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Some History
● Initial State Helicity Correlation in Wide-Angle Compton Scattering, PR-05-003, deferred with regret by 

PAC 27 - mixed electron/photon beam.
● Initial State Helicity Correlation in Wide-Angle Compton Scattering, E05-101 approved for 14 days by 

PAC 28 (A -) - mixed electron/photon beam.
● Pure photon source (radiator, dipole, dump) proposed at Jan. 2006 Hall C meeting.
● E05-101 was planned to run with SANE (2009) but did not - lack of beam time.
● Initial State Helicity Correlation in Wide-Angle Compton Scattering, E12-14-006 (2014) approved at 

PAC 42 for 15 days (B) - essentially a resubmission of E05-101, with a mixed electron/photon beam
● 2kW pure photon beam (single dipole and dump upstream of target) presented at NPS meeting on 10/9/14.
● Polarization Observables in Wide-Angle Compton Scattering at Photon Energies up to 8 GeV, PR12-

15-003, deferred by PAC-43, 10 kW Compact Photon Source introduced.
● Longitudinal and Transverse Target Correlation Asymmetries in Wide-Angle Compton Scattering, 

PR12-16-009, deferred by PAC-44, 25kW pure photon beam, with downstream beam dump presented.
● PAC-43 encouraged group collaboration leading WACS discussions at April-2016 ECT* Workshop.
● PAC-44  recommend that the laboratory provide resources for a workshop focused on the physics case, as 

well as an optimized compact photon source and beam dump



  

Wide-Angle Compton Scattering

● Critical processes still yet not well understood at the 
Jlab energy

● Lots of untapped information with real-photon
● Can potentially provide complimentary information 

to DVCS, DDVCS, TCS, DVMP
● Establish essential understanding of background 

QCD amplitudes: Compton, Pion
● Much more information in the polarized observables



  

Questions for Polarized Target 
WACS

● What are the observables needed and what do they tell us?
● What is the nature of the quark which absorbs and emits 

photons?
● If GPD approach is correct, is it indeed true that the RCS 

reaction proceeds through the iteration of photons with a 
single quark?

● Can we obtain direct measurements of the hard 
subprocess?

● What are the quark helicity flip, non-flip contributions?
● Are we looking conflicting information or are we trying to 

reduce uncertainty on the Compton form factor ratios?



  

What are the Observables

Transverse target (N-type), parity invariance

Longitudinal polarization (L-type) of outgoing proton 

Sideways polarization (S-type) of outgoing proton 

Longitudinal polarization (L-type) of initial proton 

Sideways polarization (S-type) of initial proton 

Photon helicity asymmetry 

(N-type) target single spin asymmetry

Transfer from incoming to outgoing photon



  

Relating Spin Dependent Observables 
using handbag connection to GDPs

-t>Λ2



  

SCET and WACS Polarized Observables 



  

●SCET provides a complete systematic framework for 
interpretation, ALL= KLL to all orders in αs within the 
contribution of the power corrections

●Helicity flip amplitudes are  incorporated into the 
SCET scheme to describe leading-order factorization 
resulting in a well define relation between KLL and ALL 

as well as KLS  and ALS 

●Measurements of these observables can be used to 
clarify the role of power suppressed helicity flip 
contributions and discriminate between the other 
leading interpretation by studying θ-dependence, s-
dependence and sign difference for the transverse

●A description of the helicity flip amplitudes at leading 
order  -requires data to completely parameterize the 
matrix elements to map directly the interpretation

●Starting with original definition from Babusci et al 
Phys. Rev. C vol 58 1013, SECT finds KLS = ALS

SCET and WACS Polarized Observables 

Kivel, N. & Vanderhaeghen, M. 
Eur. Phys. J. C (2015) 75: 483



  

Constituent Quark Model

The CQM model predicts a large
numerical effect from the helicity flip 
amplitudes which are power 
suppressed but for small |u| can 
produce substantial corrections.

Initially only one data point for K
LL



  

Model Layout

Strong case for large angles

● GPD: Huang et  al.,  Eur. Phys. J. C 23, 301 (2002)
● CQM: Miller et al., Phys. Rev. C 69, 052201 (2004)
● SCET: Kivel et al., Jour. High Energy Phys. 4, 1 (2013)
● Regge: Cano, Phys. Lett. B 551 (2003)
● PQCD-COZ: Chernyak et al., Z. Phys. C 42, 569 (1989)
● PQCD-asymp: Brooks et al., Phys. Rev. D 62 114021 

(2000)



  

Initially Proposed Experiment



  

High Momentum Spectrometer
● About 1.66 m to target, the acceptance is determined by the collimator

● Solid Angle = ~7 msr.

● Momentum acceptance: +/-9%

● dP/P=0.2%

● d_tr=1 mr, dPhi_tr=1mr

● dY_tg=1mm

Neutral Particle Spectrometer
● 30”X30”

● dE/E=3%

● Position= 3mm

● Distance to target and vertical offset depends on kinematics



  

E12-14-006 Setup 



  

Standard UVA/Jlab-Target
● Standard Operation

● Requires Target Operators

● Requires Target/Polarization experts on the 
experiment

● Innovations continue

- magnets (long and trans)

- Material

- Auto polarization optimization

- Fast helicity flip

- Software controls



  

Determine Rates

Model from: G. Miller, Phys. Rev C 69, 052201 Fitted to E99-114: Phys. Rev. Lett 98, 152001



  

Proposed Kinematics

P2 was not approved



  

Distributions (in MC)



  

RCS Signal Extraction (in MC)

Kinematic Variables: dX, dY, dE, s, t, u



  

Analysis (in MC)



  

Improving Asymmetry Uncertainties

● Make cuts to isolate Pion channel and study asymmetry

● Study asymmetry of the combination of RC and Pion

● Use multivariate analysis is attempt to isolate RC signal 
from the pion and study both separately

● Find balance of statistics and systematics from 
background separation process

Further Information Can be found:
https://userweb.jlab.org/~dustin/software/NeuralNets/

&
https://userweb.jlab.org/~dustin/work/work1/MVA-WACS

Proposed with standard dilution factor

https://userweb.jlab.org/~dustin/software/NeuralNets/


  

Newly Proposed Experiment



  

Pure Photon Beam Source

NPS

FZ magnet Original Setup



  

Pure Photon Beam Source

Split radiation dose between location at collimator and a dump down stream



  



  

High Momentum 
Spectrometer

● About 1.66 m to target, the acceptance 
is determined by the collimator

● Solid Angle = ~7 msr.

● Momentum acceptance: +/-9%

● dP/P=0.2%

● d_tr=1 mr, dPhi_tr=1mr

● dY_tg=1mm

Neutral Particle 
Spectrometer

● 30”X30”

● dE/E=3%

● Position= 3mm

Configuration for PR12-16-009

● 3μA electron beam current to get 1011 photons/sec

● Rotating Target Raster

● Collimator, beam bent under target, dump way down stream

● Prioritizing kinematics of interest for large angles

● Radiation Safety Around Target



  

Still Improving
Collimator-Beam line work



  

Non-standard Jlab/Uva-Target

● Considering radiation damage and calculated effects on target 3μA should be the max

● Still an improved target performance compared to 100 nA standard polarized target

● Still must move the photon spot (no fast or slow raster) on target with respect to material (burn 
depolarization hole)

● Rate based on heat load and interaction rate at the photon beam site on target limited to a few seconds



  

Raster Over Faces of Target

● Kel-F (C2ClF3)n cup and driving gear

● Motor outside cryostat

● NMR coil around cup

● Already used with several designs at UVA

● 1 Hz achieved with no problem

● Fixed beam spot



  

Raster Over Face of Target

● Vertical  Motion in 
combination with rotation 
motion (stepper motors)

● Target Insert Actuator

● Standard Movement



  

Raster Over Faces of Target

● Control target position

● Rotate while moving up and down

● Similar to standard dimensions   
3 cm x 2.7 cm

● Also possible to expand 
dimensions

● Keep rotation cycles consistent 
per physics run for systematic 
regularity

Vertical and Rotational



  

Further Optimization

●  Rotation rate ωf >f0 (Br)t1
●    Field region would allow larger cups up to 5 cm diameter
●    Size of cup ultimately limited by fridge
●    Position NMR loop on the side of the field

Expand size of cup outside 
of homogeneity



  

Configuration for PR12-16-009



  

Kinematics for PR12-16-009



  

Full set of Kinematics



  

General Physics Goals

● Study initial state helicity correlations at large s, t, and u where the 
calculations can best be compared to data  

● Test how the RCS reaction proceeds with the interaction of photons 
with as a current or constituent quark (hard and soft contributions)

● Build the necessary polarized observable to assist in the 
interpretation of the phenomenology required to move the theoretical 
framework forward

● Help to determine the Compton form factor ratios from measuring the 
polarized target asymmetries over a range of kinematics

● Provide additional constraints by holding some kinematics variables 
fixed studying the variation in others



  

Summary of Data Goals
● Take ALL Data to compare with KLL : Helps to build understanding of contributions from 

orbital angular momentum, checks the GPD relationship extracted from form factors through the sum 
rules, needed info on the hard subprocess, current/constituency, proton helicity flip contribution

● Take ALS Data to compare with KLS : Study form factor ratio through a new 
observable and checking previous measurements, powerful for GPD, SCET

● Data at Large angle, Large Mandelstam Variables : Best discriminating 
power between models, checks leading models as well as other competing theory

● Fix s and study change in θ, fix θ and study change is s : For both GPD 
and SCET s-dependence is small, must measure to know power suppressed contributions

● Expand number of measured observables: To help theory parameterize and 
interpret phenomenology



  

Priority of Kinematics
Priority point θ-cmo s -t -u

1 P6  (A
LL

) 120 13.6 9.0 2.9

2 P5 (A
LL

) 90 13.6 5.9 6.0

3 P3* (A
LL

) 140 12.0 9.0 '1.2'

4 P7 (A
Ls

) 120 13.6 9.0 3.0

5 P4(A
LL

) 90 7.6 3.0 2.8

6 P1* (A
LL

) 70 8.4 '2.3' 4.4
S-dependence

K
LL 

Angles

Best Discrimination
at large Angles

120o:K
LL

1  : 70o:K
LL

2 :



  

A New Hope

● Much more work done on beam-line/dump (see talk by D. Day, 
and J. Zhang )

● We are ready for a final proposal (has to be all inclusive)
● We continue to hope for a united effort with whatever detector 

of photon source is optimal
● Likely the last iteration...

Please don't let this physics and other (high intensity) photon 
physics fall by the wayside!!



  

Thank You
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