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Outline

● Quick introduction into the u-channel physics

● Four Experimental objectives

● Experimental detail
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Forward and Backward-angle Scattering off Atoms

● Forward scattered alpha particle: extracting the interaction 
radius with nucleus and mapping out the transverse 
structure of the atom (mostly empty)

● Recoiling alpha particle: stiffness of the “point-like” 
structure. 

● Full structure must incorporate both forward angle and backward 
angle observables.

Gold atom

Alpha particle

Nucleus Recoiling alpha 
particle

Forward scattered 
alpha particle
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Forward and Backward-angle Photoproduction

photon

Proton
Parton

Forward 
fragments

Backward 
fragments

Transition: 
Soft structure→Hard structure→Soft structure 
M. Guidal, J.-M. Laget, and M. Vanderhaeghen. 
Physics Letters B400(1): 6 – 11, 1997.

u-Channel
Backward

Meson pole 
contribution

t-Channel
Forward

Baryon pole contribution
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tmin : 0° emitted meson and 
the q-vector  

umin : 180° emitted meson 
and the q-vector  



Hadronic Model: Transition (Evolution) of Proton Structure

Evolution of the 
Proton Structure

● Physical parameters:
○ x, W (or s), Q2, t, u

● x Evolution:
○ Parton momentum fraction: 0.2-0.3 

valence quark distribution is pronounced

● W Evolution:
○ Dictate if a process is in the resonance 

region

● Q2 Evolution:
○ Wavelength of the probe, or resolving 

power

● t Evolution:
○ Inversely related to the Impact 

parameter b

● What is the significance of u 
evolution? 6



t-Channel 𝛑 + vs u-Channel 𝜔 Production

e e

e’e’

𝛑+ p1H(e, e’𝛑 +)n 1H(e, e’p)𝜔

𝜔n

■ F𝛑-2 charged 𝛑 form factor experiment (E01-004)
■ Standard HMS and SOS (e) configuration

■ Primary reaction for Fpi-2
■ t-channel 𝛑 + production: 1H(e, e’𝛑 +)n

■ Nature gives us u-channel : 1H(e,e’p)ω
■ Kinematics coverage

■ W= 2.21 GeV, Q2=1.6 and 2.45 GeV2 7

p

Coincidence time

𝛑+



GPD, SPD and TDA (Hard Structure)

Complete description of Nucleon 
● GPD: is like a hadron tomography of the proton. It is extracted predominantly based the forward angle observables.
● SPD: Skewed Parton Distribution. Discovered Frankfurt and Strikman in 2003. Hadron tomography of the proton at  

large skewness. At extreme skewness, known as the Super SPD. 
● TDA:  meson-nucleon Transition Distribution Amplitude (TDA), similar to super SPD. Rediscovered by B. Pire, and L 

Szymanowski and K Semenov-Tian-Shansky.. Tomography of partonic distributions in the nucleon --> meson and 
vice versa transitions probed in the backward angle kinematics 

GPD TDA ( or 
Super SPD)

SPD

-tmin -t ≈ -u
-tmax

  

8
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Validation of TDA Factorization Scheme

Two qualitative predictions from TDA:
● 𝛔T ~1/Q8 scaling behavior
● 𝛔T > 𝛔L , 𝛔L ~ 0

Three phases of validating TDA with JLab 12 GeV meson electroproduction :
● Stage 0: find u-channel peaks for all mesons (12 GeV), experimental objective #1 and #2. 
● Stage 1: test TDA predictions (12 GeV), experimental objective #3 and #4.
● Stage 2: extractions of TDAs

All four objectives are described in the next few slides

CLAS 6 𝜋+

Hall C 6 GeV ω 



Objective 1: Backward-angle Peaks (Stage 0)
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Objective 1: Demonstrating the existence of the u-channel peaks 
for H(e,e’p)𝝅0

● 𝝅0 is relatively clean channel with great community interests
● E12-13-010 NPS experiment provide low -t L/T separated cross 

section

x=0.36

This proposal

-tMax

E12-13-010 NPS Experiment

-tMin



Objective 2: u-dependence (Stage 0)
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Objective 2: u-dependence of the separated cross section
● Extracting -u dependence of the unseparated cross section and interaction radius:

● Study of parameter rint as function of Q2, probe the proton structure transition from hadronic to 
partonic degrees of freedom.  (Similar to the study by Halina Abramowicz, Leonid Frankfurt, Mark 
Strikman, arXiv:hep-ph/9503437, 1995.)



Objective 3: TDA Prediction #1 𝛔T>𝛔L
 Stage(1)
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Projected T/L ratio vs Q2 (this proposal)

L/T Separated Cross section 
● TDA predicts 𝛔T > 𝛔L.
● Experimental criteria for concluding 𝛔T dominance:  

𝛔T/𝛔L increases as a function of Q2 and reaches 𝛔T/𝛔L 
> 10 at Q2 = 5 GeV2

L/T ratio vs Q2 (6 GeV F𝜋-2 experiment)



Objective 4: TDA Prediction #2, 𝛔T ∝ 1/Q8  Scaling (Stage 1)
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𝛔L vs Q2𝛔T vs Q2

L/T Separated Cross section 
● TDA predicts 𝛔T ∝ 1/Q8.
● TDA predicts 𝛔L ~ 0, not a leading order leading twist 

contribution effect.
● Experimental beam time planned to determine (Q2)n, 

3.75 < n < 4.25

𝛔 vs Q2 (CLAS 6 result)



Proposal: PR12-20-007 Backward-angle 1H(e,e’p)𝜋0

e

e’

p

First dedicated u-channel electroproduction study above the 
resonance region: 

● Q2 coverage:  2.0 < Q2 < 6.25 GeV2, at x=0.36 and W > 2 GeV 
L/T separated cross section @ Q2= 2, 3, 4 and 5 GeV2.

● u coverage: |umin| <  |u|  < |umin| +0.5 GeV2

● Additional W scaling check @ Q2 = 2 GeV2

● Additional Q2 scaling check @ Q2 = 6.25 GeV2

𝜋0
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1H(e,e’p)𝜋0

Q2 
GeV2

W
GeV

𝝐 x 𝜽pq
Degree

2.0 3.00 0.32 0.20 -3, 0
0.79 0.20 -2.8, 0, +3

2.0 2.11 0.52 0.36 -3, 0, +3

0.94 0.36 -3, 0, +3
3.0 2.49 0.54 0.36 -3, 0, +3

0.86 0.36 -3, 0, +3
4.0 2.83 0.56 0.36 -3, 0, +3

0.73 0.36 -3, 0, +3
5.0 3.13 0.26 0.36 -3, 0 

0.55 0.36 -3, 0, +3
6.25 3.46 0.27 0.36 0



Theory TAC Report

Direct quote from the theory TAC report

● “This proposal will provide the needed information to verify how hard scattering 
interactions play a role in backward exclusive production, confirming early 
indications that this may happen starting at values of Q2  > 3 GeV2”

● “Should this not be the case, and soft, non-perturbative interaction play a 
non-negligible or dominant role, the envisioned model-independent measurements 
are likely to encourage the development of non perturbative methods, that at present 
seem limited to hadronic modeling”

● “Either way, this experiment should enable an initial study of the soft-hard mechanism 
transition, and spur further theoretical and experimental activity.”
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HMS as e arm (most settings)
● Standard e PID, HGC < 1 atm various pressure
● Aerogel: n=1.0011 tray for proton ID (for electron detection 

setting)

SHMS as proton arm (most settings)
● NGC installation (for electron detection setting)
● HGC: 1 atm vetoing 𝜋 and K
● Aerogel: n=1.0003 tray for proton ID (threshold cut at 3 p.e.)    

SHMS 𝜷 vs Coincidence timing structure:
● Coincidence timing is the primary method for the proton 

Primary Physics Background
● Two pion exchange phasespace
● DVCS

Particle Identification
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Kaon LT experiment

 
ep→e’+n+𝜋+

ep→e’+𝛬+K+
e+p→e’+p+X

K+, 𝜋+ , p real coincidence

No acceptance or PID cuts applied

𝜋0

DVCS

Rejecting 2𝜋 
phasespace 



Requirement
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p

𝜋0

● PAC Days request: 29.4 days
● Beam request: standard beam tune during the time of 

running with standard polarization
● Equipment refurbishment:

○ HMS Aerogel PMT Replacement (new request)
○ SHMS Aerogel tray of n=1.0003 (already planned)

● Special detector configuration:
○ Installing NGC for SHMS
○ SHMS aerogel tray n=1.0003
○ HMS aerogel tray n=1.0011
○ Using Moller polarimeter

● Experimental TAC report 
○ Minimum required SHMS angle (design spec): 5.5° (5.5°)
○ Minimum required HMS angle (design spec): 10.5° (10.5°)
○ Minimum required HMS-SHMS separation (design specs): 18.0° (17.5°)
○ These are required by Fpi-12 measurement at Hall C in 2021.
○ We will re-tune our kinematics to match the minimum achievable angles. 



Beam Time Request - Hall C
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● Time estimate include 10% for 
the dummy target running

● 70 uA current for all LH2 
measurement settings

● One shift per energy change 
(three energy change in total), 
22 hours is the overhead when 
changing momentum setting, 
angle, polarity and detector 
pressure

● HMS momentum saturation 
study needed

● Beam polarization 
measurement needed. One 
shift per energy change.



Thanks you and Advertisement
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Backward angle Physics workshop: Sep 21st-23rd, 2020

JLab event Page: https://www.jlab.org/conference/BACKANGLE

Indico page: https://www.jlab.org/indico/event/375

● The workshop have representatives from all four halls, from JLab 6, 12 
GeV, PANDA and EIC

● u-channel electroproduction (Hall A, B, C) examples at 12 GeV
● u-channel photoproduction (Hall B, D) examples at 12 GeV
● Theory perspective:

○ Meson-Nucleon Transition Distribution Amplitude
○ Photon-nucleon together with meson-nucleon TDAs 
○ Skewed Parton Distribution
○ u-channel Regge Approach

● Future perspective of u-channel physics 
○ u-channel 𝜋0 production at EIC
○ Studying TDA with pp → e+e−𝜋0 at the PANDA Experiment

● A summary white paper is planned: outlining the JLab 12 GeV to EIC 
u-channel physics strategy

https://www.jlab.org/indico/event/375


Backup Slides
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Error Budget
● Correlated (scale) cross 

section is comparable to 
the F-𝝅-2-𝜔 analysis

● Uncorrelated (pt-to-pt) is 
much smaller since 
1H(e,e’p)𝜋0 is a ‘clean’ 
channel
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Unseparated X–section
Separated X-section

Iterative Procedure for L/T Separation

Extract L,T,LT,TT via simultaneous fit

Combine ratios for settings together, 
propagating errors accordingly.



JLab 12 GeV to EIC Transition: u-channel 𝜋0  production
TDA @ PANDA

TDA @ EIC

q2 scaling

Q2 scaling

Same TDAs for PANDA and EIC, the ultimate 
universality check

The PANDA Collaboration, Eur. Phys. J. A (2015) 51: 107

PAC 48  proposal
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