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Questions an experimenter might ask: 

  What states of polarization are available in this beam? 

  What general expressions can describe these states? 

  How does polarization enter the cross section? 

  Why is linear polarization of particular interest? 

  What additional information is available with circular
 polarization? 

  How (well) can we measure the polarization state? 

  In what situations might target polarization be useful? 

  Can we make a beam with helicity |λ| ≥ 2  ? 
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What states of polarization are available in
 this beam? 

p,λ


p’,λ’ 

k,ε


a 
(acceleration vector) 
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What states of polarization are available in
 this beam? 

p,λ


p’,λ’ 

k,ε


  essentially a quantum effect 
  photon helicity follows electron λ


  holds exactly in the chiral limit 
  consider photon helicity basis ε± 

  vanishes for colinear kinematics 
  100% helicity transfer ! 
  chiral limit  photon end-point 

s (spin vector) 
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What states of polarization are available in
 this beam? 

p,λ


p’,λ’ 

k,ε
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What states of polarization are available in
 this beam? 

  Linear polarization 
  ideal curve (theory) 
  expected performance 

  Circular polarization 
  ideal curve (theory) 
  expected performance 

  Combination 
  ideal curve (theory) 
  expected performance 

 =  sum in quadrature of
 linear and circular
 polarizations 
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What general expressions can describe these
 states? 

y 

x 

E 

r 

l a 
a 

b 

. k 

unit circle 
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What general expressions can describe these
 states? 

^ 

^ 

^ 

° ^ 
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What general expressions can describe these
 states? 

|x>, |y> basis ± helicity basis 

spinor 

density 
matrix 
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How does polarization enter the cross
 section? 

k,λ


p,h p’,h’ 

p1,h1 

p2,h2 

p3,h3 V 
D 
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How does polarization enter the cross
 section? 

k,λ


p,h p’,h’ 

p1,h1 

p2,h2 

p3,h3 V 
D 
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How does polarization enter the cross
 section? 

J,M k,ε
 p,h 
p’,h’ 
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How does polarization enter the cross
 section? 

J,M k,ε
 p,h 
p’,h’ 
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How does polarization enter the cross
 section? 

J,M k,ε
 p,h 
p’,h’ 

• unpolarized 
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How does polarization enter the cross
 section? 

J,M k,ε
 p,h 
p’,h’ 

• unpolarized 

• circular piece 
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How does polarization enter the cross
 section? 

J,M k,ε
 p,h 
p’,h’ 

• unpolarized 

• circular piece 

•  linear pieces 
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How does polarization enter the cross
 section? 
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o  sum over exchanges (jm) 

Why is linear polarization of particular
 interest? 

x 

y 

JM 
jm 

λ


h 

h’ B   (s,t) hh’ 
jm 

U   (t) JMλ


jm 
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o  sum over exchanges (jm) 

o  superimpose ±m states 

Why is linear polarization of particular
 interest? 

x 

y 

JM 
jm 

λ


h 

h’ B   (s,t) hh’ 
jm 

U   (t) JMλ


jm 
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Why is linear polarization of particular
 interest? 

o  sum over exchanges (jm) 

o  superimpose ±m states 

x 

y 

JM 
jm 

λ


h 

h’ B   (s,t) hh’ 
jm 

U   (t) JMλ


jm 

for m=0, only ± = nj survives 
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Why is linear polarization of particular
 interest? 

o  sum over exchanges (jm) 

o  superimpose ±m states 

o  redefine exchange expansion in basis of good parity 

x 

y 

JM 
jm 

λ


h 

h’ B   (s,t) hh’ 
jm 

U   (t) JMλ


jm 

for m=0, only ± = nj survives 
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o  sum over exchanges (jm) 

o  superimpose ±m states 

o  redefine exchange expansion in basis of good parity 

photon polarization (x: ε=-1, y: ε=+1) 
naturality of exchanged object nj 

Why is linear polarization of particular
 interest? 

x 

y 

JM 
jm 

λ


h 

h’ B   (s,t) hh’ 
jm 

U   (t) JMλ


jm 

for m=0, only ± = nj survives 



Richard Jones, Workshop on QCD and the role of gluonic excitations, D.C., Feb. 10-12, 2005 
23 

Why is linear polarization of particular
 interest? 

In the amplitude leading to a final state of spin J,|M| and 
 parity r, only exchanges of naturality +r [-r] can couple to
 y-polarized [x-polarized] light. 

caveat 

  Selection of exchanges according to naturality is only
 exact in the high-energy limit (leading order in 1/s). 

  For m≠0 partial waves there may be non-negligible
 violations at GlueX energies.  
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  density matrix is now needed in the |x>, |y> basis 

Why is linear polarization of particular
 interest? 
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  density matrix is now needed in the |x>, |y> basis 

Why is linear polarization of particular
 interest? 
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  density matrix is now needed in the |x>, |y> basis 

Why is linear polarization of particular
 interest? 

y polarization 
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  density matrix is now needed in the |x>, |y> basis 

Why is linear polarization of particular
 interest? 

y polarization 

x polarization 
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  density matrix is now needed in the |x>, |y> basis 

Why is linear polarization of particular
 interest? 

y polarization 

x polarization 

±45° polarization 

circular
 polarization 
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Why is linear polarization of particular
 interest? 

y polarization 

x polarization 

±45° polarization 

circular
 polarization 
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Why is linear polarization of particular
 interest? 

y polarization 

x polarization 

±45° polarization 

circular
 polarization 
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What additional information is available with
 circular polarization? 
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How (well) can we measure the polarization
 state? 
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  Linear polarization measurement – method 2 
  uses the well-understood QED process of pair-production 

  analyzing power ~30%, calculated to percent accuracy 

 GlueX pair spectrometer also provides a continuous
 monitor of the collimated beam intensity spectrum 

  thin O(10-4 rad.len.) pair target upstream of GlueX is
 compatible with continuous parallel operation 

  Linear polarization measurement – method 3 
  calculated from the measured intensity spectrum 
  to be reliable, must fit both precollimated (tagger) and

 collimated (pair spectrometer) spectra. 

How (well) can we measure the polarization
 state? 
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  Circular polarization measurement – method 1 
  calculated from the known electron beam polarization 

  well-understood in terms of QED (no complications from
 atomic form factors, crystal imperfections, etc.) 

  relies on a polarimetry measurement in another hall,
 reliable beam transport calculations from COSA 

  can be used to calibrate a benchmark hadronic reaction 

  once calibrated, the GlueX detector measures its own pz 

  Circular polarization measurement – method 2 
  put a thin magnetized iron foil into the pair spectrometer

 target ladder, measure pz using pair-production asymmetry 

How (well) can we measure the polarization
 state? 



Richard Jones, Workshop on QCD and the role of gluonic excitations, D.C., Feb. 10-12, 2005 
35 

In what situations might target polarization
 be useful? 
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Can we make a beam with helicity |λ| ≥ 2  ? 

^
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Can we make a beam with helicity |λ| ≥ 2  ? 
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Summary and conclusions: 


