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Motivation 

•  Study of  γn!π – p is part of  HDice program for observables:  
E (circ.p. beam on long.p. target),  G (lin.p. beam on long.p. target) 

•  No published data for E symmetry on γn!π - p 

•  High-statistics reaction: was used (together with ππN) to check 
detector response, peculiarities of  target and beam polarization, 
etc. 
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g14 run conditions 

•  Data taking Dec. 2011 – May 2012 
(11.0 bill. events with circ. pol. beam; 3.8 bill. events with lin. pol. beam) 

•  Torus field +1920 A (2 bill. events); -1500 A (remaining 12.8 bill. events) 

•  Deuteron polarization rotated (12/16/11 and 5/9/12) 

•  Special beam helicity setting for Qweak (delayed reporting at 960 Hz flips) 
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Event Selection 

•  Select events with one pos. & one neg. charged particle 

•  Energy loss, momentum corrections (using kinematic fit for γp!ππp ) 

•  Fiducial cut 

•  Δt cut (tmeas– tcalc)≤ 1ns   or  Δβcut (βmeas–βcalc)≤ 0.06 (p) or ≤0.03 (π) 
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Event Selection (II) 

•  Vertex cut  -10.5 ≤ vz ≤ -5.0 cm 

    (Notes: Kel_F peak will be used 
for relative normalization;       
empty target data ‘subtracted’) 

•  Missing mass, missing 
momentum, coplanarity cuts 
depending on analysis method: 

(1)  Sequence of  1-D cuts and 
background subtraction  

(2) Kinematic fit of  γ(n)!π- p 

(3)  BDT method 
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(1) Background subtraction 

•  Collinearity cut: Δφ=|φp–φπ |≤ 20o 

•  Miss.Mass of   spectator proton: 0.0 < MM(γd!π-p X) <  1.1 GeV2 

•  Miss.Momentum: |P (γn(ps)!π-p (ps) )| ≤ 0.1 GeV 

•  Subtraction of  scaled ‘empty target’ data (scaled to match foil at 1.1 cm)  
and correct for different amount of  aluminum cooling wires 

•  Background in target region (-5.0<vz<-10.5 cm): 

gold2:  
2.4% bckgrd 

silver1:  
3.6% bckgrd 
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(2) Kinematic fitting 

•  1-C fit of  γ(n)!π- p   (neutron momentum unknown) 
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(2) Kinematic fitting (cont.) 

•  Effect of  momentum corrections on Miss.Mass(γ(n)!π- p) : 

•  Effective mass of  quasi-free neutron: m*=930.3±0.3 MeV 

 - assuming spectator proton on mass shell: 
             Miss.Mass(γd!π-p X) 
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(3) Analysis using BDT 

•  Multivariate classification method using training data                                
(signal data from quasi-free π- p MC; background data from empty target runs) 
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(3) Analysis using BDT  (cont.) 

•  Find optimal cut value (initial S/B ratio is 1:2 for miss.mom.<400 MeV) 
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blue:  
before BDT cut 
red:  
BDT selected events 
black:  
BDT rejected events 



E asymm. using B.S. and BDT 
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•  both methods give consistent results, 
•  BDT method with higher statistics 

Silver1&2 data 

gold2 data 



Dependence of  E on missing momentum 

large miss.mom.: final-state interactions, deuteron D-state contributions 

•  consider average E as fcnt. of  Pmiss: 

•  BDT correction: 8.6% 

•  Backgrnd subtr.: 3.6% 
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D-state contribution 

•  deuteron D-state only at large Pmiss 

•  applied cuts practically remove all 
contributions from deuteron D-state  
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Averaging of  correlated data 

•  3 independent analyses of  the same data up to some differences in the number of  
selected events 

•  Best estimator for mean:                               with                      and 

•  Expected test statistic (for n d.o.f.):                        

•  if                         then probably errors underestimated => rescale  

•  if                        then either errors overestimated or data are positively correlated 

•  For correlated data define a correlation parameter f  to construct a covariance matrix 

•                                                                    and find an optimal f   by solving 

                                                                        the corrected variance is then 
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E asymmetry for  γn!π- p 
(W=1480-1960 MeV)   
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E asymmetry for  γn!π- p 
(W=1960-2320 MeV)   
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Note: large model discrepancies at higher W  !  g14 data will have impact    



Summary & Outlook 

•  First measurement of  E for γn!π- p using 3 independent methods 

•  This reaction is being used for corrections & consistency checks 

•  Systematic studies largely completed (not shown here) 

•  Analysis note almost ready for review 

•  more to come from g14:  
     G asym. for γn!π- p ,  E asym. for K0Λ, observables for ππN 

Thank you for your attention! 
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E asymmetry using 1-D cuts and 
background subtraction 

CLAS Coll. Meeting Oct.2015�18 

T. Kageya, NSTAR2015 



E asymmetry using kinematic fitting 
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