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Quark Pairs  and Triple ts  �  and Glue?

 Gluonic Excitations

Allowed system s:   gg,  ggg,   qqg,    qqqq

Glueballs Hybrids Molecules

 Conven t ional had rons:  qq   or   qqq
 Stron g force m ed iated  by glu on s ...

... bu t  glu e n ot  n eed ed  to  d escr ibe th ese s ta tes  (qu ark m od el)...
 Gluons carry color  charge  can  coup le to each  other  

_ _

_

_

 Excitation  of  glue can  lead to � exotic�  
quantum    num bers JPC not possible in  
sim ple quark m odel
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Quark Pairs  and Triple ts  �  and Glue?

 Gluonic Excitations

Allowed system s:   gg,  ggg,   qqg,    qqqq

Glueballs Hybrids Molecules

  GlueX Focus: � ligh t - quark m esons�
u

d s

c

b

t

 Conven t ional had rons:  qq   or   qqq
 Stron g force m ed iated  by glu on s ...

... bu t  glu e n ot  n eed ed  to  d escr ibe th ese s ta tes  (qu ark m od el)...
 Gluons carry color  charge  can  coup le to each  other  

_ _

_

_

 Excitation  of glue can  lead to � exotic�  
quantum    num bers JPC not possible in  
sim ple quark m odel

Hall D/ GlueX                3



Lattice  Calculations
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Firs t  excited  s tate:  
 Two d egenerate t ransverse m od es  with  J= 1 

(clockwise and  coun ter- clockwise)
 Linear  com binat ions lead  to JPC= 1 - +  or  JPC= 1+ -
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Mes on Map
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Mes on Map

 Lattice  QCD:
 0 + + :  1 .6  GeV
 1 - +  :  1 .9  GeV 
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Production of Exotic  Mes ons
 Choice of p robe m ay d eterm ine access ible quan tum  num bers

 Ph oton  beam  in creases  ch an ce for  p rod u cin g m eson s  with  exot ic 
qu an tu m  n u m bers
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QCD Exotic  Topologies
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QCD Exotic  Topologies
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Partial Wav e  Analy s is
 States  exp ected  to be broad  with  m ult i- p art icle final s tates

 � Bum p  hun t ing�  in  cross  sect ion  d ata not  exp ected  to be su fficien t

 Need  PWA:
 Id en t ify the JPC of a m eson
 Determ ine p rod uct ion  am p litud es  & m echan ism s
 Includ e p olar iz at ion  of beam , target , sp in  and  p ar ity of resonances  

and  d augh ters , relat ive angu lar  m om entum



Ev idence  for Exotic Mes ons
 Cand id ates  with  JPC= 1 - +

 States  are con t rovers ial → 
issues  with  am p litud e analysis

 Possible leakage d ue to 
accep tance or  insu fficien t  wave 
sets
 Problem s with  in terp retat ion  of 

line shap es  and  p hases

 Physics  in terp retat ion  as  
hybrid s  (ins tead  of qqqq 
s tates?) op en  to quest ion
  π

1
(2000) need s  confirm at ion

__
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The  GlueX Experim ent
 Goal:  d efin it ive and  d etailed  m ap p ing of hybrid  m eson  sp ect rum

 Search  for  sm okin g gu n  s ignatu re of exot ic JPC h ybr id  m eson s
 Exot ics  d o not  m ix with  qq m esons

 Plan s  for  s s  an d  baryon  sp ect roscop y

 Tools  for  the GlueX Project :
 Accelera tor :  12  GeV elect ron s , 9  GeV tagged , lin ear ly p olar iz ed  

p h oton s  with  h igh  flu x
 Detector :  h erm et icity, ab ility to  d etect  both  ch arged  an d  n eu t ral 

p ar t icles  with  good  resolu t ion
 Par t ia l- Wave An alys is :  sp in - am p litu d e of m u lt i- p ar t icle fin a l 

s ta tes
 Com p u t in g p ower :  1  Pb / year  d ata  collect ion , d atabases , 

d is t r ibu ted  com p u t in g, gr id  services ...

_
_
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6  GeV CEBAF
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6  GeV CEBAF

CHL-CHL-
22

Upgrade magnets Upgrade magnets 
and power and power 
suppliessupplies

11

Enha nce Enha nce 
eq uip m ent in  eq uip m ent in  
exist ing  ha llsexist ing  ha lls
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6  GeV CEBAF

CHL-CHL-
22

Upgrade magnets Upgrade magnets 
and power and power 
suppliessupplies

12

Enha nce Enha nce 
eq uip m ent in  eq uip m ent in  
exist ing  ha llsexist ing  ha lls

add Hall D 
(and beam line)
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We are here
DOE CD- 2 Reviews

NOV 07
SEP 08

FEB 06

DOE Generic Project Tim eline
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Hall DHall D �  exploring origin of  �  exploring origin of 
confinementconfinement  by studying exot ic  by studying exot ic 

mesonsmesons

Hall BHall B �  understanding  �  understanding nucleon structurenucleon structure  
via generalized parton distribut ionsvia generalized parton distribut ions

Hall CHall C �  precision determinat ion of  �  precision determinat ion of valence valence 
quarkquark  propert ies in nucleons and nuclei propert ies in nucleons and nuclei

Hall AHall A �  short  range correlat ions, form  �  short  range correlat ions, form 
factors, hyper- nuclear physics, future factors, hyper- nuclear physics, future 
new experimentsnew experiments

Ov erv iew  of 12  GeV Phy s ics
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Service 
Buildings

Hall D

Counting House

North Eas t corner o f Acce lerator

Architect's  rendering o f Hall- D Com plex
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 Top View

75 m

 Tagger Area
Experimental

 Hall D

 Electron beam

 Coherent Bremsstrahlung
 photon beam

-Solenoid
 Based detector

Collimator

Photon
 Beam dump

The Hall- D Com plex

 East arc

 North linac

 Tagger
area  Hall D

Electron
 Beam dump
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Coherent Brem s s trahlung Beam

 Diam ond  rad iator :

 Orien tat ion  of crystal p lanes
        → linear ly- p olar iz ed  γ

 γ - beam  en ergy com p rom ise 
between  p olar iz at ion  an d  
m eson  m ass  coverage
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The  GlueX Detector

 Sup ercond uct ing Solenoid  
m agnet  ~  2.2 T
 � Herm et ic�  d etector  with  

large accep tance for  charged  
and  neu t ral p ar t icles
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Central Drift Cham bers
 Track charged  p art icles  in  

cen t ral region  (140˚ <  θ  <  20˚)
 25 rad ial layers  of s t raw 

tubes
 17 s t raigh t  layers  
 4 + 6 ˚ s tereo layers  
 4  - 6 ˚ s tereo layers
 d E/ d x cap ability for  p < 450 MeV/ c 

→ id en t ify p rotons
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Forw ard Drift Cham bers
 Purp ose:   t rack forward - going (θ< 20˚ ) charged  p art icles
 Design :  4 p ackages  each  con tain ing 6 cathod e s t r ip  cham bers

 Cathod e s t r ip  cham ber:  cathod e p lane /  wire p lane /  cathod e p lane
 Drift  cham bers  with  cathode readou t
 Cathode p lanes  d ivided  in to s t r ip s  orien ted  at   ± 75 ˚  with  respect  to wires

 Each  cham ber rotated  with  resp ect  to its  neighbor  by 60 ˚
 Posit ion  resolu t ion  goal <  200 µm
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Cathode  Strip Cham bers
 3D sp ace p oin t  at  each  wire p lane

 Drift  t im e  coord inate away from  wire
 St r ip  cen troid s    avalanche p osit ion  along wire
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Sm all- s cale  prototy pe

7�

7 � Active
area  Pream p lifier  board s: SIPs

 Gain  ~ 2.3 m V/ µA
 No p u lse shap ing
 No tail- cancellat ion

 Gas m ixture:  
40% Ar  /  60% CO

2
 

 Read out  for  cathod e s t r ip s :  CAEN V792 charge- in tegrat ing ADCs
 Read out  for  sense wires :  CAMAC d iscr im inator  /  F1 TDC
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Im aging the  w ires
 Use cen t roid s  on  both  views to reconst ruct  wire p osit ions

 Avalanche occu rs  near  wire → x- p osit ions  quan t iz ed
 x

wire
 ∝1/ √2 (< u > + < v> ) using cathod e d ata on ly

 Gaussian  fits  to reconst ructed  wire p osit ions  → resolu t ion

< σ
x
> = 158 ±  3  µm

Str ip  lengths  vary between  
12.8 cm  and  27.8 cm

Prototype
Trigger  scin t illators
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Tow ard a Full- Scale  FDC Prototy pe
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Barre l Calorim eter
 Photon  d etect ion  in  cen t ral region  
 Alternat ing lead  +  scin t illat ing fiber  layers

 Sam p ling Fract ion  =  ~ 12%
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BCAL in Tes t Beam
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Barre l Calorim eter Configuration
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Barre l Calorim eter

4 6  : 2304 x array SiPMs units

2 2  : 384 x array PMTs units
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Silicon Photom ultipliers
 Technology choice for  read out  of inner  layers

Im m une to  m a gnetic fie ld s...

35µm

3×3mm2

2452 pixels
 Avalanche p hotod iod e (APD) m atr ix 

of sem icond uctor  p hoton  sensit ive 
d evices
 Each  p ixel op erates  in  Geiger  m od e
 Gain  com p arable to conven t ional PMT
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SiPM Meas urem ents

 Sensit ivity to green  
wavelengths  ⇒ good  
m atch  to BCAL fibers

 Clean  p hoto- elect ron  sp ect rum
observed  for 35 m  p ixel, 33 m m 2

sensor  at  - 20 C
 Wou ld  p refer  to  ru n  n ear  room  

tem p eratu re...

Hall D/ GlueX                28



Tim e- of- flight Detectors

 Part icle id en t ificat ion  for  forward - going 
charged  t racks
 Two layers  of scin t illat ing p las t ic

 250×6×2.54  cm 3 bars
 ~ 168 ch an n els  
 Tim in g resolu t ion  goal σ< 100 p s
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Forw ard Calorim eter
 Detect  p hotons  in  the forward  d irect ion
 Array of 4×445  cm 3 lead  glass  blocks  (~ 2800 channels)

 Crystals  alread y in  hand  (recycled  from  E852 and  Rad Ph i) 
       

 σ/ =7.3%/E √  + 3.6% E
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DAQ and Trigger
 Trigger  rate:  200 kHz ,  Data rate: 100 MB/ s
 No d ead  t im e  ⇒  p ip elined  elect ron ics ...
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Electronics
 Custom  elect ron ics  in  VME- 64X/ VXS
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Ev ent Sim ulation
PYTHIA- generated  background  even t
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Sam ple  Signal Ev ent
γ p →  pb -

1π + →  p(ω π −)π + →  pπ +π −π +π −γ γ
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Sum m ary  and Outlook

 The 12 GeV up grad e p roject  has  p assed  a m ajor  m iles tone
 DOE award ed  CD- 2 in  Novem ber  (3 rd  ou t  of 5  CD levels )

 The GlueX exp erim en t  is  a m ajor  p art  of the up grad e
 Goal is  to  m ap  ou t  sp ect ru m  of hybr id  m eson s
 Major  con s t ru ct ion  p roject  with  bran d - n ew hall an d  d etector

 Detectors  are in  d es ign  and  p rototyp e s tage

 ... there's  s t ill a  lot  of work to d o!
 CD- 3 (Ap p roval to s tar t  const ruct ion) is  exp ected  next  year

We w elcom e new  co llaborators !
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Hall D Works hop

 Top ics  in clu d e:
 Ch iral anom aly and  Prim akoff effect
 Charm  p rod uct ion  near  th reshold
 Exclusive react ions at  h igh  m om en tum  t ransfer
 Nuclear  effects  in  p hoto- p rod uct ion
 Meson  and  Baryon  Sp ect roscop y
 Detector  up grad es

"Ph oton - h ad ron  p h ys ics  with  Glu eX in  Hall D"
Jefferson  Lab, March  6- 8 , 2008
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Additional Slides



Overview of Technical Performance 
Requirements

target  f lex ibility108 photons/ s

11 GeV beamlineEγ∼ 8 .5 −9  GeV

luminosity up to 1038

installat ion 
space

part icle ID

high mult iplicity reconstruct ion

excellent  momentum resolut iongood momentum/ angle resolut ion

precisionhermeticitypolarized 
photons

energy reachluminosity 
10 x  1034

excellent  
hermeticity

Hall AHall CHall BHall D



Des ign Param eters



 Linear Polarization

Linear polarization is:

  Essential to isolate the production mechanism (M) if X is 
known

  A JPC filter if M is known (via a kinematic cut)

 Degree of polarization is directly related to required statistics

 Linear polarization separates natural and unnatural parity

States of linear polarization are eigenstates 
of parity.  States of circular polarization are not.

M




