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Outline

e Introducing the backward angle physics:
o Summary on past studies
o Theory perspective

e E12-20-007:
o Experimental objectives
o Experimental configuration requirements

e Synergy of E12-20-007 to other programs

e Future outlook



Hadronic Model: Transition (Evolution) of Proton

e Physical parameters:
o Inx, W(ors), Q> t u
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t-Channel & * vs u-Channel 7 ° Production
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Fn-2 charged & form factor experiment (E01-004)

m Standard HMS and SOS (e) configuration
Primary reaction for Fpi-2

m t-channel & * production: 'H(e, e’z *)n
If one were to study % during the 6 GeV era

m u-channel 7 ¢ production: 'H(e,e’p)x ?
Nature give us u-channel : 'H(e,e’p)w, instead
Kinematics coverage

s W=221GeV, @*=1.6 and 2.45 GeV? °



GPD, SPD and TDA (Hard Structure)

' ' R TDA ( or
Super SPD) (-
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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



Validation of TDA Factorization Scheme
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Two qualitative predictions from TDA:
> o o0.>0,0~0
o ~1/QS scallng behavior <&

Three phases of validating TDA with JLab 12 GeV meson electroproduction :
e Stage 0: find u-channel peaks for all mesons (12 GeV). This experiment.
e Stage 1: test TDA predictions (12 GeV). This experiment.
e Stage 2: extractions of TDAs



E12-20-007 Backward-angle 'H(e,e’p)=°
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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: 0 <-u +0.5<0.5 GeV?
e Additional W scaling check @ Q%= 2 GeV?
e Additional Q? scaling check @ Q? = 6.25 GeV?



Objective 1: Backward-angle Peaks

Objective 1: Demonstrating the existence of the
u-channel peaks for H(e,e’p)x°

E12-13-010 NPS Experiment <
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Objective 2: u-dependence

e Q*=2.00GeV?
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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:

o=Ae 'l  —\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.) 10



Objective 3: TDA Prediction #1 o.->0,

Projected T/L ratio vs Q? (this proposal) 1 gF
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L/T Separated Cross section L/T ratio vs Q? (6 GeV F_-2 experiment for @)

e TDA predicts a.> g,.
e Experimental crlterla for concluding o, dominance:o, /0, increases as a function of Q?
and reaches o /o, > 10 at Q= 5 GeV2



Objective 4: TDA Prediction #2, o
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Requirements

e PAC has approved 29 days of beam (requested 29.4 days)

e Beam request: standard beam tune during the time of running e’
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




PAC 48 Result on E12-20-007

e PAC decision:

o Experiment fully approved for 29 PAC days with B rating
o Projected beam time: 48 days

e PAC comments:

o The exploration of backward pion electroproduction is feasible, and JLab is an ideal venue at
which to perform it.

e Issues:
o  Minimum achievable SHMS (5.5 degrees) and HMS (10.5 degrees) angles
o  Conflictive theory in TAC recommendations from 2018 and 2020.

e We are very pleased with the outcome:
o Approval of E12-20-007 (first dedicated u-channel study) symbolizes u-channel
measurement as a concept are accepted within the community despite weakness in
theory.

14



u-channel Process Workshop held in September 2020

Forward Backward
SINGAWATPDYNNCIH=m © Workshop participation:

o 20 contributed talks, 2 discussion sessions.
<U CHANN EL) O  Number of individual Participants throughout:

PHYSICS WORKSHOP 51

September 21.#:22; 2020 -+ Jefferson Lab

A
e 4 ‘v 3 . . . Q2 § 2
CVAS SR o Objectives: s
. v
We are pleased to announce that the First Backward-Angle O COI"I neCt Scattered eXperIment and theory
(u-channel) Physics Workshop will be held September 21-22 eﬁ_-orts
at Jefferson Lab, Newport News, VA.
TOPICS , o Discussions on systematic backward-angle
i o ' physics research program.
& rer a platrorm to connect scatte rimen ] . .
and theory efforts together, thus, potential R o Inspire future backward-angle physics
forming small backward-angle phy: ing L .
JreLbs studies.

iscussions on the implications the
nd probe'the physics Y
pny: i d(’
kward-angle'hysics O

e A workshop whitepaper summarized
scaed s nco the workshop outcome is under
* Discuss the feasibility of including backward-angle ‘7 i pre pa ration

forward backward

physics in the EIC scientific program.

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

0 6 (CM) 157
Jefferson Lab Image credit to Christian Weiss



More u-channel studies from other Hall C Experiments

HGC NPE
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Prospect of u-channel n° at s=10 GeV?

s = 10 GeV?, n® u-Channel Production
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* e EIC
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o A new measurement
- at Hall C?
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PANDA

O

proton anti-proton annihilation

JLab 12 GeV: E12-20-007

O

Future Electron-ion Collider (EIC)

O
O

"H(e,e’p)~°, a simple measurement

e-p collision: e+tp—e+p+z®

L/T separation not required if e.>>@, is

demonstrated by E12-20-007

Real photon

O
(©]

no u-channel data available
See next slide

Wenliang Li, Dept. of Physics, William and Mary, Williamsburg, VA 23185, USA.
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7° Production Measurement via Real Photon

L.M. Laget, Progress in Particle and Nuclear Physics 111 (2020) 103737
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BNL-EIC Project

e Next generation Electron-lon Collider (EIC)
o  Current consists of 1 interaction region (IR)

Electron

Inje_ction .
" omeney o Luminosity with 100 GeV p on 5 GeV e: 10 x10** cm2s™
Electron
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Ring Electron
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Ring

-
Polarized
Electron
Source

Possible
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Location
Electrons

— — — — g
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Locotio

Electron
Injector (RCS)

e Project information:
/ o CD-0 approved ~ $2 B
Electrons o Completion in ~10-15 years
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(Polarized) 1 SRHIC (ulimate capabilty) o
lon Source H Jab o
egion :
— JLab BNL o
7 1o VLS, SRHIC (after improvements) g
b &
3 . 2
it iggs

ey =4
B s Z
£ 1o i aceapiance saimhor L 2
] LHeC E
HIAF CERN b=
EIC COMPASS o |

sl Update-to-date
e oo . luminosity vs Energy
HERMES H1/ZEUS 01 1 1 1 1 1 1 1
10 5 . T 0 20 40 60 80 100 120 140 160

Center-of-Mass Energy [GeV]

Wenliang Li, Dept. of Physics, William and Mary, Willig...coui g, vivcvrov, v center of Mass Enerey [GeY.



U-channel Meson Production Setup? —mgw:

U
° No issue with detectio
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_Interaction picture

e’ (P, =5.31GeV)

0 =
7= -1739, 152 deg 7 (P_, = 56.3 GeV)
-~ | 1 = 4.38, 25 mrad= 1.43 deg
ik - R N >
E ] : - — i
Proton beam incidence angle = 25 :

electron
P’ (Pp, =43.4 GeV)
7 = 4.13, 1.84 degrees

100 GeV
Proton

Solenoid
Low-Q2 tagger

\N\\IPtoZDC: 32m

~
~

Large aperture, low gradient ion quads =~ ~

20 Tm dipole

Beamline separation of X
1 m for tracking detectors e \

e .
Wenliang Li, Dept. ot Physics, William and Mary, Williamsburg, VA 23185, USA. E 21



Visualizing u-channel z°

Incoming proton perspective Incidence electron perspective

Central
Detector

Zero Degree
calorimeter

Wenliang Li, Dept. of PHysics, William and Mary, Williamsburg, VA 23185, USA.
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Realistic ZDC Acceptance (through magnets Aperture)

Double Photon Efficiency (%)

30 14(

- Two 7 hit distribution on ZDC
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7° momentum vector
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Physics background (to our current best knowledge)

e Double photon case: .
: . , 2 vy hit pattern :
o  Primary reaction: e+p->e’+p’ + 2° e
o Ideallexpected trigger: e’+p’+ 2 v 40 GeV/c n° °*
o Physics bgckgroqnd. norje 4.5 mrad acceptance o
o Less than ideal trigger: e’'+2 vy S
o Background: A->n+x° B ST
e Single photon case:
o  Primary reaction: e+p-> e’+p’ + " 2 v hit pattern - -
o |deal expected trigger: e’+p'+ vy oL 250
- . 0 60 GeV/c ° : o
o Physics background: DVCS, eta, A->n+x rd -
o Less than ideal trigger: e’+y 4.5 mrad acceptance n 100
o Background: many many possibility B

=30 -20 -10 0 10 20 30

e \WVe can use the double photon event to normalize the single photon events
24



Summary

or > oy, 1/Q?® Scaling

T SO O s O
. . . + =" |, Confi d!
e PR12-20-007 is the first dedicated i Y By CLASS
u-channel study (symbolic meaning) KO 7
Ki
e There is a possibility of systematic g v d
u-channel studies in Hall C N 771 p Parasitic
- - | wanc
o 1 Study
e Preliminary study shown u-channel =° @CS |Z ZI
exclusive production progress naturally
. Confirmed! By
into the EIC era. Hall C 6 GeV w
In the very early
planning stage

E12-20-007 .,



Thank you for your attention!

| think this guy
is “right” !

lllustration: Hans Mgller, mollers.dk

Forward > Backward
angle -t evolution angle 26




Backups
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Realistic ZDC Acceptance (through magnets Aperture)

w— 300¢ = _ | i hi
E 7DC 5.5mrad (17.6 cm) 1600:— Ph(_)ton 2 separation from | 5?::5 13%’21
'S 4 oL - pi0 momentum vector I SidDev  17.66
§ 500 - I
© 1200[— I
g 100 - ; Photon 1 and
> so0 10001 Photon 1 | 2 separation
soo[-separation from pi0 l
- | .
S - sonl- momentum vector Projected ZDC
B boundary
1000 400— :
~200 B I
4.5mrad (14 cm) 0
%% q
- - = = -100 -80 -60 -40 40 . 60 8_0 100
DVCS simulation with deuterium, spectating 40 GeV/c 7° | Distance in cm

neutron distribution on ZDC, from Alex .Actual ZDC acceptance

(Due to magnet aperture)

A slight shift in -u’ will give us larger coverage.
7° momentum vector
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_Prospect of u-channel n° Study at s=10 GeV?

do/dq? (fb/GeV?)

250

200

150

100

50

s = 10 GeV?, n® u-Channel Production

PANDA

+}_7—>e++e_+7[0

*

IIIl|IIIl|IIII|IIII|IIIs.glll

i :

o PANDA
m JLab 12 GeV
e EIC

—— - —— -

o0 0008
Real
%é point EIC
(Q%= 0) e+tp—etp+a’
L Loy P T TR NI
-10 -5 0 5 10
Q2 (GeV) Y
E12-20-007
'H(e,e’p)n’

5 GeV electron
100 GeV proton

PANDA

O proton anti-proton annihilation

©)

JLab 12 GeV: E12-20-007

"H(e,e’p)n?, a simple measurement

@)

Future Electron-ion Collider (EIC)

e-p collision: etp—e+p+s’

O
O

S. Diehl’s talk

L/T separation not required if e.>>0,, is

demonstrated by E12-20-007

Real photon

O
O

no u-channel data available

See next slide

Wenliang Li, Dept. of Physics, William and Mary, Williamsburg, VA 23185, USA.
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7° Production Measurement via Real Photon

IL.M. Laget, Progress in Particle and Nuclear Physics 111 (2020) 103737 ¢ p(y, no)p study as function of -t, s~10
|||||||||||||||||||||IIIllllllllllllllllllll Gevz
p(7,7°)p o Open circles: DESY data

o Open squares: 6 GeV CLAS data
o Full circles: SLAC data

i
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e Slide line = baryon pole + rescattering
unitarity cuts Py .
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e a u-channel peak is anticipated real
photon
o No measurement available yet
o Open question: would the y* extrapolate to the
real photon point?
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Wenliang Li, Dept. of Physics, William and Mary, Williamsburg, VA 23185, USA. 30




_EIC Central Detector Update-to-date Concept

[Cherervo] (e I o) S [ [ [ e (o | I [ 70 Hadron End Cap
090 e 1 >1(~45 Degrees)

| e HCal + EmCal
e RICH
e Tracking

Electron End Cap
e 1< -1
e HCal+EmCal
[ J
[ J

Tracking
Cherenkov PID

Barrel Calorimeter
o -1I< n < 1
e Not needed for the u-channel
e Used as veto

T
Backward 05 05 Forward

; 1 Detector stack are

wa A enclosed in a 3T field
20 %26, x\o{;@‘? 20 . .
504030 I Sl 0 o s, solenoid Zero-degree Calorimeter (not
electrons hadrons
—= S shown)
e Expecting neutral particles

Wenliang Li, Dept. of Physics, William and Mary, Williamsburg, VA 23185, USA. 31



Particle Identification

: R Kaon LT experiment
HMS as e arm (most settings) | ¢4 K* g preal coincidence
e Standard e PID, HGC < 1 atm various pressure Tl
e Aerogel: n=1.0011 tray for proton ID (for electron detection @{
setting) s TR
_ sep—e’+nta’
SHMS as proton arm (most settings) vasrep—e+A+K* +p e DX
e NGC installation (for electron detection setting) 02| _
e HGC: 1 atm vetoing = and K ,-No acceptance or PID cuts applied,
e Aerogel: n=1.0003 tray for proton ID (threshold cut at 3 p.e.) Missing mass 2
.. .. §1°2 . . [
SHMS g vs Coincidence timing structure: % 1o Rgs‘g'sng;’ B S
e Coincidence timing is the primary method for the proton 1 A
il ! Rejecting 2z
Primary Physics Background Y | phasespace
e DVCS is a small contribution wigDVCS f| e, ™
:; ‘ LW : : . DVCS+BH
5 P || I\ \II...I...I...

Mm? GeV?



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
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Beam Time Estimation

Q* |14 ¢  Fpeam [Pass] Physics Rate Background Rate PAC Time PAC Time ) ) )
(GeV?) (GeV) (GeV) (per Hour) (per Hour) (Hours)  (Days) o Alllisted time includes 10%
2.0 211 052 442 140 0.01 33 14 dummy target data taking
094 109][5] 500 0.05 10 0.4
2.0 3.00 032  6.6[3] 14 <0.01 66 2.8 e Heep study is included
0.79 10.9[5] 73 <0.01 27 11
0.86 10.9[5] 140 0.01 27 1.1 . _
4.0 283 056 8.8 (4] 40 <0.01 60 25 momentum setting (P,,s=5
073 10.9 [5] 30 <001 40 17 GeV) planned to check for the
5.0 331 026 8.8[4] 4 <0.01 132 55 saturation effect
0.55 10.9[5] 11 <0.01 47 2.0
6.25 346 036 109]5] 2.63 <0.01 88 3.7
Subtotal 590 24.6
'H(e, €'p) 28 1.2
Epeam change 52 2.2
Optics study 4 0.2 -
Eg.om Polar. 32. 1.3
Total Time 706 294
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Validation of TDA Factorization Scheme

1.8F m olo ESOL CLASGJt -
1.6:_ L T bE = A, o
1_4}\ ; 60
: —  — 1/Q°%% :
o 1.2r ;40
— - \ b
g 0
F ‘ ] v
0.8F .m
)
S5 oo LY N
I ::‘:t:j?:-:-:V:-:‘-..r”""h-“‘“‘--.,_'___:_:---:\V:-L:Y’hh_-‘\
0'4:_ e ——
02:_ ‘ ~ h % =
= l B T R B
141516172181922212223 Fhoevt
@?[GeV]

Two qualitative predictions from TDA:
e 0,~1/Q® scaling behavior
e 0,>0,,0,~0

Three phases of validating TDA with JLab 12 GeV meson
electroproduction :
e Stage 0: find u-channel peaks for all mesons (12 GeV)
e Stage 1: test TDA predictions (12 GeV)
e Stage 2: extractions of TDAs

or > oy, 1/Q?® Scaling
T O O___
ot T T T ::::ff:::;Confirmed!
- o TT===== By CLAS 6
K? 7’
Ki
n v v
p
rpT T 77! v
/A e v
o) v v
VCS 1A A |
Confirmed! By
Hall C 6 GeV w
Early planning stage

This proposal

1. parasitic data may be available 35



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
T

T VR T A [ S
065 07 075 08 08 09 095 1 105
M, [GeV]

‘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
065 07 075 08 08 09 095 1 10
M, GeV]

m

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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a° Measurement Kinematics

Q* W a2 EBeam € Ouvs  Pavs  fOsuvs Psuws Opq —t
(GeV?) (GeV) (GeV) (deg) (GeV/c) (deg) (GeVic) (deg) (GeV?)
2.0 211 036 44 0.52* 13.71* 3.51* -—-32.60* —1.44* -3.0,0,+3.0 5.05*

10.9* 0.94* 21.54* 3.51* —-8.72* —-7.94* -3.0,0,+3.0 5.05*
2.0 3.00 020 6.60 0.32 29.01 -—1.21 —6.03 5.90 -3.0,0 9.45
1090 0.79 1047 -551 —10.34 590 —2.84,0,+3.0 945
3.0 249 036 660 0.54 2650 -—-2.17 -—11.70 5.00 -3.0,0,+3.0 7.79
1090 0.86 11.80 —437 —16.20 5.00 -3.0,0,+3.0 7.79
4.0 283 036 880 0.56 2289 —-2.89 —10.35 6.50 —-3.0,0, +3.0 10.56
1090 0.73 1559 —499 —12.39 6.50 -3.0,0, +3.0 10.56
5.0 3.13 036 880 0.26 3736 —138 —6.23 8.00 -3.0,0 13.37
1090 0.55 2090 —-348 —9.24 8.00 -3.0,0, +3.0 13.37
6.25 346 036 1090 0.27 3418 —-1.66 —5.59 9.84 0 16.78

W(GeV)

35

ot I
3] [ o w

"IITIIIIIIIYIIllllIII

—

TTTT

T

Q?=2GeV?

[Q° =2 GeV?, W Scaling "~ \
-y o \ 0 = 6.25 GeV?

Q% =5 GeV?

Q% =4 GeV?

Q2 = 3 GeV?
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"H(e, e’p) Elastic Kinematics

Ebeam Q> 6! Pl 6, Dii Coincidence Rate  Time
(GeV) (GeV?) (deg) (GeV) (deg) (GeV) (Hz) (Hours)
4.4 234% 23.70% 3.15% 39.95F 1.97t 371 1
4.4* 2.68% 2515 297 3112 217 251

6.6t 4187 21.95% 437t 32.69t 3.03" 30 1
6.6t 3.00t 17.35% 5.00% 39.21%* 2367 170 1
6.6* 3008 1735 500 3921* 236° 323 1
6.6" 1.32* 1.55* 5.90* 5343* 1.345* 4500 1
8.8* 1.61% 870 794* 51.71* 1.53* 3772 1
8.8* 432 15.80* 650 3477 3.10* 0.8 4
10.9*  1.99* 7.80*  9.84* 4930 1.76* 167 1
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JLab 12 GeV to EIC Transition: u-channel z° production

TDA @ PANDA

7*(a)

p(p1)

p(p2) A 70 (ks)

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

s = 10 GeV?, n° u-Channel Production

250

200

g? scaling

o PANDA
m JLab 12 GeV
e EIC

150

100

do/dq? (fb/GeV?)

50

ll||IIII||IIIIIIIIIIIII|IIII

=
PAC 48 proposal

{) o0 000

Q? scaling

S E ] Y R [ RS LRSS (G T (LS 1 (| ! SR I S (I (A

/_50 .

Same TDAs for PANDA and EIC, the ultimate
universality check

-5 0 5 10
Q% (GeV)
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Backward-angle structure of Atom

A

Forward scattered

. A Alpha particle
alpha particle §< |
T — g //f
|"‘ X > \ 7
C‘ } > /Alpha péticles
Nucleus RecPiIing alpha
Gold atom particle

e Forward scattered alpha particle: extracting the interaction
radius of the 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.
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Structure of Proton

t-Channel
Forward

u-Channel
Backward

Forward
fragments»< Electron
. = :
Parton Backward
Proton fragments

I —_— — — —_— | |
R

R
g w;‘%k‘ g-&w P -;g]n
B o =
Lol <
> . §,§~ e Baryon pole contribution
Meson pole contribution N N -
4 - = 7= Transition:

S Leses | Soft structure—Hard structure—Soft structure

do/dt pharns/GeV*
/

> "“b.x\ RBP4

i N Y

* FE=7i56ev N7aET M. Guidal, J.-M. Laget, and M. Vanderhaeghen. 41
0L i n 1 L s Physics Letters B400(1): 6 — 11, 1997.

-tin (GeV/c)®



t-Channel 17 vs u-Channel w° Production

g %

& m -5 e S

jii  §E 3 w ~. ’
=5, 25 © ™ e
is 288 D >

S

¥}

TT+

S
{wrm uoig)
JaEwegoely
wnuawop yBiH
SWH

furs unpe)
Jmawnpedg
YOE Houg
SO8
-~
®
u

{uus uoig)
JBjawooeEly
wnuswop yBIH

Fpi-2 (E01-004) 2003
m Spokesperson: Garth Huber, Henk Blok
m Standard HMS and SOS (e) configuration

m Electric form factor of charged mr through
exclusive T production

Primary reaction for Fpi-2
m  p(e e’m)n

In addition, we have for free
m  p(ee’p)w

Kinematics coverage

s W=2.21GeV, Q*=1.6 and 2.45 GeV?
m Two € settings for each Q?

LT Separation!
42



Backward Angle w Electroproduction from 6 GeV Era
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Backward Angle w Electroproduction from 6 GeV Era

o, o7 [ub/GeV?]

0.

o o

N

o © ©
T

6

(6]

N W
_—e o e o o = =

o

| 1
141516171819221222 1415161718192212223|
Q? [GeV?] Q% [GeV?
“u=-u.., | “u=-u |

e Key observation:

Ly +p » p+w, W =248 GeV, @° = 1.75 GeV?

\ Q%=1.75 GeV

7

K4

by +p > p+w, W=2.47 GeV, Q° = 2.35 GeV?

4 Q%=2.35GeV?
R ,

I ¢ }% Y
N%) 107 \ 3 \ f*
(O] E 7 F N
g \ / \ ¥
Js // N //
5 N
— JML18 \\
10 JML e 3 \ /
- 04 e E
- e/
® CLAS 2 .
X Fpi-2 (Scaled) %% N
== TDA COZ “’
10—3_TDAKS | NI v b b b B B |
0 1 2 3 4 5 ) 1 2 3 4 5 6
-t [GeV?]

Phys. Rev. Lett. 123 (2019) 182501

o @, dropped significantly as question of @2, as a result: o, > 0, observed at Q?~2.35 GeV?
o Sharp u-channel w Electroproduction peaks are observed at both 1.75 and 2.35 GeV?

o Forward-backward ratio is 10:1!

44



The Regge Approach (Soft structure)

10

'
w

TS
o
o TTTTT T

P(y,®)p

T T I T T T [ T T T
Q% =0 GeV?
W = 2.48 GeV
SLAC

| LERELRRLLL

T

——————

ol Ll
T 111

1 T T I T T T I T T T I
Q% =0.84 GeV?
W =2.30 GeV

DESY

|

!

|

Q% =1.75 GeV?
W = 2.476 GeV
JLab

Meson po\lé"'l'

Meson pole+pomeron{

Q% =2.35 GeV?
W =2.472 GeV
JLab

| !

2 4

Unitarity cut in u-channel Images credit to J-M. Laget

Nucleon pole
Exchange diagram

y
Additional p re-scattering
within nucleon diagrams
P
e Regge Study by J-M. Laget in 2018
o Key findings:
o Nucleon pole contribution along could not explain the sharply rising slope at
t=-t
o  p re-scattering within nucleon diagrams is required
o  Work is in progress. L/T separation study was not attempted.
e Another Regge effort from Be-Geel Yu is also work in progress.

Attempting the L/T separation prediction. 45



GPD, SPD and TDA (Hard structure)

Q@  TDA(or
Super SPD)

//I,

q -
B=W"

q P

q

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 46



Validation of TDA or u-Channel Factorization Scheme

1.8F & =
o s oo fw | CLASEZ e .
.6 = A 0, o
E & 2 A, o
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14151617;81922212223 T T SN N - Ry B
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or > oy, 1/Q?® Scaling

Two qualitative predictions from TDA:
e ¢,~1/Q° scaling behavior
® 0,.>0,0~ 0

Three phases of validating TDA with JLab 12 GeV meson
electroproduction :
e Stage 0: find u-channel peaks for all mesons (12 GeV)
e Stage 1: test TDA predictions (12 GeV)
e Stage 2: extractions of TDAs

A o .. O !
at :_ ~ V7 " L,Confirmed!
o TT==== By CLAS 6
K° 7"
Ki
n v v
A
T //: v
n v v
) v v
VCS [A Al
Confirmed! By
Hall C 6 GeV w
In the very planning stage

Y
Upcoming PAC 48 proposal

47
Others: parasitic data may be available



Progress Report on PAC 48 Proposal: Backward-angle z°

W(GeV)

35—
[Q? = 2 GeV?, W Scaling

- ) -‘ \ Q? = 6.25 GeV?

Q% =5 GeV?

- Q*=4GeV?

Missing mass 2

m'«w
f Ir‘?t

P S N

T
. DVCS+BH

M I
0.08 0.1
Mm’ GeV?

P
0.02 0.04 0.06

First dedicated u-channel electroproduction study

above the resonance region: "H(e,e’p)x®
e (Q?coverage: 2.0 < Q?<6.25 GeV?*
o x=0.36
e wucoverage: 0 <-u' < 0.5 GeV?

Submitted to PAC 48!

Objective:

e Study soft-hard transition

e Validating TDA

48



Progress Report on u-channel z° @ EIC

32 m from IR

—
7

ZDC

Proton

electron

6 <5.5 mrad About4.0mradate ~m
Roman Pots 0.0< 0 <5.0mrad Need 100 cut.
Off-Momentum Detectors 0.0< 0 <5.0mrad Roughly .4<x, <.6

BO Sensors 5.5< 6 < 20.0 mrad Still need to optimize.

6> W axp  Oo Ner P. Oy My By B0 ngo | Pro —t —u

(GeV?) (GeV) (deg) (GeV) (deg) (GeV) (deg) (GeV) [(GeV?) |(GeV?) U'=0 GeV

6.2 3.19 152 -1.39 531 -1.84 4.13 4340 143 4.38| 5629 | 14.84 | -0.37

7.0 3.19 150 -1.32 535 -1.92 4.09 4550 143 4.38| 54.12 | 16.19 | -0.39

8.2 3.19 148 -1.24 540 -1.85 4.12 49.74 143 4.38| 49.84 | 16.80 | -0.42

9.3 3.19 146 -1.19 546 -1.92 4.09 5190 143 438 47.60 | 18.19 | -0.44

10.5 3.19 144 -1.12 552 -1.94 4.07 5496 143 4.38| 44.50 | 19.32 | -0.47 49




Progress Report on u-channel z° @ EIC

1600

1400

1200

1000

800—

600

400

= double_photon_efficiency

— Photon 2 separation Fs 1001 g T e Preliminary conclusion:
L from pi0 momentum StdDev 1766 g 00— « 5.0 mrad e u-channel z° at EIC with
E vector Photon 1 § — . . .
- and 2 5 P Q2= 6 GeV? © 5.5 mrad current design is a feasible
- Phc;fon : separation £ Q%210 GeV? measurement
rseparation rrom % F - J ° I I X I’i r
- pi0 momentum Projected ZDC 3 o V00009928 C’iea’ e pecjted trigger:
- vectoi Iboundary 40:_ l s OOS????EES:::::'...- e+p+2'y, |SveryC|ean
- Fofagi gt with very little background,
3 AL with reduced efficiency
L 0 % = < di)sta?;ce ?on c;‘:;) 0_1 I 4[5 TR 510 L 5|5 L 610 L1 615 L1 I7|0 - ([ ] Next step: process to full
i momentum vector Momentum (GeV) eant4 simulation
20— 30- g
wE T g : :
- . 201~ The EIC fellowship award will
18 " F .
- [ * 10l help completing the YR and
17— * C
ofQ2=10 GeV2  * . i feasibility studies
15:— *r * E
- * % -10—
1 [ e E ZDC 2 vy hit pattern
C X% -201—~
foi Q2= 6 GeV? S : @ 40 GeV/c x°
R g e e e %0 4.5 mrad acceptance 50

Momentum (GeV)



A Lesson from the Past

G. Laveissiére et al. Phys. Rev. C 79, 015201| 5 F. W. Brasse et. al. Z Phys C22 (1984) 33 M. Da':"(“ ;’t al. Phys. Rev. C 80, 015205 (2008)
(2008 - ' g (@ B
: - W<2GeV W L H(e, e ') X| | 2
C O (a) 2000 - resonance , - 20
RS ° | region studies > ]g
S 1500 L o b 5” i .
> f T PE' 0.1 92 ;éo.\s};] 04 05
Y - ] % e
S 50 | 1000 | ; Hall C E01-002
Ha" A VCS E93-050 <o _ h‘“"”]_n‘_\qb'r““ _ P. :Ir::(:rozwiczPhys. Rev. C 70, 035203 (2004)
: L‘L : g 10000 'H(e,e‘p)x
Hall C VCS: E12-15-001 o & el 2% o 3 : ] 3™
-0.2 0.4 0.6 b fa] 9 6000
i, [ev?] - )
U'Channel meson spectral at DESY 07 0.5 06 0.7 Ufss' ;;Mcssr(cev)
spectrometer experiment from 1984 Hall C E91-016

m Now is the time to resurrect u-channel meson productions at 12 GeV kinematics
and future EIC.

m Goal of our activity: to inspire a wave of backward-angle physics measurements



6 GeV Bac<ward Angle PhyS|cs at W > 2 GeV

2500
. . 1 ( )
Charged Pion Production . W > 2 GeV H e, 6 p X Hall C experiment E001-004
2000 Data
frorr/vI 2C4L<CAV>80618 ~2.23 (GeV) }:- resonance j 08 -
(e =0-0.5 (GeV?) ¢',=60 (deg | - - 4
L ) 1500 | regionstudies ]
’ x=0.9386 Tt pE '+
1000 ]
m;fil:z oo M""—'ln\\qb’r_n _E , 06 07 0,75 Oy 003
o i %) ) [ ] H(e, e’p)X
1 . L o o i
H(e, e'm’)X g 5 T . Parasitic data

e Q?Scaling

g.
mi [Ge‘l2]

e Full L/T separation

m Backward angle physics in this talk: backward angle physics above the resonance

region (W>2 GeV?)

m U->u ., t>Q?

min’

m A systematic backward angle physics program:
m JLab6 ->JLab 12 ->EIC
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Backward-angle structure of Proton

Meson-nucleon Transition Distribution AmplitudeA(TDA)

v 24
electron >\( .

e Complete description of Nucleon
o GPD = Hadron tomography of the proton
o TDA =tomography of partonic distributions in the nucleon
--> meson and vice versa transitions probed in the backward
angle kinematics

Cg‘;[ub/ejvz]
P4
N
AN
N
™

F /
— JML18 \~.<

e Backward-angle cross section is not 0! L "
o backward angle cross section is 1/10 of the forward angle S seaten) E
cross section at observed Q° "m TR oz
o —— TPAK IR I N

0 1 2 3 4 5 ¢ 53



Impact to the efficiency

Peak for two photon separation (cm)

double_photon_efficiency

60: B 3 L = 4.5mrad
C 7® Momentum vs Theta (IL=10fb ) * 100~ & Edimead .
90 C Q=6 Gev?  |Lossmed | © Double photon efficiency for
40F N the nominal #° event is larger
o 30- 50 GeV pion _[@*=10 GeV? j than 20%
200 - l co2stitalianaen®tt e Detector (magnetic aperture)
10 I L L constrains:
0: el 1 ————— E Line in the sand @) Fleng center of the
= - BoE 8 S - T S T neutral particle at ZDC
Momentum (GeV) Momentum (GeV) ) p
ole ohoton ef o Ensuring largest
single_photon_e . .
= . possible symmetrical
E 2 L = 4.5 mrad
193_ ** g 100_— lllllllllllllllll'lll‘slomrad acceptance
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