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The	  Long	  Road	  to	  Now	  
•  Jul.	  1997	  –	  Workshop	  at	  Indiana	  University	  
•  Dec.	  1999	  –	  External	  Project	  Review	  
•  Apr.	  2004	  –	  Cri$cal	  Decision	  0	  
•  Oct.	  2004	  –	  External	  Detector	  Review	  
•  Oct.	  2008	  –	  Cri$cal	  Decision	  3	  
•  Apr.	  2009	  –	  Hall-‐D	  Complex	  	  Ground	  Breaking	  
•  Jan.	  2012	  –	  Beneficial	  Occupancy	  of	  Hall	  D	  
•  May	  2014	  –	  10.5	  GeV	  electron	  beam	  to	  tagger	  dump.	  

•  Oct.	  2014	  –	  Photon	  beam	  to	  GlueX.	  
•  Apr.	  2015	  –	  Engineering/Physics	  Running	  with	  GlueX.	  
•  Sep.	  2015	  –	  Physics	  Running	  with	  GlueX!	  
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18	  Years	  



Atoms	  are	  electrically	  
neutral:	  a	  charge	  and	  	  
an	  an$-‐charge	  (	  +	  -‐	  ).	  

The	  rules	  that	  govern	  how	  the	  quarks	  	  
froze	  out	  into	  hadrons	  are	  given	  by	  QCD.	  

Quarks	  have	  color	  
charge:	  red,	  blue	  and	  
green.	  An$quarks	  
have	  an$colors:	  	  
cyan,	  yellow	  and	  	  
magenta.	  

Hadrons	  are	  color	  neutral	  (white),	  
red-‐cyan,	  blue-‐yellow,	  green-‐magenta	  
or	  red-‐blue-‐green,	  cyan-‐yellow-‐magenta.	  

Quantum	  Chromo	  Dynamics	  
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Color	  Field:	  Because	  of	  self	  interacUon,	  
confining	  flux	  tubes	  form	  between	  staUc	  	  
color	  charges	  

Confinement	  arises	  from	  
flux	  tubes	  and	  their	  
excitaUon	  leads	  to	  a	  new	  
spectrum	  of	  mesons	  

Quantum	  Chromo	  Dynamics	  



The	  QCD	  PotenUal	  

linear	  potenUal	  

ground-‐state	  	  
	  	  	  flux-‐tube	  
	  	  	  	  	  	  	  m=0	  
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The	  QCD	  PotenUal	  

linear	  potenUal	  

ground-‐state	  	  
	  	  	  flux-‐tube	  
	  	  	  	  	  	  	  m=0	  

Excited	  gluonic	  field	  	  
	  	  	  	  	  	  	  	  	  	  	  

Gluonic	  Excita$ons	  provide	  an	  
experimental	  measurement	  of	  	  
the	  excited	  QCD	  poten$al.	  	  	  

Observa$ons	  of	  the	  nonets	  on	  the	  excited	  poten$als	  are	  	  
the	  best	  experimental	  signal	  of	  gluonic	  excita$ons.	  
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Quantum	  Chromo	  Dynamics	  
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QCD	  describes	  the	  interac$ons	  of	  quarks	  and	  gluons	  
and	  should	  predict	  the	  spectrum	  of	  bound-‐state	  
baryons	  (	  	  	  	  	  	  	  )	  and	  mesons	  (	  	  	  	  	  ).	  
	  
There	  should	  also	  be	  mesons	  in	  which	  the	  gluonic	  
field	  contributes	  directly	  to	  the	  JPC	  quantum	  numbers	  
of	  the	  states	  -‐-‐-‐	  hybrid	  mesons.	  Some	  are	  expected	  to	  
have	  ``exo$c’’	  quantum	  numbers.	  

qqqqq
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Lajce	  QCD	  calcula$on	  of	  the	  light-‐
quark	  meson	  spectrum	  

Normal	  QN	  

Exo$c	  QN	  
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Several	  nonets	  predicted	  
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QCD	  ExoUcs	  
π1	  	  IG(JPC)=1-‐(1-‐+)	  

η’
1	  	  IG(JPC)=0+(1-‐+)	  	  

η1	  	  IG(JPC)=0+(1-‐+)	  	  

K1	  	  IG(JPC)=	  ½	  (1-‐)	  

We	  expect	  5	  nonets	  of	  exoUc-‐
quantum-‐number	  mesons:	  	  
	  
1	  nonet	  of	  	  	  0+-‐	  	  exoUc	  mesons	  
2	  nonets	  of	  1-‐+	  	  	  exoUc	  mesons	  
2	  nonets	  of	  2+-‐	  	  exoUc	  	  mesons	  

Lattice shows 
two nonets 
here. 

⇡1

⇡1

⌘1

⌘01

b0, h0b2, h2

b2, h2

Experimental	  evidence	  exists	  for	  π1	  states.	  

3	  types	  of	  quarks:	  	  
up,	  down	  and	  strange	  
3	  types	  of	  an$-‐quarks:	  
9	  quark-‐an$quark	  pairs	  ==	  nonet	  



The	  GlueX	  Experiment	  
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This technique 
provides requisite 
energy, flux and 

polarization"

electrons in!

Linearly polarized!
photons out!

spectrometer!

20 µm thick !
Diamond crystal!

flu
x!

photon energy (GeV)!

12 GeV electrons!

collimated!

Incoherent &!
coherent spectrum!

tagged!
with 0.1% resolution !

40%!
polarization!

in peak!

Coherent	  Bremsstrahlung	  



Physics	  in	  
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8.4-‐9.0	  GeV	  linearly	  
polarized	  photons	  from	  
12	  GeV	  electrons	  in	  a	  
thin	  diamond	  wafer	  

Charged	  par$cle	  tracking	  +	  
$ming	  and	  photon	  detec$on	  
in	  a	  2T	  magne$c	  field.	  	  

�p ! X(JPC)(p, n)

�+���+���0p

�+���0p
�+�+��n

⇥0⇥0⇥0�p

Fully	  
reconstruct	  
final	  states	  	  

•  All	  of	  these	  channels	  have	  been	  studied	  
in	  Monte	  Carlo	  to	  understand	  the	  
acceptance.	  

•  These	  studies	  have	  been	  used	  to	  ``stress’’	  
our	  offline	  reconstruc$on	  sopware.	  

⇡1(1
�+) ! ⇢⇡ ! ⇡⇡⇡

h0(0
+�),�1(1

�+), h2(2
+�)

! b1� ! ⇥�� ! 5�



Summary	  
•  We	  are	  excited	  to	  have	  the	  GlueX/Hall-‐D	  
photoproduc$on	  programs	  star$ng	  very	  soon.	  

	  
•  We	  an$cipate	  an	  exci$ng	  meson	  program	  over	  the	  
next	  decade.	  

	  
•  When	  we	  are	  done,	  we	  hope	  that	  we	  have	  the	  
answer	  to:	  ``Where	  are	  the	  QCD	  states	  with	  sta$c	  
glue?’’	  
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Kaons do not have exotic QN’s 

Expected	  Decay	  Modes	  	  
π1   → πρ, πb1 , πf1,πη’, ηa1 
η1   → ηf2,a2π,ηf1, ηη’,π(1300)π, a1π, 	

η1’→ K*Κ, Κ1(1270)Κ, Κ1(1270)Κ , ηη’	

	

b2 → ωπ, a2π, ρη, f1ρ, a1π, h1π, b1η 	

h2 → ρπ,b1π,ωη, f1ω  	

h’2 → Κ1(1270)Κ, Κ1(1270)Κ, K2

*Κ, φη, f1φ 	

	

b0 → π(1300)π , h1π, f1ρ, b1η	

h0 → b1π , h1η  	

h’0 → K1(1270)Κ, Κ(1460)Κ, h1η             	


p⇡+⇡�⇡0

p⇡+⇡�⌘

p⇡+⇡�2⇡0

p⇡+⇡�3⇡0

p2⇡+2⇡�

p2⇡+2⇡�⇡0

p2⇡+2⇡�⌘

n2⇡+⇡�

n⇡+⌘

n2⇡+⇡�⇡0

n2⇡+⇡�2⇡0

n2⇡+⇡�⌘

pK+K�

pK+K�⇡0

pK+K�⇡+⇡�

pK+K�⌘

pKSK
±⇡⌥

⇤K+n⇡

Early	  Reach	  	  	  	  With	  StaUsUcs	  	  Hard	  



Ini$al	  exo$c	  hybrid	  
searches	  

�p ! ⌘⇡(n, p)

�p ! ⌘0⇡(n, p)

�p ! ⇢⇡(n, p)

�p ! !⇡(n, p)

�p ! !⇡⇡(n, p)

�p ! ⌘⇡⇡(n, p)

GlueX	  Physics	  Analysis	  	  
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Physics	  reac$ons	  of	  interest:	  

Understand	  
the	  detector	  

�p ! K+⇤

�p ! K⌃

�p ! KK⌅

Strange	  Baryons	  

�p ! ⇡0p

�p ! ⌘p

�p ! ⇢p

�p ! !p

�p ! ⌘0p

�p ! �p

Ac$vity	  in	  the	  physics	  
working	  group	  has	  shiped	  
to	  physics	  analysis.	  

GlueX	  ready	  to	  do	  physics,	  analyses	  being	  worked	  out	  in	  advance	  
using	  the	  full	  suite	  of	  GlueX/Hall-‐D	  sopware	  and	  data	  from	  large-‐scale	  
data	  challenges.	  

Other	  Physics	  Interests	  
η  Decays	  
η  Primakov	  
J/ψ Produc$on	  
…	  


