New opportunities for Jii (and beyond) photo-
production studies in HallD with the CEBAF upgrade

Lubomir Pentchev
(GlueX Collaboration)

e What are the physics problems related to J/y (and beyond) threshold

production we need to solve?
e Why CEBAF energy upgrade is important in solving these problems using
existing GlueX detector?




Threshold J/y photoproduction <» mass properties of proton?
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e VMD reducesyp — JlwptoJlyp — J/yp
o If m, — oo interaction via gluon exchange, at threshold sensitive to trace anomaly - quantum

fluctuations (Kharzeev, Satz, Syamtomov, Zinovjev 1996-1999) contributing to proton mass (Ji 1995)
e GPD factorization valid for m. — oo at threshold (Gun, Ji, Liu 2021)

e At threshold large difference in gluon rapidity (skewness &), 2g dominated by 2" texchange (graviton)
allows to study mass properties of the proton (Hatta, Ji et al. 2021)

e t-dependance of the amplitudes - gravitational form factors — mass radius of the proton, D-term
(Hatta, Kharzeev, Ji et al. 2018-2021)

e At large t pQCD approach - no direct relation to gravitational FF? (Sun, Tong, Yuan 2021,2022)
e Is the J/y mass large enough for the above assumptions to be valid?
New results from Jefferson Lab - Hall C (J/psi-007) and GlueX - what the data say about this?



Preliminary GlueX results: total and differential cross-sections
yp — Jlyp — eTep

« Possible structure in 6(8.6 — 9.6GeV),
however the statistical significance of the

two “dip” points is 2.60; if include look-
elsewhere effect - 1.30
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« Enhancement of do/dt at high t (for the
lowest energy slice)

« Weak energy dependance of do/dt (less
so at lower t and energy)

. t-slopes close to lattice predictions for Ag(t)

» Possible change of the slope at low
energies
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Differential cross-sections - forward extrapolation
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Forward differential cross-sections - threshold extrapolation
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Forward differential cross-sections - model dependent
applications
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QCD factorization models
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e GPD LO calculations
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e factorization valid near threshold
o connection to gravitational FFs: A (¢) and C,(t)
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arm exchange
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FIG. 3. Feynman diagram for the proposed CC mechanism.
The dashed blue line pinpoints the open-charm intermediate
state.



Open-charm or gluon exchange dominates?

Experimental observations open-charm exchange gluon exchange
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Need to understand the reaction mechanism

Based on current theoretical description of the threshold charmonium production, to
study mass properties of the proton we need:

e Relation between yp — J/wp and cc(J/yw)p — J/wp reactions (VMD, GPD
factorization)

e Gluon exchange (not open charm)

e The gluon exchange must be dominated by 2% (graviton-like) exchange
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Hall D Apparatus with 17 GeV electron beam
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Photon Tagger Pair Spectrometer
_ & Triplet,Polarimeter
12 GeV e l v ”;—-Xi -------------- :
North LINAC i !
! . 75m . Photon
. Beam Dump
Diamond Radiafor  Electron Collimator GlueX
East ARC Beam Dump Spectrometer
Linearly polarized photon beam E, =17 GeV
from coherent Bremsstrahlung off S S B
thin diamond 50:_ ......... .......... I ntegral 1916| B OO SO PO SRR PN
Photon energy tagged by w0l

scattered electron: 0.2%
resolution

With 17 GeV beam, coherent
edge can be placed at higher -
energy at the same time giving 101
higher photon flux and higher

luminosity pb™'/45 MeV

. [— GlueX 17 Gev

20 —— GlueX Phase-l

H . . 0:|||i'llliIII|:||||E||||i||||i||||i||||i||||:
linear polarization 9o 10 11 12 13 14 I5 1%’&%

The only modification: tagger
magnet field increase by 17/12 11



J/y studies with 17 GeV beam

All projections based on scaling the GlueX Phase-| real data:
e Assuming same time as for Phase-l (~1.5 years)
e Assuming same average beam current (~200nA) and radiator
thickness
e Tagger accidental analysis based on existing data
e Using the measured errors in the near-threshold region (covered
by 12 GeV accelerator), and scaling them based on luminosities
e Performing realistic simulations at higher energies to estimate
the detector efficiency
e In polarization measurements - using the measured errors and
scaling them based on the Figure Of Merit, FOM
Coherent peak set at 9.7 GeV to cover the whole near threshold region
of interest
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luminosity pb™/45 MeV

J/y at 17 GeV - cross sections and
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o(yp —= J/yp), nb

J/yrat 17 GeV - cross section projections
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JAp events/45 MeV

linear polarization
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J/y at 17 GeV - naturality
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luminosity, pb™/45 MeV

X, and y/’ states with 22 GeV - cross sections

yp = x.p = Jlwyp = eTe7yp

with 22 GeV beam.

yp > w'p—etep

e GlueX has detected charmonium states decaying to J/yy in the 3.47-3.58 GeV mass
region, consistent with y,.;(3511) or y.,(3556), both are C-even charmonium states.

e We have used the measured y.. yields and MC simulations (efficiency ~10%) to scale the
JPAC calculations for y,.; photoproduction cross section and make projections for GlueX

e GlueX has observed i’ states in eTe™ decay mode; measured yields used to project the
expected yields with 22 GeV beam, assuming same energy dependance as for J/y. Note:
extrapolations have significant uncertainties due to small number of ' observed.
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linear polarization

X1 and 1//’ with 22 GeV - polarization measurements

E,=22 GeV

E,=22 GeV

— GlueX 22 GeV

— GlueX 12 GeV

FOM/45 MeV

cl

X

E,, GeV

30

25

V' FOM/45 MeV

20

15

10

e S e A SO SO S8

i
14 15 16 17 18




X1 With 22 GeV - naturality
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' at 22 GeV - naturality
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JIw, y.1, ' naturality studies

naturality = 0.5(—1)’
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Conclusions
» Charmonium threshold photoproduction has potential to access very important physics - mass
properties of the proton - however:

... assuming VMD, QCD factorization

... assuming relation of the measured cross sections and the gravitational FFs

... assuming gluon exchange over open-charm exchange mechanism?
* Need to understand the reaction mechanism:
« Precise cross section measurements near J/y threshold, thanks to higher beam energy
increasing the coverage/intensity of the coherent peak

The energy upgrade will give unique opportunities for GlueX to measure polarization

observables that are critical in separating different contributions to the J/y production

Studies of higher charmonium states (y,, w") are very important in understanding the

.60

charmonium mass dependance (recall: factorization, graviton exchange assumptions are

valid at high mass limit)
Comparing C-odd (J/y, ') and C-even charmonium states (y,.) allows to study the type of

gluon exchange (2g, 39)
Important input from theorists is expected

. C)

Note: all projected results in the threshold region are based on scaling real data results,,
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-t, GeV?

Differential cross-sections
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yp — (pp)p with M(pp) ~ My,

pp flux-normalized yields, nb
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