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Outline

e Quick introduction into the u-channel physics
e Four Experimental objectives

e Experimental detall



Forward and Backward-angle Scattering off Atoms
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e Forward scattered alpha particle: extracting the interaction
radius with nucleus and mapping out the transverse
structure of the atom (mostly empty)

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

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




Forward and Backward-angle Photoproduction
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Transition:
Soft structure—Hard structure—Soft structure

M. Guidal, J.-M. Laget, and M. Vanderhaeghen. 5

| Physics Letters B400(1): 6 — 11, 1997.
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Hadronic Model: Transition (Evolution) of Proton Structure
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Physical parameters:
x, W(ors), Q> 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

Q? 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 7 " vs u-Channel w Production

B oap. - ;g By o
E H-EI . "g b
i1 f1id @ \ e’ i, 915 8 Tk e’
13| 238 @ 2] ggz @
n ~ w '

i

L ] ’g‘ﬁ"g T ’fi;:g e d
H(e, e’n *)n ils 7 A H(e, e’p)w iHE 7 p
’0 g;:;;; lOOEgjj
. == m Fa-2 charged x form factor experiment (E01-004)

m Standard HMS and SOS (e) configuration

s}
II]|I||IIIIII||III|
+

7T m Primary reaction for Fpi-2
0 P m t-channel x * production: 'H(e, e’r *)n
5 m Nature gives us u-channel : 'H(e,e’p)w
. E IR m Kinematics coverage
~Hel = 0 s T m W=2.21GeV, Q>=1.6 and 2.45 GeV? 7

Coincidence time



GPD, SPD and TDA (Hard St
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Complete description of Nucleon
e GPD: is like a hadron tomography of the proton. It is extracted predominantly based the forward angle observables.
e 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.
e 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 8



Validation of TDA Factorization Scheme

1.8F

=
. o o /o }é
1.6:— =T .
1.4% %
F =
o 12f — = /> ¢
5 [\ &
o 08: :
] —VY-Or
S CETN
c N
0.4:— '\'
0.2F S g
o HaIICGGve
RN N FEEEE FEET PR S | I |
14156771879 2 515223 n

02 [G eV2] 1.5 2 25 3 A5
Two qualitative predictions from TDA:
e 0,~1/Q®scaling behavior <
—»> o 0.>0, 0',_~0

4
Q*(GeV?)

Three phases of validating TDA with JLab 12 GeV meson electroproduction :

e Stage 0: find u-channel peaks for all mesons (12 GeV), experimental objective #1 and #2.
e Stage 1: test TDA predictions (12 GeV), experimental objective #3 and #4.
e Stage 2: extractions of TDAs

All four objectives are described in the next few slides



Objective 1: Backward-angle Peaks (Stage 0)

Objective 1: Demonstrating the existence of the u-channel peaks
for H(e,e’p)7°
a° is relatively clean channel with great community interests
E12-13-010 NPS experiment provide low -t L/T separated cross

section
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Q? vs x5 coverage in Hall C
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Objective 2: u-dependence (Stage 0)
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Objective 2: u-dependence of the separated cross section
e Extracting -u dependence of the unseparated cross section and interaction radius:

or = Ae " |“|, r.=+bhe

e Study of parameter v, .as function of Q?, 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.) 11



Objective 3: TDA Prediction #1 o.>0, Stage(1)

Projected T/L ratio vs Q? (this proposal)
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Objective 4: TDA Prediction #2, 0. o< 1/Q° Scaling (Stage 1)
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o TDA predicts o, o 1/Q°.
e TDA predicts o, ~ 0, not a leading order leading twist
contribution effect.

e Experimental beam time planned to determine (Q?)",
3.75<n<4.25
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Proposal: PR12-20-007 Backward-angle 'H(e,e’p)x’

Q? w € X 0,,
GeV? GeV Degree
2.0 3.00 0.32 0.20 3,0
0.79 0.20 -2.8,0, +3
2.0 211 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
First dedicated u-channel electroproduction study above the
resonance region:

e Q?coverage: 2.0 < Q?<6.25 GeV?, at x=0.36 and W > 2 GeV
L/T separated cross section @ Q*= 2, 3, 4 and 5 GeV?.

e ucoverage: |u_.[< |u] <|u_.|+0.5 GeV?

e Additional W scaling check @ Q%= 2 GeV?

e Additional Q? scaling check @ Q? = 6.25 GeV? 14




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 Q? > 3 GeV?”’

“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.”

15



Particle Identification

HMS as e arm (most settings)
e Standard e PID, HGC < 1 atm various pressure
e Aerogel: n=1.0011 tray for proton ID (for electron detection
setting)

SHMS as proton arm (most settings)
e NGC installation (for electron detection setting)

e HGC: 1 atm vetoing 7w and K
e Aerogel: n=1.0003 tray for proton ID (threshold cut at 3 p.e.)

SHMS g vs Coincidence timing structure:
e Coincidence timing is the primary method for the proton

Primary Physics Background
e Two pion exchange phasespace
e DVCS

Kaon LT experiment
K*, n*, p real coincidence
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Requirement

e PAC Days request: 29.4 days
e Beam request: standard beam tune during the time of
running with standard polarization

e Equipment refurbishment:
o HMS Aerogel PMT Replacement (new request)
o SHMS Aerogel tray of n=1.0003 (already planned)

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

e Experimental TAC report

o 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. e JT
We will re-tune our kinematics to match the minimum achievable angles. 17
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Beam Time Request - Hall C

Q? |14 €  FEgeam [Pass] Physics Rate Background Rate PAC Time PAC Time °
(GeV?) (GeV) (GeV) (per Hour) (per Hour) (Hours) (Days)
2.0 2.11 052 4.4]2] 140 0.01 33 1.4
0.94 10.9 [5] 500 0.05 10 04
2.0 3.00 032 6.6[3] 14 <0.01 66 2.8
0.79 10.9 [5] 13 <0.01 27 1.1
3.0 249 054  6.6[3] 60 <0.01 60 2.5
0.86 10.9 [5] 140 0.01 A 1.1
4.0 2.83 0.56 8.8 [4] 40 <0.01 60 2.5
0.73 10.9 [5] 80 <0.01 40 1.7
5.0 3.31 0.26 8.8 [4] 4 <0.01 132 5.5
0.55 10.9[5] 11 <0.01 47 2.0
6.25 346 036 109 [5] 2.63 <0.01 88 £
Subtotal 590 24.6
'H(e, €'p) 28 1.2
Epeam change 52 22
Optics study 4 0.2
FEBeqnm Polar. 32 1.3
Total Time 706 29.4

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.

18



SVNGIZNBANNCIN=0 [ hanks you and Advertisement

(U-CHANNEL)
PHYSICS WORKSHOP

September 21+

Backward angle Physics workshop: Sep 21st-23rd, 2020

529020 » Jefferson Lab JLab event Page: https://www.jlab.org/conference/BACKANGLE

-

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

We are pleased to announce that the First Backward-Angle
(u-channel) Physics Workshop will be held September 21-23 e The workshop have representatives from all four halls, from JLab 6, 12

at Jefferson Lab, Newport News, VA. GeV, PANDA and EIC
T@ERICS £ e u-channel electroproduction (Hall A, B, C) examples at 12 GeV
- Offer 3 platform to connect scattered experiment  [ERANGE e u-channel photoproduction (Hall B, D) examples at 12 GeV

and theory efforts together, thus, potentially o s .
forming small backward-angle physics working o s i [ Theory perS peCtlve.

groups

L o Meson-Nucleon Transition Distribution Amplitude
B ererat e ot s o Photon-nucleon together with meson-nucleon TDAs
TR & o  Skewed Parton Distribution
* Inspire future backward-angle physics data mining ' o U'Channel Regge ApproaCh
G i the e 2 o T e Future perspective of u-channel physics
CR—— o u-channel z° production at EIC
RS ' Sclentinc progian = o  Studying TDA with pp — e+e-=° at the PANDA Experiment

e A summary white paper is planned: outlining the JLab 12 GeV to EIC

www.jlab.org/indico/event/375/ u-channel physics strategy

19
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Backup Slides
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Error Budget

Correction Uncorrelated ¢ Uncorrelated Correlated
(Pt-to-Pt) u Correlated (scale)

(%) (%) (%)

SHMS+HMS Tracking 0.6 1.2

SHMS+HMS Triggers 0.1

SHMS/HMS Detectors 0.2

Target Thickness 0.2 0.8

CPU Live Time 0.2

Electronic Live Time 0.2

Coincidence Blocking 0.2

Beam charge 0.5 0.5

PID 0.2

Acceptance 0.6 0.6 1.0

Proton Interaction 1.0

Radiative Corrections 0.3 1:5

Kinematics Offset 0.4 1.0

Model Dependence 0.7

7" Total 1.0 1.4 2.5

F.-2-w Total 2.9 1.9 2.7

Correlated (scale) cross
section is comparable to
the F-7-2-w analysis
Uncorrelated (pt-to-pt) is
much smaller since
"H(e,e’p)n’ is a ‘clean’
channel

21



lterative Procedure for L/T Separation

Improve ¢ coverage by taking data at
multiple HMS angles, -3°<6, <+3-.

GM:O -u=0.0

3 u bins

8 phi bins

Normalized Yield
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‘i - Unseparated X—section
..£ Separated X-secfion = “‘Li_ﬁj’”
S @I T
3 E S r
‘éo.zs;— 20.25
‘ , Extract L,T,LT,TT via simultaneous fit
—u[GeVT] d26

do, do, do do
£ + +4/2¢ele+1) —Ecosp+ e— L cos2
dt dt ( ) dt ¢ dt ¢

0.04f-

y2ldof: 1.20

Normalized Yield

R U U P I P PN I
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Y. —Y

Exp P sim

—Y

Xspace sim

R =
@ sim

Combine ratios for settings together,
propagating errors accordingly.

d’oc
dtd e gc

i

Empirical Model

d’c

dtd @ .y,
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JLab 12 GeV to EIC Transition: u-channel z° production

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

s = 10 GeV?, n° u-Channel Production
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Same TDAs for PANDA and EIC, the ultimate
universality check

-5 0 5 10
Q% (GeV)

23



