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Outline 

!   Experimental tools in Hall-B 

!   Selected results 
!   single pion production 
!   KY 
!   two pions 
!   Production on deuteron 

!   Summary 
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Experimental Halls 

CEBAF 

!   E: 0.75 –6 GeV 

!   Imax: 200mA 

!   Duty Cycle: ∼ 100% 

! s(E)/E: 2.5x10-5 

!   Polarization: ≥85% 

!   Simultaneous distribution to 3 
experimental Halls 
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CEBAF Large Acceptance Spectrometer 

Torus magnet 
6 superconducting coils 

Gas Cherenkov counters 
e/π separation, 256 PMTs 

Time-of-flight counters 
plastic scintillators, 684 photomultipliers 

Drift chambers 
35,000 cells 

 target + start counter 

Electromagnetic calorimeters 
Lead/scintillator, 1296 photomultipliers 
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Hall B Photon Tagger 

! Eγ = 20-95% of E0 

! Eγ up to ~5.8 GeV 
! dE/E ~10-3 of E0 
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61 backing counters 
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Circularly polarized photons 

!   Circularly polarized beam produced by 
longitudinally polarized electrons 

!   CEBAF electron beam polarization  >85% 

!   tagged flux    ~ 50 - 100MHz                for 
k>0.5 E0 
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Circular polarization from 100% polarized electron beam 
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Linearly polarized photons 

Linearly polarized photons: coherent 
bremsstrahlung on oriented diamond crystal 
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FROzen Spin Target 
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Polarize (+) Polarize (-) Polarize (+) Polarize (-) 

Take data 

Take data 

Take data 
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FROST in Hall B 
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Performance of FROST during g9 experiment 
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longitudinal transverse 
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Polarization observables in pseudoscalar meson 
production 
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4 Complex amplitudes:  16 real polarization observables. 

Complete measurement from 8 carefully chosen observables.  

πN has large cross section                                  but in KY  recoil is self-analysing 

I. S. Barker, A. Donnachie, J. K. Storrow, Nucl. Phys. B95 347 (1975). 

πN KY 

recoil    targ       γ                  γ        targ     recoil 

 
 
 
☻☻☻  

☻

linearly polarized photons 

☻☻☻ 
☻☻☻ 

longitudinally polarized target 

☻☻☻ 
☻☻☻ 

circ polarized photons 

☻☻☻ 
☻☻☻ 

☻☻☻ 
☻☻☻ 

transversely polarized target 

Complete, and 
over-determined 
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What we measure with CLAS 
!   γp→π0p, π+n 
! γp→ηp 
! γp→η’p 
! γp→KY (K+Λ, K+Σ0, K0Σ+) 
! γp→π+π-p ωp, ρp, ϕp 
 
! γn→π-p 
! γn→π+π-n 
! γn→Σ-K+ , ΛK0 ….. 
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Single pion production 
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 γp→π0p 
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γp→π+n 

•CLAS              SP07 MAID07 SP08 SN08 M. Dugger et al. PRC 79, 065206 (2009) 
!   Constrained SAID fit at higher energies. 
!   Does not need any new resonances 
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γp→π0p Photon asymmetry Σ 

M. Dugger 
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γp→π+n Photon asymmetry Σ 
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circularly pplarized beam – longitudinally polarized target (g9a-FROST) 

γp→π+n Helicity asymmetry E  

S. Strauch 
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γp→π+n Helicity asymmetry G 

g9a data in the energy range 730 – 2300 MeV for fixed angular bins 
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J. McAndrew, Edinburgh 
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KY production 
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γp→K+Λ: Cx/Cz 
Nikonov et al’.’s refit 
of Bonn-Gachina 
multi-coupled-
channel isobar model 
mix includes:  
S11 wave,  
P13(1720),  
P13(1900),  
P11(1840) 

Bradford et al. 
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γp→K+Λ Photon Asymmetry Σ 
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C. Patterson 
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K+Λ Ox 
C. Patterson 
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K+Λ Oz 
C. Patterson 
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K+Λ Target Asymmetry 
The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may 
have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to 
delete the image and then insert it again.

C. Patterson 
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(PhD L. Casey, CUA) 

K+Λ helicity asymmetry E 
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(PhD L. Casey, CUA) 

K+Λ helicity asymmetry E 
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γp→π+π-p 
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γp→π+π-p 

 preliminary  

E. Golovach, MSU 
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γp→π+π-p 
E. Golovach, MSU 
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γp→π+π-p 
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γp→π+π-p 
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Measurements on deuteron 
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G10: γn→π-p 
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•  Previous data (Alspector, PRL 28, 1403 (‘72), Abrahamian,SJNP 32, 69 (‘80), Adamyan, JPG 15, 1797 (‘89)). 

MAID 07      SAID 09      

Photon asymmetry Σ γn→π-p 

Daria Sokhan 
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•  Previous data (Alspector, PRL 28, 1403 (‘72), Abrahamian,SJNP 32, 69 (‘80), Adamyan, JPG 15, 1797 (‘89)). 

MAID 07      SAID 09      Daria Sokhan 

Photon asymmetry  γn→π-p 
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S. Anefalos Pereira  

γn→Σ-Κ+ 
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E. Munevar 
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HDIce Solid Deuterium-Hydride (HD) – a new class of polarized target 

HDIce polarized target 

!   Spin can be moved 
between H and D with RF 
transitions 

!   All material can be 
polarized with almost no 
background 
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HD-Ice 
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Status of meson photoproduction  
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σ	
   Σ	
   T	
   P	
   E	
   F	
   G	
   H	
   Tx	
   Tz	
   Lx	
   Lz	
   Ox	
   Oz	
   Cx	
   Cz	
  
Proton	
  target	
  

pπ0 ✔	
   ✓	
   ✓	
   ✓	
   ✓	
   ✓	
   ✓	
   ✓	
  

nπ+ ✔	
   ✓	
   ✓	
   ✓	
   ✓	
   ✓	
   ✓	
   ✓	
  

pη ✔	
   ✓	
   ✓	
   ✓	
   ✓	
   ✓	
   ✓	
   ✓	
  

pη’ ✔	
   ✓	
   ✓	
   ✓	
   ✓	
   ✓	
   ✓	
   ✓	
  

pω ✔	
   ✓	
   ✓	
   ✓	
   ✓	
   ✓	
   ✓	
   ✓	
  

K+Λ ✔	
   ✓	
   ✓	
   ✔	
   ✓	
   ✓	
   ✓	
   ✓	
   ✓	
   ✓	
   ✓	
   ✓	
   ✓	
   ✓	
   ✔	
   ✔	
  

K+Σ0 ✔	
   ✓	
   ✓	
   ✔	
   ✓	
   ✓	
   ✓	
   ✓	
   ✓	
   ✓	
   ✓	
   ✓	
   ✓	
   ✓	
   ✔	
   ✔	
  

K0*Σ+ ✔	
   ✓ ✓	
   ✓	
  

Neutron target 

pπ- ✔ ✓ ✓ ✓ ✓ ✓ ✓ 

pρ- ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

K-Σ+ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

K0Λ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

K0Σ0 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

K0*Σ0 ✓ ✓ 

✔ - published,  ✔ - acquired, planned 
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Summary 
!   “compete measurement” in pseudoscalar meson 

photoproduction becomes reality 
!   Data collection with proton target is complete 
!   Data collection on the deuteron is underway 
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