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•  Recent work on large acceptance nucleon polarimetry 
 
   -> Useful in next generation SRC experiments? 

•  Revisit some (γ,NN) results  

Outline 



EDPOL2:  CB@MAMI 

•  EDPOL2 Run completed Aug ’17 

•  10cm liquid deuterium target 

•  d(γ,pn)   n(γ,π0)n  n(γ,η)n 
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Expected statistical accuracy for D(γ,pn) 
P

ro
to

n 
po

la
riz

at
io

n 

θcm=90o 

0                                    1                                     2                                    3 

CB@MAMI  
(projected) 
θN bin of ±10o 

D(γ,pn)  

D(γ,pn)  

Photon	energy	(GeV)	



EDPOL1 CB@MAMI – hydrogen target 

•  EDPOL1 – no MWPC. 
•  Geant4: New classes: Parameterise  p-12C scattering data (+SAID PWA for QF NN)  

PhD Sikora 
Edinburgh 
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g13 Experiment@CLAS 
Liq D2 target 40 cm long 
Circular (g13a) 20 triggers 
Linear (g13b) 30 triggers 
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d(γ,pn) with CLAS@JLAB 

•  CLAS	start	counter	as	analysing	medium	

•  Two	proton	final	state	
						->	Incident	neutron	vector	from	kinemaHcs	
						&	intercept	of	scaJer	track	with	SC	
						->	ScaJer	vector	from	CLAS	driK	chambers	

Polarisation transfer to  
final state neutron 

d(γ,pn) 	

Analysis	of	Zachariou	(Edinburgh)	



SRC 

•  Next step with CLAS data      A(γ,NN) 
            
              Physics -> Test Glauber predictions, HHC in medium, .. (more?) 
              Evolution of transferred/induced nucleon polarisation with A, Eγ

              Analysing powers may cancel to first order in ratios of targets ✓
              Glue-X possibilities? 
 
•  Use in future experiments at CLAS12, .. ? 

      Wide range of kinematic variables (Q2,ω, x..)  in one experiment ✓ 
 
      Gives access to neutron (as well as proton) polarisation ✓ 
      
      Transferred polarisation (likely) only measurable transverse to the  
      nucleon scatter plane ✗ 
 
•  Worth the effort?  Need steer from theory 



(γ,NN)	revisited	



L=0	

L=2	
L=1	

DPW,	MacGregor	et.	al.		
PRC	62	014616	(2000)		

L=1	

12C(γ,NN) @ MAMI – pair momentum distributions 
12C(γ,pn)                                   12C(γ,pp)                                   

•  	Q	distribuHon	sensiHve	to		
																										RelaHve	pair	momentum	(s-	wave,	p-wave,	d-wave)	
																																	Final	state	of	(A-2)	nucleus	
																																	ContribuHng	shells	–	e.g.	(1s)(1p)	narrower	and	at	higher	Q	than	(1p)2	

	

True	for	mean	field.	
	SRC	nucleons?	



DPW,	Macgregor	et.	al.	PRC	62	014616	(2000)		

12C(γ,pn) – high Q excess 

•  Clear	excess	at	high	Q	over		
					mean	field			
				(selecHng		(1p)2	knockout)	
	
•  Excess	rather	uniform	for	different	
					photon		energy	ranges,	kinemaHcs		
					(different	reacHon	mechanisms,		
						different	nucleon	energies,	different		
						phase	space)	
	
•  Is	comparison	possible	with	the		
						new	more	detailed	theories?	
	
•  Can	other	processes	fool	us?	
						e.g.	2N+FSI	
	

SRC/No	SRC	
(Orlandini)	

HF,WS/HO	



Photoinduced 3-nucleon knockout 12C(γ,ppn) 

DPW	et.	al.	PLB	553	(2003)	25-30	

2N+FSI	

QFPI	3N	

Total	

 
•  Comparison with Valencia model 
       -> Suggestion of direct 3-nucleon knockout (3N) contribution  
      ->  Significant 2N+FSI and QFπ +(π,2N) 
 

3N	

2N+FSI	

(1p)3		Ex<15	MeV	 Ex	<	65	MeV	 Ex	>	65	MeV	

All	include		
kinemaHc		
cut	to	suppress	
	contribuHon	
of	QFπ	



Summary 

•  Recoil nucleon polarimetry may be possible – is it worthwhile? 

•  The A(γ,NN) MAMI data may be worth revisting given the exciting 
advances in theory in recent years. 

•  Other ongoing studies - subthreshold Kaon photoproduction from 
nuclei. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



•  We are also looking at possiblities for sub-threshold Kaon photoproduction 
          Kaon has large mean free path – less sensitive to FSI 
          Need forward angle Kaon detection (new weak sub-cluster method) 
          Possibility to tag isospin of struck nucleon?  
                      γ+p -> K+ Σ0   (tag with gamma from sigma decay, or proton pi0) 

                      γ+n -> K+ Σ-    (Tag with pi- or neutron) 
•  Ratio of these reactions above and below the fermi surface? 





Analysing power of  
scatterer 

Polar angle distribution 
for unpolarised nucleons 

x and y (transverse) components 
 of nucleon polarisation 

Number of nucleons 
 scattered In the  
direction θ, φ

n(θ,φ) =no(θ){1+A(θ)[Pycos(φ)–Pxsin(φ)] 

θ

Nucleon scattering and polarisation 
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The CB proton polarimeter 
Data 
G4 total 
G4 no nuclear int 

Proton scattering angle in graphite 



Cx  - transferred poln. from circ. pol γ :     p(γ,π0)p  

Eγ=425 MeV 

Eγ=1300 MeV Eγ=1225 MeV 

Eγ=975 MeV 

Eγ=850  MeV Eγ=750 MeV Eγ=650 MeV 

Eγ=550 MeV Eγ=475 MeV 

Pion angle in CM (Deg) 



 p(γ,η)p  Cx’ 

 
 
•  Next steps   Ox, T, P  also  p(γ,2π)  and p(γ,πη) channels  

Photon energy (MeV) Photon energy (MeV) 

θcm=80±15o θcm=110±15o 

MAID 
SAID 

Cx’ 

 •  MAMI-C 



The	Crystal	Ball	and	TAPS	

Crystal	Ball	
672	NaI	Crystals	
Stops:	Protons			~	420	MeV	
													Chrg.	π		~		240	MeV	
													Kaons			~		341	MeV	
													Muons		~		233	MeV	

TAPS		
384	BaF2	crystals	
Stops:		Protons		~	360	MeV	
													Chrg.	π		~		180	MeV	
													Kaons			~		280	MeV	

ParHcle-ID		
detector	

γ



EDPOL1 with CB@MAMI 
Data 
G4 total 
G4 no nuclear int 

Proton scattering angle in graphite 



G4 – Stationary proton target:  p(γ,π0)p   

Input A=1  Cx’=1 
Pγ(circ)=1 into  
simulation 

Polarimeter efficiency ~3% 
(probability to get a “good” 
scatter event) 

Dilution ~20% 

Realistic event  
distribution 
– based on SAID PWA 



G4 – typical (n,p) charge exchange:  p(γ,π+)n   

Dilution ~25% 

(n,p) charge exchange 
polarimeter efficiency ~1% 
 
No multiple scattering peak 



Count rate estimate – as per PAC proposal   
γ-flux :                              1.2 x 105 γs-1MeV-1 

target nuclei                     2.1 x 1023 nuclei/cm2  
Meson det. eff                  π0~80%     η~35%                   Analyzing power =  ~0.2 prot 
DAQ live                          ~70%                                                                       ~0.1 neut 
Polarimeter efficiency       prot 3% 
                                         neut 1% (G4)                           dσ/dΩavg = 3 µb/sr for π 
dΩavg for θπ±100                       ~2 sr                                        dσ/dΩavg = 0.7 µb/sr  for η                            

Beamtime                         950 hours  (inc. TO)                dσ/dΩavg = 0.3 µb/sr for D(γ,pn) 
 
No.  of analyzable nucleon scatters =  dσ/dΩavg x dΩavg  x γ x nuclei x daq x  
                                                                 pol eff x meson eff x beamtime 
 
 
                                                                                    For 400 hours errors would be a factor  
                                                                                                      1.55 larger 
                           Error in extracted 
        
                                                                                                                                ΔCx=√ (2/A2N)         
                                                                                                                                ΔOx= 2/ √ (A2N) 
                                                                                                                                      
                                                                                                                 Eγ bin ± 25 MeV 
                                                                                                                  θπ/Ν  bin ± 10o 
                                                                                                                                                                                                      
       
                                                                                                                                                                                                        

 
 
                  
 
 
 
 
                                           
 
                                                            
                                                          

Channel σ:Ox/T σ: Cl
x σ: P 

p(γ,π0)p  0.06 0.03                          0.02     
n(γ,η)n ------ 0.2 0.14 
p(γ,π+)n  0.21 0.09 0.04 
n(γ,π0)n  0.21 0.09 0.04 
p(γ,η)n ------ 0.1 0.07 
D(γ,pn)  0.27 0.08 0.04 



Analysing powers for 12C(n,p) scattering   
 
 

•  Previous polarimeters (e.g. Yerevan) use 1H(n,p)   
  analysing  powers  for 12C(n,p).  
 
•  Supported by recent RCNP measurements,   
  older Saclay data,  A1 at MAMI  

Wakasa et. al. NIM A547 (2005) 269 
NPOL3 at RCNP Cyclotron 

Saclay measurements 

Model (based on 1H(n,,p) 
Experiment CH2(n,p) 

Tn~400 MeV 




