb1(2P)	
  χb2(2P)	

 Υ(13D2)	


Bottomonia and molecules near the threshols	


[MeV]	


 Υ(5S)	


July	
  2013	
 Baikal	
  WS	
 27	




JPC	
 0– +	
 1– –	
 1+ –	
 0+ +	
 1+ +	
 2+ +	
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B*B*	

B*B	

BB	


11000	
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  η(1S)	


 η(2S)	


 η(3S)	
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 hb(2P)	


 χb0(1P)	
  χb1(1P)	
  χb2(1P)	


 χb0(2P)	
  χb1(2P)	
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 Υ(13D2)	


Transitions and selection rules	


[MeV]	


 Υ(5S)	
 Creation of B(*)B(*)	
  Moleculars	


Decay of B(*)B(*)	
  Moleculars	
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HQ	
  selecKon	
  rules	


Jtot = JH + jl	


Recoupling:  [[JH1 jl1][JH2 jl2]]
Jtot à [[JH1 JH2][jl1 jl2]]

Jtot	


Zb(10610) :
1√
2
(BB̄∗ − B∗B̄)(3S1) (65)

Zb(10650) : B∗B̄∗(3S1) (66)

W++
b0 :

1

2
(0−H ⊗ 0−l ) +

√
3

2
(1−H ⊗ 1−l )|J=0 (67)

W ′++
b0 :

√
3

2
(0−H ⊗ 0−l ) − 1

2
(1−H ⊗ 1−l )|J=0 (68)

W++
b1 : (1−H ⊗ 1−l )|j=1W

++
b2 (69)

Γ(Z0
b → χb0(1P )γ) : Γ(Z0

b → χb1(1P )γ) : Γ(Z0
b → χb2(1P )γ)

1 : 2.6 : 4.1
(70)

Γ(Z0
b → χb0(2P )γ) : Γ(Z0

b → χb1(2P )γ) : Γ(Z0
b → χb2(2P )γ)

1 : 2.5 : 3.8
(71)

ω0 ≈ 370, ω1 ≈ 350, ω2 ≈ 335 (72)

B∗B̄∗(3S1) :
[
[bq̄]1, [b̄q]1

]1
(73)

=
∑

H,l

1̂1̂Ĥl̂






1/2 1/2 1
1/2 1/2 1
H l 1





[
[bb̄]H , [q̄q]l

]1
(74)

=
1√
2
(0−H ⊗ 1−l ) +

1√
2
(1−H ⊗ 0−l ) (75)

12

Zb(10650)	


Zb(10610)	


Table 3: Coupling constants gn and the mass shifts δM of Zb. Mth is the theresh-
olds of the decay channel. Unit of the values is MeV

Υ(1S)π Υ(2S)π Υ(3S)π hb(1P )π hb(2P )π
Mth 9600 10163 10495 10033 10399
gn 1986 844 956 7392 14179
δM 8.5 0.6 -1.1 0.1 -2.6

5 Decay ratio of molecular bottomonium

5.1 Zb state

[[l1, s1]
j1 , [l2, s2]

j2 ]J =
∑

L,S

ĵ1ĵ2L̂Ŝ






l1 s1 j1

l2 s2 j2

L S J




 [[l1, l2]
L, [s1, s2]

S]J (18)

BB̄∗(3S1)

BB̄∗(3S1) : [[b1, q̄1]
0, [b̄2, q2]

1]1

=
∑

L,S

0̂1̂L̂Ŝ






1/2 1/2 0
1/2 1/2 1
L S 1




 [[b1, b̄2]
L, [q̄1, q2]

S]1

= 0̂1̂0̂1̂
1

6
[[bb̄]0, [q̄q]1]1 − 0̂1̂1̂0̂

1

6
[[bb̄]1, [q̄q]0]1

+0̂1̂1̂1̂
1

3
√

6
[[bb̄]1, [q̄q]1]1

=
1

2
(0−H ⊗ 1−l ) − 1

2
(1−H ⊗ 0−l ) +

1√
2
(1−H ⊗ 1−l ) (19)

同様にしてB∗B̄(3S1)は

B∗B̄(3S1) : [[b1, q̄1]
1, [b̄2, q2]

0]1

= −1

2
(0−H ⊗ 1−l ) +

1

2
(1−H ⊗ 0−l ) +

1√
2
(1−H ⊗ 1−l ) (20)

IG(JP ) = 1+(1+)に対応する波動関数の成分は 1√
2
(BB̄∗ −B∗B̄)(3S1)である

から (19),(20)式を用いて
1√
2
(BB̄∗ − B∗B̄)(3S1) :

1√
2
(0−H ⊗ 1−l ) − 1√

2
(1−H ⊗ 0−l ) (21)

7

B	
 B	
Heavy-light 	


11/19-­‐21,	
  2012	
 Newhadron@Pusan	
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Ohkoda-Yamaguchi-Yasui-Hosak, 	


arXiv:1210.3170, To appear in PRD	
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Γ(Z0
b → χb0(1P )γ) : Γ(Z0

b → χb1(1P )γ) : Γ(Z0
b → χb2(1P )γ)

1 : 2.6 : 4.1
(68)

Γ(Z0
b → χb0(2P )γ) : Γ(Z0

b → χb1(2P )γ) : Γ(Z0
b → χb2(2P )γ)

1 : 2.5 : 3.8
(69)

ω0 ≈ 370, ω1 ≈ 350, ω2 ≈ 335 (70)

B∗B̄∗(3S1) :
[
[bq̄]1, [b̄q]1

]1
(71)

=
∑

H,l

1̂1̂Ĥl̂






1/2 1/2 1
1/2 1/2 1
H l 1





[
[bb̄]H , [q̄q]l

]1
(72)

=
1√
2
(0−H ⊗ 1−l ) +
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(1−H ⊗ 0−l ) (73)

W−−
b1 のみが hbπと ηbρ崩壊が許される
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√
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(1H ⊗ 2l)|J=2 (80)
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Example: 　Zb
0 　à 　χbJ γ	


Heavy-light recoupling	


χb0 γ (1+)	


χb1 γ (1+)	


χb1 γ (2+)	


χb2 γ (1+)	


χb2 γ (2+)	


M1	


M1	


M1	


E2	


E2	


11/19-­‐21,	
  2012	
 Newhadron@Pusan	


−1

2

[
[[bb̄]1 , [qq̄]1]2 , [0, 1]1

]1
+

[√
3

2
[[bb̄]1 , [qq̄]2]2 , [0, 1]1

]1

= −1

2
2̂1̂1̂k̂






1 1 2
0 1 1
1 k 1




 (1H ⊗ kl)|J=1 +

√
3

2
2̂1̂1̂k̂






1 2 2
0 1 1
1 k 1




 (1H ⊗ kl) (55)

= −1

2

1

9
3
√

5(1H ⊗ 0l) −
1

2

1

18
3
√

15(1H ⊗ 1l)|J=1 −
1

2

1

90
15(1H ⊗ 2l)|J=1 (56)

+

√
3

2

1

6
√

5
3
√

15(1H ⊗ 1l)|J=1 +

√
3

2

1

30
15(1H ⊗ 1l)|J=1 (57)

Γ(Z0
b → χb0γ) : Γ(Z0

b → χb1γ) : Γ(Z0
b → χb2γ)

1 : 3 : 5
(58)
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JPC	
 0– +	
 1– –	
 1+ –	
 0+ +	
 1+ +	
 2+ +	
 2– –	


B*B*	

B*B	

BB	


11000	


10500	


10000	


9500	
  η(1S)	


 η(2S)	


 η(3S)	


 Υ(1S)	


 Υ(2S)	


 Υ(3S)	


 hb(1P)	


 hb(2P)	


 χb0(1P)	
  χb1(1P)	
  χb2(1P)	


 χb0(2P)	
  χb1(2P)	
  χb2(2P)	

 Υ(13D2)	


[MeV]	


 Υ(5S)	


Decay of B(*)B(*)	
  Moleculars	


となる。ここからW−
b の χb1 + γへの崩壊比は

Γ(W+
b0 → χb1γ) : Γ(W ′+

b1 → χb1γ) : Γ(W+
b1 → χb1γ) : Γ(W ′+

b2 → χb1γ) : Γ(W+
b2 → χb1γ)

1 : 2
3 : 2

3 : 1 : 1
(42)

と求まる。一方Υ + πへも p-waveで崩壊するがそのときのスピン成分は共
通して 1−H ⊗ 1+

l である。ここから崩壊比は
Γ(W−

b0 → Υπ) : Γ(W ′−
b1 → Υπ) : Γ(W−

b1 → Υπ) : Γ(W ′−
b2 → Υπ) : Γ(W−

b2 → Υπ)
1 : 1

4 : 1
4 : 3

4 : 1
4

(43)

である。あと起こりうるW+
b の崩壊は ηb + ρである。実験的に測定は困難だ

ろうが、理論的に分岐比を求めることは出来る。興味深い点はW+
b0とW−

b2の
ηb + ρへの崩壊が、量子数保存の観点から許されているにもかかわらず、ヘ
ビークォークスピン保存の関係から禁止されていることである。W+

b1は崩壊
が許されていて、結局分岐比は
Γ(W+

b0 → ηbρ) : Γ(W ′+
b1 → ηbρ) : Γ(W+

b1 → ηbρ) : Γ(W ′+
b2 → ηbρ) : Γ(W+

b2 → ηbρ)
0 : 4 : 3 : 0 : 0

(44)

である。

W+
b0 + π(p-wave) :

1

3
(1−H ⊗ 0+

l ) − 1

3
(1−H ⊗ 1+

l )|J=1

√
5

3
(1−H ⊗ 2+

l )|J=1 (45)

W ′+
b1 + π(p-wave) : − 1√

3
(0−H ⊗ 1+

l ) − 1

2
√

3
(1−H ⊗ 0+

l )

+

√
3 −

√
5

4
√

3
(1−H ⊗ 1+

l )|J=1 +
(1 +

√
3)
√

5

4
√

3
(1−H ⊗ 2+

l )|J=2 (46)

W+
b1 + π(p-wave) :

1

2
(0−H ⊗ 1+

l ) +
1

2
√

3
(1−H ⊗ 0+

l )

+
2 −

√
3 −

√
5

4
√

3
(1−H ⊗ 1+

l )|J=1 +
(
√

3 − 1)
√

5

4
√

3
(1−H ⊗ 2+

l )|J=2 (47)

W ′+
b2 + π(p-wave) :

√
5

2
√

3
(1−H ⊗ 0+

l ) +

√
3 +

√
5

4
(1−H ⊗ 1+

l )|J=1 +
1 +

√
3

4
√

3
(1−H ⊗ 2+

l )|J=2(48)

W+
b2 + π(p-wave) : −

√
5

6
(1−H ⊗ 0+

l ) +
3
√

3 −
√

5

4
√

3
(1−H ⊗ 1+

l )|J=1 +
3
√

3 − 1

12
(1−H ⊗ 2+

l )|J=2(49)

f(W−−
b0 π) : f(W ′−−

b1 π) : f(W−−
b1 π) : f(W ′−−

b2 π) : f(W−−
b2 π)

2 : 9 : 4.5 : 9 : 12
(50)
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Only Wb1 can decay into ηb and hb	
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•	
  	
  In	
  the	
  heavy	
  quark	
  region	
  we	
  have	
  seem	
  many	
  unusual	
  states	
  
	
  
•	
  	
  Some	
  (many)	
  of	
  them	
  are	
  candidates	
  of	
  hadronic	
  molecules	
  
	
  	
  	
  	
  Chiral	
  dynamics	
  through	
  the	
  pion	
  and	
  heavy	
  quark	
  symmetry	
  
	
  
•	
  	
  Where	
  are	
  other	
  excitaKons	
  (gluons	
  and	
  mulKquarks	
  other	
  than	
  HM)	
  
	
  
•	
  	
  Heavy	
  quarks	
  may	
  probe	
  diquarks	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Manifest	
  in	
  hadron	
  spectroscopy,	
  producKon-­‐decay	
  properKes	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Could	
  explain	
  (non)	
  existence	
  of	
  mulKquark	
  hadrons	
  


