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The pion-nucleon processes

Since prediction as a carrier of nuclear force pion was the subject of an enormous number of 
papers and is related to every aspect of the nucleon structure, the meson cloud, ... , pdfs.

In the low energy domain the photo-pion process is a foundation represented by Kroll & 
Ruderman (PR 1954), experiments at Stanford by Panofsky & Woodward (PR 1956), Gell-
Mann & Watson review (Annual Review Nucl. Sci 1954) and many results obtained later.

Production cross section, a bit modulated in the resonance region, shows scaling in amazing 
agreement with the pQCD mechanism.

There is a large interest in finding the dominant mechanism of this process and having QCD-
based calculation.  In the GPD era the calculation from the first principles is the main goal, 
which for the pion photoproduction was likely achieved by Kroll & Passek-Kumericki (PRD 
2018). This development,  important to all aspects of pion physics especially in the JLab
physics program, will be tested in the proposed experiment (if approved).

The proposed experiment has the kinematical parameters (s, -t, -u) where the GPD twist-3 
calculations are supposed to work and the design is supposed to provide precision results.

Introduction 2
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Pion photo-production physics 

There are several regions in s, t, u with very different physics, for example:
1) Near threshold – effective field theory 
2) Resonance region – partial wave analysis
3) Above resonances, semi-inclusive deep inelastic scattering – pQCD, GPDs

At sufficiently large s, -t, -u (calculable!) in the wide angle regime, the GPD-based 
calculations should work. However, the twist-2 treatment is not sufficient. 

twist-2

3

p0 photoproduction at s=11 GeV2
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The observable to measure in the experiment

WACS

For start, let us look the case of Compton scattering
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Pion photo-production with GPD 
Peter Kroll, report at SBS meeting, 2/2021

WAMP



PionALL B. Wojtsekhowski                         PAC49 July 21, 2021 6

The observable to measure in experiment

WAMP

Peter Kroll, report at SBS meeting, 2/2021
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Pion photo-production with GPD 
Peter Kroll, report at SBS meeting, 2/2021

WAMP twist-3
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Pion photo-production from nucleon

8
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photon helicity target polarization

The observable to measure in the experiment
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Importance of the large s, -t, -u
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The pion photo-production cross section
Phys. Rev. D 14, 679 (1976)

SLAC data

Angular dependenceScaling

11
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Beam: 20 µA, 85% polarization
Target: 60 cm polarized He-3

Pion arm at 30-42o
Proton arm at 20-33o

With 10 days total of beam time 
the resulting accuracy for each of 
FIVE kinematical points will be

Systematics is 0.05, mainly from 
the uncertainties in the target and 
beam polarizations.

Experiment: Layout and Parameters
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�ALL = 0.05

Experiment layout

Super Bigbite

BigBite

Hadron Calorimeter
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Equipment: Polarized Target

Equipment
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Experiment: BigBite spectrometer

Detectors

Solid angle ~ 50 msr
Momentum / angular resolutions ~ 1% / 1 mrad
PID with two-layer shower and Gas Cherenkov
Time resolution ~ 0.5 ns
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Experiment: Super Bigbite spectrometer 

Detectors

Solid angle for this setup ~ 35 msr
Momentum / angular  
resolutions are ~ 1% / 1 mrad
Time resolution (HCAL) ~ 0.5 ns

Hadron Calorimeter
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MC simulation 

16Geant4 simulation 
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Experiment: Event reconstruction
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Projected results and beam time request

18Projected results

stat

15% theoretical
uncertainty

10 days total with overhead
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Summary

§ Measurement of ALL asymmetry in single pion photo-
production together with approved PionKLL experiment 
will test the novel GPD-based calculation.

§ The proposed test of ALL at several s and -t values will 
provide confidence in the overall result.

§ Pion photo-production physics originated about 70 
years ago could reach next stage of understanding.
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Backup slides

20
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Theory review on PR12-21-005

… nuclear final-state interactions that change its momentum or possibly the  observed  particle type. 
Those interactions  could  be estimated  in an  eikonal-type  formulation  appropriate to high-energy 
scattering, including spin dependence in the initial configuration and the re-scattering process.  

Reply: We agree with this suggestion. From our experience with the first GEN experiment on He-3 the FSI 
correction is likely to be below 5% at the momentum of the particles produced in this experiment due to 
helicity conservation at high momenta. As in nTPE and GEn experiments, we are collaborating with Misak
Sargsian who developed the state-of-the-art eikonal-type codes for exclusive reactions. 

21



PionALL B. Wojtsekhowski                         PAC49 July 21, 2021 Technical review

Technical review on PR12-21-005
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Technical review on PR12-21-005
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Technical review on PR12-21-005
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Scaling: Pion production and real Compton scattering

25
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Phys. Rev. D 14, 679 (1976) E99-114, PRL 98, 152001 (2007)

Scaling
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Pion photo-production in Regge model 

26

J-M. Laget, Physics Letters B 685 (2010) 146–150 

Regge



PionALL B. Wojtsekhowski                         PAC49 July 21, 2021 

Pion scattering and production processes 

27
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Pion physics



PionALL B. Wojtsekhowski                         PAC49 July 21, 2021 

The two-pion photo-production background

Phys. Rev. D 14, 679 (1976)Eur Phys J A (2004) 19, s01, 257–260

Two-pion cross section

full ds/dt
for background

28
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Background rejection by using a cut on the missing pperp

p-p     events: 0.64 fraction below the cutcut

p-D++ events: 0.13 fraction below the cut

29

The two-pion photo-production background
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