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hybrid	  mesons	  -‐	  beyond	  the	  quark	  model

observed	  meson	  state	  flavor	  &	  JPC	  systematics	  suggest “constituent	  quarks”

exotic	  quantum	  numbers

but	  what	  if	  excited	  gluonic	  fields	  play	  a	  rôle	  -‐	  a	  hybrid	  meson,	  	  	  	  	  	  	  	  	  	  	  	  ?

possibly	  exotic	  JPC	  &	  extra	  ‘non-‐exotic’	  states

must	  be	  ‘heavier’	  or	  ‘harder	  to	  produce’	  ?
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flux-‐tube	  model
0-‐+,	  1-‐+,	  2-‐+,	  1-‐-‐

0+-‐,	  1+-‐,	  2+-‐,	  1++
roughly	  degenerate

without	  much	  data	  -‐	  nothing	  much	  to	  constrain	  them	  ...

bag	  model 0-‐+,	  1-‐+,	  2-‐+,	  1-‐-‐
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spectrum	  from	  lattice	  QCD

two-‐point	  correlator e.g.	  

as	  a	  sum	  of	  QCD	  eigenstates

e.g.	  1-‐-‐two-‐point	  correlator	  matrix

each	  state	  comes	  from	  an	  orthogonal	  combination	  of	  	  	  	  	  	  	  	  	  	  	  

solve	  by	  using	  a	  ‘Rayleigh-‐Ritz’-‐style	  variational	  approach	  -‐	  “diagonalize	  the	  matrix”

optimal	  operator	  :	  



mesonic	  operator	  basis

fermion	  bilinears	  with	  up	  to	  three	  covariant	  derivatives	  -‐	  project	  into	  good	  JPC

actually	  also	  have	  to	  project	  into	  irreducible	  
representations	  of	  the	  cubic	  symmetry	  group

#	  of	  operators

~J=0

~J=1

~J=2

~J=2

~J=3

this	  is	  by	  far	  the	  largest	  operator	  set	  
ever	  used	  in	  a	  calculation	  like	  this
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exotic	  JPC	  -‐	  before

lattice	  QCD	  exotic	  meson	  spectrum	  circa	  2006
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*	  Light	  hybrid	  mesons	  may	  be	  observed	  only	  for	  heavy	  quark	  masses,	  risk	  of	  large	  hadronic	  widths	  has	  not	  been	  
determined.	  The	  Hadron	  Spectrum	  Collaboration	  offers	  no	  guarantee	  that	  they	  can	  be	  produced	  in	  photoproduction.

*
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*	  Light	  hybrid	  mesons	  may	  be	  observed	  only	  for	  heavy	  quark	  masses,	  risk	  of	  large	  hadronic	  widths	  has	  not	  been	  
determined.	  The	  Hadron	  Spectrum	  Collaboration	  offers	  no	  guarantee	  that	  they	  can	  be	  produced	  in	  photoproduction.

addressing	  the	  small	  print

calculate	  at	  lighter	  quark	  masses increased	  computational	  cost

just	  a	  matter	  of	  time	  ...
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scattering	  of	  composite	  objects	  
in	  non-‐perturbative	  field	  theory	  !
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isoscalar	  spectrum

ETMC	  (2009)	  [2-‐flavour,	  extrap.	  to	  phys.	  quark	  mass]
ρ/ω	  splitting	  of	  27(10)	  MeV

very	  few	  results	  due	  to	  the	  difficulty	  of	  calculation

C.	  Michael	  et	  al	  (UKQCD,	  2001)	  [heavy	  quarks,	  2-‐flavour	  theory]
found	  f1/a1	  ,	  b1/h1	  	  ,	  ρ/ω	  splittings	  consistent	  with	  zero
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parity	  doubling	  &	  chiral	  symmetry	  restoration	  ?
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cubic	  complications	  ...

‘solved’	  by	  careful	  operator	  construction

APS	  April	  meeting	  2011

construct	  operators	  of	  definite	  J	  in	  the	  continuum

“subduce”	  into	  the	  cubic	  group	  irreps

if	  the	  rotational	  symmetry	  is	  “restored”and	  then	  

operators	  respect	  cubic	  symmetry,	  but	  are	  ‘preconditioned’	  to	  be	  J-‐diagonal

...	  but	  does	  it	  work	  in	  practice	  ?
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