






Hadrons containing heavy quarks are simpler

than hadrons containing light quarks only, 

because the heavy quarks are almost static 

and have a very small spin-dependent interaction

with other quarks.

This was the key to the accurate prediction of

baryons containing the b quark:    
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manifestly exotic

M. Karliner, exotics with b and c FPCP2014, 27/5/2014
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Neutral member of the I=1 multiplet
very recently also observed

by Belle in Dalitz plot analysis
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After the discovery of          by Belle,
natural to expect analogous states

 in the charm system

one caveat: 
a priori unknown whether charmed quarks

are heavy enough to allow for binding

encouraging indications from toy model
in D=1+1,     Y.Frishman & MK

[ JHEP 8,96(2013) – arXiv:1305.6457 ]
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in March 2013 BES in Beijing,
followed by Belle in KEK provided

the answer for the question if charm is heavy enough:
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The molecule idea has a long history:
Voloshin & Okun 1976, 
de Rujula, Georgi & Glashow 1977
Tornqvist,  Z. Phys. C61,525 (1993)

narrow widths of the resonances in decay into
quarkonium and pion,  despite the large phase space
imply very small overlap of wave functions
 
strong hints in favor of the molecular interpretation

tetraquark or a “molecule” ?

M. Karliner, exotics with b and c FPCP2014, 27/5/2014
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Heavy-light        mesons have I=1/2
 they couple to pions
 deuteron-like meson-meson bound states,  
   “deusons”
 via pion exchange –   

               (I=0) at threshold    X(3872) !
    S-wave  
 
I=1 attraction x3 weaker than I=0
 
I=1 expected well above threshold

   

M. Karliner, exotics with b and c FPCP2014, 27/5/2014

  confirmed by BESIII 
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B B* vs D D*:
-- same attractive potential 
-- much heavier, so smaller kinetic energy
 expect           and             I=1 states near threshold

                                     seen by Belle !!!

I=0 binding much stronger 
I=0  states expected well below threshold 

EXP signature:

 

 LHCb! 
M. Karliner, exotics with b and c FPCP2014, 27/5/2014

perhaps also
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in the                     limit attractive potential between
the two heavy mesons becomes universal, as kinetic
energy vanishes:

→ treat kinetic E as perturbation:

 



20

→ small: can use 1-st order P.T.

for I=1 potential have 2 data points: 

M. Karliner, exotics with b and c FPCP2014, 27/5/2014
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→

→
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Heavy Quark Nuclear Physics!

M. Karliner, exotics with b and c FPCP2014, 27/5/2014
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Guo, Meißner & Wang, arXiv:1308.0193

 ~ nb x-section  for Z_b(10610) and Z_b(10650) 

x-section for Z_c(3900) and Z_c(4020)
larger by a factor of 20-30

large enough to be observed

x-section for neutral exotic states ? 

M. Karliner, exotics with b and c FPCP2014, 27/5/2014

Likely observable at LHC and Tevatron:



31

Null result from CMS:
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Z(4430) not seen by BaBar
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2013: Belle 4-dim amplitude analysis - 

M. Karliner, exotics with b and c 
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Breit-Wigner
resonant
behaviour:
  
counter-clockwise
rotation of the 
amplitude
as function of
energy

Argand plot
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M. Karliner, exotics with b and c 
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two interesting coincidences related to Z(4430) mass: 



41

two interesting coincidences related to Z(4430) mass: 

M. Karliner, exotics with b and c 



42

 deuteron-like J=1, I=0 bound state: “beautron”
    electric charges contribute extra  ~3 MeV to binding energy

 
exp. signature:

so might be visible

should be seen in lattice QCD
 

?

M. Karliner, exotics with b and c FPCP2014, 27/5/2014
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doubly heavy baryons QQq (bbq,ccq, bcq)

– not exotic, must exist

– excellent challenge for EXP (LHCb!) & TH (lattice?)
  
   
   unique signature, w/o background

– 

  
    

M. Karliner, exotics with b and c 
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M. Karliner, exotics with b and c 
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Supplementary transparencies
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