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Experimental DVES Program

QCD factorization of exclusive processes controversial
when first proposed nearly 30 years ago

e Basic principle: Meson size (and hadronic content of
real photon) parametrically squeezed by 1/(Q? + m?)

e \alidation observables
* Q2-dependence of cross sections
e Spin Density Matrix Elements (SDME)

» Light vector meson production, prediction do; > do in contrast to DIS

» Extract novel information about spatial distributions of quarks and gluons in
nucleon and nuclei — previously thought impossible
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Exclusive Vector-Meson Electroproduction

Introduction and Background

e Leading-twist factorization of do;

* Quark/Gluon Helicity conserving:

* [nucleon GPDs]@[meson DAS]
e SCHC: photon to meson

« Expect R = do;/do; Q* in Bjorken regime

» Factorization of do; and do; considered separately

» do; suppressed asymptotically, but enhanced by strong

chiral symmetry breaking effects in pseudo scalar DAs (and
also in light vector mesons) coupled to transversity GPDs
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HERA Spin Density Matrix Elements

A.Levy PLB 146 (2005) 92-101, arXiv:0501008
 Exclusive (¢, ¢’p) production
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* Longitudinally polarized virtual photons S 6 o R=a(Q2 /M)
tagged by observed helicity=0 state of p ”b .
! %
» Other SDME values consistent with s- 4
channel helicity conservation (SCHC). *
o 8 )
» Approach to do; dominance for light & L
vector mesons. /T |
O -7 L ' _
» Anticipating higher statistics at EIC 0 5 10 15 20 25 30 35
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HERA VECTOR MESON PRODUCTION

G.Wolf, https://arxiv.org/abs/0907.1217

. Meson ‘size’ ~ 1/4/ 0’ + M‘z,

 Meson size ~ point-like for
0° + M‘Z/ > 20 GeV?

* As parton distributions grow at low-x,
they also expand transversely by diffusion

C.Hyde

Slope parameter b represents convolution
of meson ‘size’ with intrinsic nucleon size

How will these ~asymptotic b-slopes evolve
with xg with higher statistics EIC data”?
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Exclusive Pseudo-Scalar Meson Production
JLab 6 GeV results

- Hall A Rosenbluth separated N(e, e’z")N cross sections show do; > do;

* M.Defurne et al, PRL 117 262001 (2016) ... proton
* M.Mazouz et al, PRL 118, 222002 (2017) ... neutron

» CLAS doj;on p(e, e'n"p) and p(e, e'np) also much larger than predictions of do; based
on GPD models

- |.Bedlinskiy et al, PRL 109, 112001 (2012), PRC 90, 025205 (2014)
- |.Bedlinskiy et al, PRC 95, 035202 (2017)

 S.Ahmad, G.Goldstein, S.Liuti, Phys. Rev. D 79, 054014 (2009): Pseudo-scalar DAs have
helicity flip contributions.

* Dynamical description in terms of Chiral Symmetry Breaking: S. Goloskokov and P.
Kroll, Eur. Phys. J. A47,112 (2011).
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5 Bins in

CLAS 12 Results R

Deep Exclusive pi0

. A.Kim et al, Phys.Lett.B 849 (2024) 138459 i
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5 Bins in

CLAS 12 Results R

Deep Exclusive pi0

. A.Kim et al, Phys.Lett.B 849 (2024) 138459
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JLab Hall A, 12 GeV
H(e, e'n")p: HRS ® 208 PbF2 Calorimeter

 M.Dlamini et al, PRL 127 (2021) 152301

e do=T [daT + edoy ++/2¢(1 + €)doy; cos ¢ + edory cos(2g) + h/2e(1 — €)dop; sin q§]
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FIG. 2. Structure functions dor (blue triangles), do; 7 (red squares), and do; 1 (green stars) for all kinematic setting as a function of
' =t — t. The dashed curves are calculations based on transversity GPDs of the nucleon [15]. The gray boxes surrounding the data

points show the systematic uncertainty.
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DVCS

CLAS12: H(e, ¢’'yp) Single Event Display

G .Christiaens, PhD Thesis, U.Glasgow Scotland, Feb. 2021: https://theses.gla.ac.uk/82288/

FD

Photon

(right).

Figure 4.1: Schematic of a typical DVCS event, visualized using the CED tool (CLAS12 event
display, see section 2.3.4). Lines (red squares for the FT) represent reconstructed particle tracks
and colored shapes represent hits 1n the detector. The electron 1s reconstructed in the forward
detector (left), the proton 1n the central detector (middle) and the photon in the forward tagger
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G.Christiaens et al,

PRL 130 (2023) 211902
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FIG. 3. CLAS12 phase space in
Q? vs. xp, showing the division
into 16 bins. The red line in-

dicates the approximate upper
reach of CLAS data at 6 GeV.
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CLAS 12

DVCS First Results |

Q? (GeV?)
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 G.Christiaens et al., PRL 130 (2023) 211902

* H(e, eyp)

Ll 1 1 Ll L ‘ 1 L Ll Ll l .
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Xg

« 2018 data at E=10.6 GeV and 2019 data at E=10.2 GeV
. 64 (07, xp, 1) bins, each with 10 to 33 ¢, bins: 1535 distinct A; ;; values

X

—

o
()

— All events
— 1Y events

—— mnevents

— After subtraction

o BSA

<
).

Q? ~2.0 GeV? Y

Xg =~ 0.14

t ~-0.17 GeV?

Q2 ~ 2.8 GeV?
Xg ~ 0.26

t ~-0.21 GeV?

@® data-10.6 GeV

ol O data-10.2 GeV
@ data-10.6 GeV - .= VGG

m = VGG
0.5 = =GK _0.5 = =GK
m 1| KM15 = I KM15
[ [ I [ [ I [ [ I [ [ I [ [ I [ [ [ [ I [ [ I [ [ I [ [ I [ [ I [ [
0 60 120 180 240 300 360 0 60 120 180 240 300 360

C.Hyde

¢ (deg)

12

¢ (deg)

40

<
0
0.5 Q® ~5.8 GeV?
Xg =~ 0.44
i ° . t ~-0.58 GeV?
\ .'I:‘ T
V4
oé H *@k
@® data-10.6 GeV
O data-10.2 GeV
m = VGG
-0.5~ = "CK
= 11 KM15
[ [ I [ [ I [ [ I [ [ I [ [ I [ [
0 60 120 180 240 300 360
¢ (deg)
CIPANP2025

Events



 A.Hobart et al., Phys.Rev.Lett. 133 (2024) 21, 211903

J Lab CLAS1 2 » D(e, e’'ny)p Beam Spin Asymmetry A, ;

DVCS First Results: Il
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FIG. 4. Beam-spin asymmetry for nDVCS versus ¢ for (top)
three bins in —¢ ([0, 0.3], [0.3, 0.5], and [0.5, 1.1] GeV?), .
(middle) three bins in xp ([0.05, 0.14], [0.14, 0.2], and [0.2, line for J
0.6]), and (bottom) three bins in @ ([1, 1.9], [1.9, 2.9], and
2.9, 6] GeV?). The error bars are statistical. The data are fit
with the function Ay (90°)sin¢. The histogram shows the
total systematic uncertainty. CIPANP2025
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JLab Hall A/ C DVCS 12 GeV Hall A/C
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JLab Hall A 12 GeV

H(e, ey)p

 F.Georges et al, PRL 127 (2021) 152301
2064 distinct (E, Q2, Xg, L, g/)},},) cross section data points

* Full Q2, Energy dependence to analyze all 12 Compton amplitudes
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FIG. 4. Values of the helicity-conserving CFFs, averaged over ¢,
as a function of xz. Bars around the points indicate statistical
uncertainty and boxes show the total systematic uncertainty. The
fit results of previous data [19] at xz = 0.36 are displayed with
the open markers. The average t values are —0.281 GeV? [19]
and —0.345, —0.702, —1.050 GeV? at xz = 0.36, 0.48, 0.60,
respectively. The solid lines show the KM15 model [29].
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Forward Calorimeter

Exclusive J/YY
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Exclusive J/Y¥Y

Gluon gravitational form factors —>

. GlueX PRC 108, 025201 (2023)
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Hall C NPS

2023-2024
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Jefferson Lab Outlook

 Hall C NPS DVCS, Deep 7" results soon

« WACS: H(y, yp) @ 11 GeV in future
e CLAS12
 Data in analysis
 H2, D2 data: Exclusive Vector Mesons, DVCS, deep pi0 cross sections
* Longitudinally polarized NH3, ND3 targets
 ALERT data taking in progress (He exclusive DVCS)
* GlueX Phase-2 data in analysis, Phase-3 in future

* Active R&D for positron beams
* Active R&D for ~20 GeV

CIPANP2025
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On to the EIC!

* High luminosity
 Forward detection built into integration of detector and accelerator
* | ongitudinally and transversely polarized p, 3He beams

* EXxpect fine kinematic binning to resolve evolution with xB of transverse size
of quark and gluon distributions of the proton

 Deep Exclusive processes on nuclei identifiable by breakup veto

* ePIC Diffraction WG producing expectations for first 5 fb-1 of data in first year
of proton running.

CIPANP2025
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COMPASS 04

Exclusive omega ] SRS e
° A_Sandacz, et al | JM P(COnf) 51 ;:jag CY%VM ........................................... +_+ ...... .COMPASS ..............
(2023) 2361002 e
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Fig. 4. Comparison of the measured SDMEs for exclusive w production with predictions of the
GPD model of Goloskokov and Kroll.'> The calculations are obtained for Q2 = 2.0 (GeV/c)?,
W = 7.5 GeV/c? and p3 = 0.14 (GeV/c)?.
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COMPASS SDME

p-production

. COMPASS, EPJC 83 (2023) 924

1

04
Y00

R

Fig. 13 Theratio R = o1 /or
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COMPASS:

Deep pi0: arXiV:2412.19923
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Table 6: The contributions in GaVIo)?

to the spin-independent cross section in the kinematic domain of Ref. [27].
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COMPASS, DVCS
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Fig. 1. (a) Results from COMPASS and previous measurements by H1 [2,3] and ZEUS
[4] on the t-slope parameter B, or equivalently the average squared transverse ex-
tension of partons in the proton, (ri), as probed by DVCS at the proton longitudinal
momentum fraction xg;/2 (see text [1]). Inner error bars represent statistical and
outer ones the quadratic sum of statistical and systematic uncertainties. (b) Same
results compared to the predictions of the GK [5-7] and KM15 [8,9] models.
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