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Talk Objective

e GPD vs TDA, and what we could obtain from the study

e JLab setup vs EIC

o Why EIC could perform this measurement
“naturally”

e Plan to complete the study



Gifted Backward-angle Observables

Fpi-2 (E01-004) 2003 2003 <— i o

o Spokesperson: Garth Huber, Henk Blok
o Standard HMS and SOS (e) configuration

o  Electric form factor of charged s through
exclusive s production
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o H(e, e’ m)n

In addition, the experiment fortuitously ...
received

o p(e’e' p)w 600
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Kinematics coverage
o W=2.21GeV, Q?=1.6 and 2.45 GeV?
o Two € settings for each Q?

200

1
0.8 1 1.2

L aln L
10 0.4 0.6

Coincidence time epX missing mass



t-Channel & * vs u-Channel o Production

« Primary reaction for Fpi-2
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Mark Strikman & Christian Weiss: A proton being knocked out of a i
proton process



Two Key Discoveries from Fpi-2 o Analysis

Discovery 1: Unexpected large u-Channel peak
Forward o electroproduction from CLAS 6 (2004)
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Discovery 2: 0,.>0,,0,~0
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Dave Mack’s opinion to

Probing the u-channel observables g the level of interest

a

e Is there a u-channel peak for other processes?
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o Answer: Yes Backward-angle Peak Seen? Big Mac Interest Index
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Generalized Parton Distribution

forward = small -t

Interaction with hard ! Q2 P B )
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o  Hard structure is calculable by perturbative methods I
o Framework uses Hard structure information to extrapolate to the Soft structure ° Y i
e Condition for Factorization Scheme: It e
o At sufficiently large momentum transfer ] Py
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o  Produced meson fragments scatter to extreme forward. i i
m Framework ignores the structure information from backward-angle interactions TR TR R
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e Question: missing the description for backward structure of proton?



GPD, SPD and TDA (Hard Structure)

GPD 4

or  TDA
(Backward)

Collinear

Hard structure factorization

Soft structure

b T *-._7| Developed by B. Pire, L.

By X. Jietal. t . Szymanowski and K
in 1997 Semenov-Tian-Shansky
in 2000

.. Description to the unseen side of proton
Complete description of Nucleon

e GPD: It is extracted predominantly based in the forward angle observables.

e TDA: meson-nucleon Transition Distribution Amplitude (TDA) only accessible through
backward (u-channel) meson production.



GPD vs TDA Fact sheet 1

Factorization: Q>—large, -t —small

Systematically study forward DVCS & DVMP

Formalism: four compact structures
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Factorization: Q>—large, -u—small (-t—large)

Systematically study backward DVCS & DVMP?

Formalism: experimentalist
linked to cross section (exa

friendly, directly
mple later)
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GPD vs TDA Fact sheet 2

|
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COI‘\S: Cons:
e lIgnores t-Channel o peak _ e Ignores u-Channel ¢ peak
e Nodirect access to GPD, intermediate e Require Empirical Nucleon Distribution
theory framework is needed, Compton Amplitude as input, example
Form Factor is required. o KS: King and Sachrajda nucleon wave
e /+1 ol t)( ) functions parameterization
; TP\ E—z—e €+J — e o COZ: Chernyak, Ogloblin and I. R. Zhitnitsky
£ /+11 il nucleon wave functions parameterization
_,_1” ¢ <£—.L—LE é-{-l—ze)
F—HE,F=HE& F=HEF=HE. "




TDA Meson Production Cross Section

n Unpolarized exclusive meson production cross section for n®:
A(s,m?, M?) 14805 Api
Q6 128 2s(s — M2?) ¢

)

First expansion is shown as an example
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Red dashed boxes: TDAs
Blue dashed boxes: Nucleon DAs
Green box: Transition Form Factor (extracted from the u-slope)

11
J. P. Lansberg, B. Pire, K. Semenov-Tian-Shansky, L. Szymananovski, Phys. Rev. D 85, 054021, 2011



u-Channel production is in its infant form

Backward

Forward o electroproduction from CLAS 6 (2004)
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E12-20-007: Backward-angle z° (PAC 48)
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First dedicated u-channel electroproduction study
above the resonance region: 'H(e,e’p)a’

e Q?coverage: 2.0 < Q?<6.25 GeV?*

e x=0.36

e wucoverage: 0 <-u <0.5 GeV?

Objective:
e Study soft-hard transition
e Validating TDA

My Previous talk:
https://indico.jlab.org/event/422/contributions/7649/attachments/6435/ 13

A dedicated large acceptance is needed at JLab 8535/2021_Jan_JLab_Hall_C_Collaboration_Meeting.pdf


https://indico.jlab.org/event/422/contributions/7649/attachments/6435/8535/2021_Jan_JLab_Hall_C_Collaboration_Meeting.pdf
https://indico.jlab.org/event/422/contributions/7649/attachments/6435/8535/2021_Jan_JLab_Hall_C_Collaboration_Meeting.pdf

u-Channel studies at EIC

7.4 Understanding Hadronization

There is great potential also in studying new particle production mechanisms such as
exclusive backward u-channel production. Given its high luminosity the EIC may be able
to discover fundamental QCD particle production processes with low cross sections such
as via hard (perturbative) C-odd three gluon exchange.

(((€

°>») EIC YELLOW REPORT

As postdoctoral fellow at JLab EIC Center:
developed Backward 7t Y program for EIC

o Offers synergy to other planned data set
o Feasibility studies included as part of the EIC
Yellow report (published last week)
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[ ]
u-Channel Meson Production Setup
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EIC and EicC Complementarity

—— Dead Zone —
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EIC and EICC should be designed to avoid common dead zone
overlap in phasespace. Studies needed

Angular dependence asymmetry study is possible (needed
to extract TDASs)
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ECCE vs ATHENA Beamline Components

Only major difference: ™~
e Full EM Calo for
ECCE :
e Preshower for
ATHENA

Roman Pots

BO Trackers + Calorimeter -

/ Blapf Dipole ZDC
B1lpf Dipole
Q2bpf quadrupole

/ /lef quadrupole

- Q1lapf quadrupole

' BOapf Dipole

BOpf Dipole




Enhanced acceptance and resolution with BO calorimeter

Two photon detection efficiency ZDC + B0 calorimeter .
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Enhanced acceptance and resolution with BO calorimeter

Double Photon Efficiency (%)
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u-Channel DVCS is a possible!
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Only u-Channel x° is possible

u-Channel DVCS is included in the ECCE proposal!
e BO calorimeter rejects pion background
e exclusivity

Calorimeter performance see presentation from Sasha Bylinkin:
https://jleic-docdb.jlab.org/cgi-bin/private/ShowDocument?docid=616




Resolution
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Work done by S. Bylinkin
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DVCS measurement requires (rejecting n°):

e Energy cuts: a®—vy(y), the detected y will give

e position cuts: complinarity of the n®—yy
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Question: How long would it take to measure u-channel DVCS?

A subset u-Channel DVCS
mechanism based on
JLab data

u-Channel Vector Meson
Dominance (VMD) Model

Transition distribution Amplitude
(TDA) Representation of DVCS
(B. Pire, L. Szymanowski, K.
Semenov-Tian-Shansky in 2002)

A illustration of a real photon emitted
in the u-Channel Kinematics through
Vector Meson Dominance Model
(VDM) (B. Pire, L. Szymanowski, K.
Semenov-Tian-Shansky in 2020)

12/13/2021 ECCE DPAP Panel Review 22



| -7 4 - pro, W=248GeV, Q°=175GeV* , | ' +p — p+o, W=2.47 GeV, Q° = 2.35 GeV? | !
! \ .l o data encourages
o E : ,|| searching for DVCS
! i \ i || through u-channel
I ¢ fa‘ I \ " VMD
1 ¢ * 7§
L g0 ARNES-
' g X \ // ; R\ / i
: = JML18 ".// \\ / i
v 10 = umLos Y e/ !
| ® clas BRER i |
' X Fpi-2 (Scaled) ) B =
i == TDACOZ JLab 6 GeV data on o electroproduction
H |~ TDAKS o
| s 1 2 3
Recent TDA-VMD prediction
r - T T T T s s 1
I yl‘pa v'p’; W2'=10 GeYZ,' Q2‘=3 GeV‘z; DA: C“OZ; Y p=y'p W=10 GeV2; 0?=8 GeV?; DA: COZ; I
! 10 fb', 102 y at :
I '%' 100 + “§ ' W2=1 0, ] I
<] o
I . | £ Q*=8GeVZu —’“M* |
0 qom' 10tyat | f\ :
I 20f W2=1 0, Z» I
I o -‘;‘Q’)‘HI:S Gevﬁ’ uﬂ‘»"_)U‘k/"n Oio.s o4 o2 ) 02 04
I u[GeV?] u [GeV?] I

Question: How long would it take to measure u-channel DVCS?

Fool B/ R ek Rk O e s o

>

(0, p, @) — ¥
Theory predicts a consercative
cross section estimate at JLab
kinematics and beyond at x
range of 0.1<x 0.3

Prediction by K.
Semenov-Tan-Shansky, B. Pire, Lech 23

[ « Py



Question: How long would it take to measure u-channel DVCS?

F W2=10,
- 3 <Q%<8 GeV?,

LU —=Uy,

JLab kinematics and extension (x ~
0.1 - 0.3): data driven model
conservatively predicts sub 5%
(statistical uncertainty) measurement
(1% @Q? = 3 GeV?) with 10 fb™'. (see
previous page for estimation)

Q? (GeV?)

EIC kinematics at x < 0.1: no data

R _ driven model prediction, exploring
U (GeV?) into unknown territory, 1/10 of the
Kinematics coverage for u-Channel x° t-Channel cross section is a
electroproduction. Coverage for the DVCS is similar. reasonable starting point.

z-axis represents the expected number of events with Alternatively, one could assume DVCS
10 fb™! integrated luminosity for x° where DVCS cross cross section is 102 smaller than the

section is expected to be 102 less. °

12/13/2021 ECCE DPAP Panel Review 24



BH is highly suppressed
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Bethe-Heitler suppressed in -t~-t,,
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Used the classic BH description

BH don't associate with the nucleon

structure

Highly suppressed in the u-channel

kinematics due to forward going

electron momentum
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Summary and next step forward

ECCE Diff &

T O . O___
et a0 Tagg WG Study
e Fine tune the generator e
K
e Complete DVCS and = full oty
simulation — 7 v " |
p .
___________________ ATHETA Exclusive
r 1
Y A Y -~ __1 WG Study
n v v
¢ v e
—{VCS A A |
o—n'mn’, where n’ is tagged

\ by ZDC (very challenging),
study by S. Klein, and others

Only Possibly with arXiv:2204.07915

full BO calorimeter
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https://arxiv.org/abs/2204.07915

