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Hféﬁigggz J/W Near-Threshold Photoproduction

We are interested in measuring the process:
eN — e'J/YN - e'lTI™N

Close to the 8.2 GeV threshold, J/y photoproduction

is predicted to be mediated by the exchange of two
gluons.

The quark mechanical form factors can be probed
with DVCS, TCS, DDVCS.

J/y allows to probe the gluonic mechanical form
factors.
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Unlversuy J/¥ Photoproduction on
JACERo A the Free Proton

NS 0 ﬁ
GlueX — Hall D oo 0 g8
. _?_Oa;fk * = i H 1
The GlueX Collaboration has made ot ~ g ﬁ i T
measurements of the total and s 4 T+ < H
differential cross section over the full ﬁt
near-threshold range. T $ Vo007 combined | 107 Jﬁr & Cornell (1975)
£+ Cornell 1975 > GlueX (2023)
1072 1 T r . : : r r . :
Jllp 007 — Ha" C 8.0 8.5 9.0 9.5 ‘, (1(03.2\/) 105 110 115 120 . . s 1:0 CL/:jlsz (thllsl \;VOFK)HS
The J/p — 007 Collaboration has Ey [GeV]
made measurements Of the total 10° E,in [8.20, 9.10] GeV E,in [9.10, 9.25] GeV | E, in [9.25, 9.40] GeV " E,in [9.40, 9.55] GeV
. . : 7 y . # A A. Ali, et. al. (GlueX
and differential cross section as a RS T X £ty T Collaboration), Phys. Rev.
function of tin 10 bins of E, ine*e™ T “ Lett. 123, 072001 (2019).
S. Adhikari et
and ﬂ+ﬂ_ Channe|S 100 E,in [9.55, 9.72] GeV E,in[9.72, 9.85] GeV E,in[9.85,10.001GeV{o  E,in[10.00, 10.15] GeV al. (GIueX CoIIaboration)
oy %o I ¥, Phys. Rev. C 108, 025201
CLAS12 — Hall B LRI RO L * R o
— o . Duran, etal. (J/y-
2 10 T' W T i T “ Collaboration), Nature 615
_ sk (2023).
The CLAS1 2 COIIaborat|On haS 100 %‘EV in [10.15, 10.32] GeV °¢% E,in [10.32, 10.45] Ge\.',‘;‘%75 E, in [10.45, 10.60] GeV E, in [10.60, 11.50] GeV S. Joosten, et al. (J/w-007
' Collaboration),
made measurements of the total o] My ; T i’ | o 16 (2026)
and differential cross section as a | $ Y007 (2023) T T | P. Chatagnon, etal. (CLAS
i i P o= #gll.:es)fl.gz((iii)work)l Collaboration)
funCtIOn Oft In e e Channel 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 6 7 1 2 3 4 5 6 7 8 9 arXIV260222128 (2026)
—t [GeV?]
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GPD model Holographic model
s CLAS12
$1a Umver51ty """ g/~
iprepee@Holographic QCD & GPDs - %\~
<
In holographic QCD a higher dimensional duality relates spin-2 fields to
gravity. J/p is produced by the exchange of gravitons (tensor -0
2++glueballs) and scalar (0++) glueballs. 2 :
S _10-1 P. Chatagnon, et al.
Yy 4 (CLAS Collaboration)
In the GPD framework, large skewness at threshold allows to relate the f (82%%)2602-22128
c . -10° .
scattering amplitude to gluon GPDs. The GFFs are extracted from the r -l
first moments of the GPDs . SRS
GPDSrCrawlca)rdeI Holographic model
0.20 GPD (2023){  Mass T
= ]/y-007 gluon (hQCD)
: 0.15 = Lattice gluon
Gluonic — = Lattice quark Scalar
pressure E o010 2028207 i T
b : S S. Joosten, et al. (J/y-007 ’ '_H s
dlStI’IbUtIOﬂ 8 0.05 Collaboration),
in the Breit E ' arXiv:2602.14416 (2026).
i : 0.00 —¥— ¥ —
frame in T CLAS12
GeV/fm = o W
from J/LIJ - | Combined — il
007 data —0-195 0.5 1.0 1.5 2.0 2.5 data T "
r(fm) 0.5 1.0 _1.5 2.0 2.5 0.50 0.75 1.00 1.25 1.50
Radius [fm] Radius [fm]
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. Z 107 o GlueX (2023) 4 = 10'F o GlueX (2023) =
Several different proposed near-threshold N Mot 06 1 ° F B
production mechanisms: ' '
« Two-gluon exchange B B S I SR I S
. . 8 9 10 11 12 8 9 10 11 12
» Higher (lower) twist 3 (1) gluon exchange E, [GeV] E, [GeV)

* Open-Charm intermediate states
 Pomeron exchange
 Meson exchange

J/Y
« 2015, 2019 LHCDb pentaquarks
D™O(AL)
Need higher statistical precision and polarization
observables to distinguish between production D®(A,)
mechanisms. g AZ (D)
J/
J /Y //
p P

M.-L. Du, et. al., Eur. Phys. J. C 80 1053 (2020).

D. Winney, et. al. (Joint Physics Analysis Center), Phys. Rev. D 108 054018 (2023).

L.Tang, Y.-X. Yang, Z.-F. Cui, C. D. Roberts, Phys. Lett. B 856 138904 (2024).

S.H. Kim, Phys. Lett. B, 868 139725 (2025). P 4

S.J. Brodsky, E. Chudakov, P. Hoyer, J.M. Laget, Phys.Lett. B 498 23 (2001).
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Comparing J/y production on bound vs free
proton could hint towards modification of gluon
structure of the nucleon in nuclei.

Can also think of coherent production on the
deuteron (nuclei?).

It's been argued that subthreshold production
can be a probe of nuclear and SRC structure.

First measurements from SRC-CT (Hall D)
contain possible hints of increased subthreshold
cross section. Point to:

* Increased gluon density

« Decreased gluon radius

o(yd)/2 (nb)

UASEESUE Nuclear Structure
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Y. Hatta, et al., Phys.
Lett. B, 803, 10
35321 (2020).

J. R. Pybus, et al.
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Rev Lett 134,
201903 (2025)




Unlversrcy What More Can
ALl CLAS12 Offer?  ReP

CLAS12 has taken several datasets relevant to the Piezoelectric motor Flexiblsband with solid targats
points addressed in previous slides. \

The RG-B experiment employed a deuterium target. RG-E H_Lﬁ __________ — I
The RG-C experiment employed a longitudinally e "/ 3

polarized NH3 target

Potentiometer Cryocell with 2cm LD2 target

The RG-D and RG-E experiments employed a range of — VS s
nuclear targets (D2, C, Al, Cu, Sn, Pb) W_ Charge (mC) -

RG-A 114 mC Available

We can look a’f various ch’anrlel_s. RG.B .02 107 mC Available
ep—>eJ/yp— (e)eTe p (free proton)

RG-C NH3 (long. pol.) 13 mC Available

e Ppound — € J/W p — (e)ete ™ p (incoherent)
e Npoung — €'J/PYn — (e’)e+e‘n (incoherent) RG-D LD2, CuSn, CxC 32, 183, 33 mC In

~ t .
ed - e'J/Jyd — (e)ete”d (coherenton d) postprocessing
LD2+ C, LD2+Al, 24, 21, 22, 22, Ready for

RG-E LD2+Cu, LD2+Sn, 27 mC postprocessing
LD2+Pb,




gjggifg%gz CLAS12

\ Forward Detector
% * Torus magnet

Central Detector , : * Drift Chambers
* Solenoid magnet : M © WY * Time-of-Flight
* Tracker " A ‘ * Calorimeters
* Time-of-Flight ey AN * Cherenkov counters
* Neutron detector N\, & -
e e ; 2 | 6/
Forward Tagger

Beam

» 85% longitudinally polarized e
* Max. luminosity: 103° s-'em-2

* Energy up to ~10.6 GeV

* Calorimeter
e Time-of-Flight
* Tracker

* Proton

* Deuterium

* Longitudinally pol. H/D
* Nuclear targets



Effégigggz Cross Section Calculation

Total cross section as a function of Number of )/

quasi-real virtual photon energy from fit in E bins
‘N A (Ey)\

o o(Ey) F Ny (Ey) - Iy - pr|+|Br|- R (Ey)|" [€(Ey )| |wc

MNormalisation
to Bethe

inosity: y ' ' Efficiency in E _
Lunjnnnmt}r. 6 % Branc+h|ng Ratio ! cy y Heitler process
N, is calculated from the photon flux (J/Y = e e™) bins from MC
[; and p; are the target length and — ,
. Radiative Corrections
density
Aadiative Cormaction
Phaton Flux v Pholon Enargy
----- r— § Could also call
g o : .
oass N : :' this a correction
aea 1 to the efficiency
- I: and flux
- | 1 calculations.
. . 1:-_"-5_
i S T TR T R
" s @ L T s T e _ma
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The efficiency calculation takes into account geometrical
acceptance and detection efficiency effects on the measured
J/y rate, generally obtained from MC.

Several corrections are applied to the MC.:

« Smearing to reconstructed momentum and angles.

* Neutron detection efficiency.

» Reconstruction efficiency as a function of beam current.
« Efficiency ratios for e+/e- PID and exclusivity cuts.

Further compare the expected number of Bethe Heitler events
in MC to that in CLAS12 data in the invariant mass region of
2.0 - 2.9 GeV. This accounts for errors in the efficiency and flux
calculations.

Systematic uncertainty on the Bethe Heitler normalization 10 -
20 %.

Necessary (if not, very helpful) for analyses, needs accurate
Bethe Heitler modelling for various targets.

Efficiency & Normalisation

P. Chatagnon, et al.
(CLAS Collaboration)

arXiv:2602.22128
(2026).
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Umver51ty Incoherent J/¢
ZARCENOVE Production in LD2

Total Cross Section [nb]

J/y Total Cross Section vs E, J/w Differential Cross Section vs —t
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Analysis Note in CLAS
Collaboration review
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Incoherent }/
@ JfCENsol Production in LD2

Fit the mechanical form factors shown below to differential cross

section;

pHov

AMAY —
M

Ay grva’

2M

< N'|Th3IN >= u(N") (Aq‘g(t)y”p" + Bq,g(t) +Cqg(D) + Eq,g(t)Mg’“’> u(N)
Some assumptions in fit:
* Assume dominant two-gluon production mechanism

« Assume FSI contribution to cross section much smaller than

plane wave impulse approximation (A. Freese, M.M Sargsian,

Phys. Rev. C 88, 044604 (2013.))
- Neglect B(t) and C(t).
» Assume tripole shape for mechanical form factors:

« (Gaussian constrained with A;—, constrained to the average
gluon PDF from CT18, m, to free proton data.

Agy(t)

Ag(t)

0.5

0.4
0.3
0.2-

0.1

GPD Model (A(0) and mc fixed)
_10—3_

I Proton
0 Neutron

= R

-10714

LB

-t [GeV?]

Holographic QCD Model (A(0) and m¢ fixed)
=103+

@(k\'\(\aw

~10-4

I Proton
0 Neutron
I Free Proton

LELELIL]



Unilversity InCOher.ent J/‘-I)
VVVVVV ZALCENOE Production in LD2

Holographic QCD Model (A(0) and my fixed) GPP Motell ALD) and mieTeE)
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S 3 0.010 \ 2%
8 : e\
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D.Winney,.et al. (JPAC
1y University J/W Polarisation e
vvvvvvvvvvvvvv S8 Observables

Predictions from JPAC on Double Spin Asymmetry for
LHCb pentaquark production.

Possible further predictions for open-charm and gluon
exchange production mechanism.

Aim is to measure:
* Unpolarised Spin Density Matrix Elements (SDMESs) o e . e - . - 1 12
* Beam Spin Asymmetry (BSA) E, [GeV]

« Target Spin Asymmetry
* Double Spin Asymmetry

B (N — i F )+ BN — N—)
Pbx (P (N+t+++ N-*)+ PH(N+-+ N—-

BSA; Ay =

S~—

)

Compare BSA and SDME measurements on

longitudinally polarised and unpolarised targets. 1 B 4 - — B = I
A LT Df x (BT (N+++ N—+) + Bf (N*~ + N—-

S~—

)
Aim to submit CLAS Approved Analysis note (K. Gates)
in coming months (internal CLAS proposal system). . N = = et

Do = D¢(P; (N*++ + N—+) 4+ Pf(N+- + N—))
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Observables

Predictions from JPAC on Double Spin Asymmetry for
LHCb pentaquark production.

Possible further predictions for open-charm and gluon
exchange production mechanism.

Aim is to measure:

* Unpolarised Spin Density Matrix Elements (SDMEs)
« Beam Spin Asymmetry (BSA)

« Target Spin Asymmetry

* Double Spin Asymmetry

Compare BSA and SDME measurements on
longitudinally polarised and unpolarised targets.

Aim to submit CLAS Approved Analysis note (K. Gates)
in coming months (internal CLAS proposal system).

Umver51ty J/W Polarisation
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ta Unaversity

Invariant mass of the lepton pair

- —e— D2 (636)
— Jhy (21 events)

2.8 3 3.2 3.4 3.6
M.
Invariant mass of the lepton pair
- —— CuSn (171)
% + — Jhy (10 events)

Events

nvariant mass of the lepton pair

—— CxC (248)
— J/y (7 events)

\ “\‘\(\QN

e\
%W+

bt b e

2.6 2.8 3 3.2 3.4 3.6

Mee

Expected final yields
on full RG-D dataset
LD2: ~210

CxC: ~70

Cu/Sn: ~100

Incoherent ]/ Yield Estimation
S Sl with Nuclear Targets

P. Chatagnon

Yield estimation with ~10% of RG-D
(P. Chatagnon), full dataset is
currently being processed.

Two datasets RG-D, and RG-E.

RG-E will have better acceptance due
to torus magnet polarity = more than
double statistics.

GlueX published measurements:
« ~50J/yonC

« ~45 J/y on He

« ~25J/wonD
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K+ K- Invariant Mass

University

Incoherent ¢ Yield Estimation

¢ Yield 2687 = 78.0
1200 Mean 1.02 = 0.00
L o 0.00485 = 0.00018
r bg p, 794.8 + 56.3
I bgp 0.2561+0.0183
1000 :
= L D 2 bgp, 2.271+0.238
800 J
600|—
400]
200[—
.
K+ K- Invariant Mass
¢ Yield 433.8 = 34.2
- Mean 1.02 = 0.00
200 o 0.004761 = 0.000531
- bg p, 184.4 + 30.1
180{— bgp, 0.2971+ 0.0426
o bg p, 2.933 = 0.547
160f— Cu ? i
140
: .
120 “
100~ m
80—
60—
40—
20—
ot I L, L o I

1.25

Invariant Mass [GeV]

K+ K- Invariant Mass

USSR with Nuclear Targets

¢ Yield
600— Mean

o

bg p
500— bgp

400

300

200

100

1342 £ 61.8

1.02 = 0.00
0.005376 = 0.000347
425.7 = 40.5

0.2428 = 0.0247
2.449 + 0.321

y

200

180

160

140

120

100

80

60F

40

20

K+ K- Invariant Mass

Sn

¢ Yield 449.5 + 36.4
Mean 1.021 = 0.000
o 0.00588 = 0.00066
bg p, 116.7 + 19.6
bgp, 0.2129 = 0.0435
bg p, 2.186 = 0.565

1.2 1.25
Invariant Mass [GeV]

Two datasets RG-D, and RG-E, yield
estimation with ~10% of RG-D.

Expected final yields on full RG-D dataset
- LD2: ~25000

« CxC: ~13000

« Cu: ~4500

* Sn:~ 4500

Aim to probe:

« Cross section ratios (function of x)

- (% dependence

* Model dependent FSI contribution

 Coherent production on d (Q?
dependence)

« Coherent production via entanglement
enabled intensity interferometry?



https://journals.aps.org/prresearch/pdf/10.1103/PhysRevResearch.7.013131
https://journals.aps.org/prresearch/pdf/10.1103/PhysRevResearch.7.013131

i t
NoprenvoM More Data

RG-A (LH2 target) and RG-B (LD2 target) have ~half of data left to take.
Upgrades to reconstruction software and planned detector upgrades should
allow to run at higher beam currents.

RG-C (polarized NH3) has 40 PAC days remaining (tentatively scheduled for
FY28).

Yield estimates from RG-D (nuclear targets) used 10% of data. RG-E
(nuclear targets) will more than double statistics for J/.

RG-D and RG-E both employed LD2 targets, can be used to improve
incoherent J/y on bound nucleon and coherent J/yp on deuteron statistics.

We could investigate J/y decay to u*u~ in RG-A/RG-B/RG-C.

uCLAS12 will be provide high statistics for J/yp on LH2. uCLAS12 with LD27?
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ienest@ Conclusion

CLAS12 has released measurements of the total and
differential cross section on the free proton.

Plenty more interesting results to come:

* Measurements on the bound proton and neutron in
deuterium (analysis note in collaboration review)

« Measurements of polarization observables, including on
longitudinally polarized targets (early stage, going to
get CAA approval)

« Measurements on nuclear targets (CAA approved)

Few things | didn’t have time to discuss further:

« Coherent production on deuteron (N. Silva, Y. llieva)

« Coherent production via entanglement enabled
intensity interferometry in nuclear targets?

Theory support and suggestions always welcome!!

rpg(r) [GeV/fm]
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https://journals.aps.org/prresearch/pdf/10.1103/PhysRevResearch.7.013131
https://journals.aps.org/prresearch/pdf/10.1103/PhysRevResearch.7.013131
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Hggiggg General Analysis Steps

Particle & Event Selection

Momentum measured by drift chambers.
Time of Flight Detectors used for hadron PID.

High Threshold Cherenkov Counters and
electromagnetic calorimeters used to ID electrons,

Above 4.5 GeV, employ ML based PID.

Use cuts on Q% and missing mass squared from:
eN - ete”N(X)

-t measured using recoil nucleon. E,, measured from
final state ee™ N

Yield obtained by fitting e™e™ invariant mass.

900
800

> No BDT cut
3 700

= B With BDT cut
o 600

i

» 500

+

400

>

— 300

@ 200

07 08 09 1.0 11 12 13 1.4
Mep-*e’e,;‘ x) [GeV]

2
10204 —03 -02 01 0 01 02 03 04
M2 [GeV]

P. Chatagnon, et al.
(CLAS Collaboration)
arXiv:2602.22128
(2026).

Suppressing
IDed as e™.




Umversuy Vector Meson Dominance

AUUCEE U Framework

The nucleon mass can be decomposed into the contributions
from the quark masses, the energy of quarks and gluons and
the trace anomaly contribution .

A scalar gravitational form factor G(t) gives access to the mass
radius of the nucleon. Assuming a dipole form for G(t):

The mass radius r,, is calculated from the free parameter m:

V12he

ms

m =

Ey [GeV]

11.5;

11.01

10.51

10.01

9.51

9.0

8.51

P. Chatagnon, et al.
(CLAS Collaboration)
arXiv:2602.22128
(2026).
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