
Forward and backward Forward and backward 
BSA from BSA from ππ++, , ππ00 and and ππ--

Stefan Diehl, David Riser, 
Kyungseon Joo

University of Connecticut

CLAS Collaboration meeting, JLAB

03/08/2018



PhysicsPhysics motivationmotivation: : reactionreaction mechanismmechanism of e p of e p  e n e n ππ++
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meson in nearly forward region

small t channel contribution
larger u channel contribution

hard perturb. QCD + GPDs + π DA

meson in neraly backward region

small u channel contribution
larger t channel contribution

hard. Perturb. QCD + p to π TDA + n DA

center of mass frame with positive direction along incoming virtual photon



Hard Hard exclusiveexclusive singlesingle pionpion electroproductionelectroproduction
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The e16 and e1f The e16 and e1f runsruns of CLAS 6of CLAS 6
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~ 70 % polarisation~ 75 % polarisation

unpolarized liquid 
hydrogen target

unpolarized liquid 
hydrogen target

100 % torus field60 % torus field

electron beamelectron beam

5.754 GeV5.498 GeV

e16e1f

Better detection of π+Better detection of π-



Electron identificationElectron identification
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EC sampling 
fraction

EC outer versus EC inner

EC fiducial cut CC fiducial and noise rejection cuts

+ DC region 1 and 3 fiducial cuts       + z vertex cut



Proton and Proton and ππ±± identificationidentification
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 Fit adjusted to the 3σ region of a slice fit



Deep inelastic scattering (DIS) cutsDeep inelastic scattering (DIS) cuts
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W > 2 GeV

Q² > 1 GeV²

e p   e π+ (n) e p   e p (π0) 

e p   e π- (Δ++) 



Topology 1Topology 1:  e p  :  e p   e e ππ++ (n)(n)

missing mass cutmissing mass cut

77

Stefan Diehl, UConn CLAS collaboration meeting, JLAB 03/08/2018

missing 
neutron



BSA BSA forfor e p e p  e n e n ππ++
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negative positive
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AALULU forfor e p e p  e n e n ππ++

)Im()sin( 00
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Reproduces the results
David Riser showed at 
the last collaboration
meeting

Amplitude: 9-10 %

)cos( CM

)cos( CM



Topology 2: e p  Topology 2: e p   e p (e p (ππ00))
missing mass cutmissing mass cut
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missing π0

radiative photons have been rejected

α(beam,X) > 5° and α(e`,X) > 3°



BSA  BSA  forfor e p e p  e p e p ππ00
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)cos( CM

negative
small

positive
small

positive
8 – 9 %



AALULU forfor e p e p  e p e p ππ00
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)cos( CM

ALU increases in forward directions



Topology 3Topology 3:  e p  :  e p   e e ππ-- ((ΔΔ++++))

missing mass cutmissing mass cut
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missing mass 
before DIS cut

missing mass 
after DIS cut

Δ++



BSA  BSA  forfor e p e p  e e ΔΔ++++ ππ--
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)cos( CM

)cos( CM
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AALULU forfor e p e p  e e ΔΔ++++ ππ--

Δ++

 Negative offset

 Significant background

 Turning point at ~ 90°

)cos( CM
wide cut

narrow cut

wide cut

narrow cut

amplitude: 4-5 %
offset: - 4-5 %



ComparisonComparison of Aof ALULU forfor thethe threethree pionspions
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ALU of π+ is positive in 
forward directions and 
negative in backward
directions

 sign changes at 90°

ALU of π- shows an 
opposite bahviour if 
the offset is considered

 turning point at 90°

ALU of π0 is small in the
central region, but
increases in very forward
directions

 sign changes ~ 90°



SummarySummary and Outlookand Outlook
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The forward – backward asymmetry has been determined
for the first time for all three pions

A sign change of ALU from positive to negative has been observed for
π+ and π0 if we go from the forward to the backward region

Considering the offset, π- shows an opposite bahaviour

Additional topologies will be studied:

e p  e p X            (missing η, ρ)
e p  e π0 X          (missing proton)

e p  e p π0,   e p  e p η (exclusive)

Kinematic fitting will be applied to achive a better background separation
(see next talk by Frank Cao)

BSA will be extracted with the established procedures
for 2.2, 6.4 and 10.6 GeV data of CLAS 12


