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?




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

0.5406 + 0.1106
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Differential cross-sections - forward extrapolation
0.2182/3 | | x*/ ndf 38.712/7
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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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Open-charm exchange
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Open-charm or gluon exchange?

experimental
observations

open-charm exchange

2g exchange

3g exchange (C-parity
violation?)

possible structures in total |cusp-like structures atpt+)A |no structures X same X
cross section thresholds v

do/dt enhancement at u-channel - charm baryon |not likely in t-channel X same X
high t exchange ?

sharp t-slope expect shallow t- consistent with gluon FFs as |same v

dependance due to high
mass exchange X

predicted on lattice v

do/dt - weak energy ? expected from Yuan’s expected from Brodsky’s
dependence especially at power counting v power counting v’

high t (approx.)

helicity conservation ? yes? yes?

beam asymmetry ? small small

naturality

unnatural D exchange ?

natural parity exchange

unnatural parity exchange -
3g

Measurements to be performed




Hall D Apparatus with 17 GeV electron beam

17 GeV e- Photon Tagger
12 GeV e l
North LINAC IR "--‘:

Diamond Radiator

East ARC

Linearly polarized photon beam
from coherent Bremsstrahlung off
thin diamond

Photon energy tagged by
scattered electron: 0.2%
resolution

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

Electron

Pair Spectrometer
& WlpletXI:olarlmeter

75m : ' Photon
. Beam Dump
Collimator GlueX
Spectrometer

Beam Dump

luminosity pb™'/45 MeV

— GIueX 17 GeV
Pl GIueX Phase-l




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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events/5 MeV

J/y with 17 GeV beam - tagger accidentals

Using real data — effect of increasing the tagger accidentals by factor of 5:

beam bunch structure

140 e To simulate higher accidental rates using real
120 data, we add 4 out-of-time peaks to the prompt
100 signal
e In any case the peaks that do not contribute to
80 .
the signal are used to subtract the tagger
60 accidental background
40 e Thanks to the narrow J/y peak, the effect of the
20 accidental background is not significant:
O adn
trptmeass 1S
8.20<E< 9.28 820<E< 9.28
: : > 1 %2/ ndf 58.58 / 46 x2 / ndf 72.19/ 46
) 1 po 148.7 = 64.1 .| PO 215.3 = 26.6
GlueX Phase-I 2 120: o1 _45.73 + 20.58 [T 444444 p1 —-66.71+ 8.54
l’\(; H amplitude 100.7 =+ 8.6 amplitude 90.39 + 5.56
x5 tagger accidentals 2 100l mean 3.089 + 0.001 |- fut-inn] Mean 3.088 + 0.001
200 2 = . ; : [
- 0') B : :
E 1) EEE S i..| —®— GlueX Phase-I
Q I~ :
S r H H
E 60; i .| —e— x5 tagger accidentals
2 r
2 0[]
5= %
= T
g

g o -

. (R TR : 1 1 1 1 i 1 A 1 1 1 1 I 1 1 1 1 | 1 ' : 1 1
8.5 26 27 28 29 3 31 32 33 34 35 295 3 3.05 3.1 3.15 32 11
M(e*e), GeV M(e*e), GeV



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

450
400
350
300
250
200
150
100

50

0.7

0.6

J/y at 17 GeV - polarization measurements
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J/y at 17 GeV - naturality

yp—>Jyp
> 0.8¢ naturality 0.5 + 0.0684
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See Keigo Mizutani’s slide: naturality
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40

30

luminosity, pb™/45 MeV

X. states with 22 GeV - cross section
Yp = 2P = Jlyyp = eTeTyp

e GlueX has detected charmonium states decaying to J/yy in the 3.47-3.58 GeV mass region
e They are consistent with y,;(3511) or y,.,(3556), but the statistics/resolution doesn’t

allow yet to clearly identify which of the two states (or both) has been detected
e They both are C-even charmonium states, recent interest related to search for odderon
(e.g. Yu Jia et.al arxiv:2207.14171 (2022))

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
with 22 GeV beam:
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Xy, events/45 MeV

linear polarization

X1 With 22 GeV - polarization measurements
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1
W(ghye — @) = — <7 +2P,
2

X1 With 22 GeV - naturality

Yp—=>x,Pp—=>Jdyyp
naturality -0.5 + 0.05447

asymmetry
S 2 2 2
N B~ N
III|III|III|III

—0.6-
08 - ——o— GlueX J/y present data errors
E —e— GlueX 22 GeV - 3g exchange
-1 | | | 2g exchange - C-parity violation
-150 -100 =50 0 50 100 150
(ph 1_(1)’ deg
1 Yy,(0) = Y,(90) )
asymmetry = a e = cos[2(¢y,,; — P)]
2P}/ YJ/(//(O) + YJ/(//(90) .
naturality

pi_i = Impi_,

cos[2(¢,; — d)’)]) ...assuming equal helicity couplings
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Conclusions

Studies of the J/y near-threshold production - in its infancy

Potential to access to very important physics - gluon properties of the proton - however
... assuming VMD, QCD factorization

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

... assuming gluon exchange over open-charm exchange mechanism?

Future cross section measurements at 12 GeV JLab will certainly help to better
understand the reaction mechanism

However, the 17+ GeV energy upgrade will give unique opportunities for GlueX (in
addition to cross sections) to measure polarization observables that are critical in
separating different contributions to the J/y production
The energy upgrade allows to study C-even charmonium states and search for odderon,
including looking at polarization quantities with GlueX

Important input from theorists is expected

Note: all projected results in the near threshold region are based on scaling real data

results
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-t, GeV?

Differential cross-sections
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E,, GeV
E(E 1) = Mo : !
dt L(E)[nb=11/0.045GeV area(E,1)[GeV - GeV?] e(E, 1)

Event-by-event weighting by luminosity
Dots - mean energy and t-value for the corresponding bin
Results reported at mean energy for corresponding slice

Deviations due to bin averaging included in the systematic errors
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do/dt, nb/GeV?
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QCD: high-t asymptotic
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S
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Sun, Tong, Yuan PRD105 (2022)

Asymptotic t-dependance 1/£° (vs 1/t%)
due to helicity flip

Not enough statistics to test the t-

asymptotic

However we can detect proton spin flip,
using double polarization measurements?
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m 1.383 + 0.1719
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e/ separation
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Pion contamination ~50% in the continuum (using p/E fits to estimate it)
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do/dM, nb/GeV
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yp — (pp)p with M(pp) ~ My,

pp flux-normalized yields, nb
o
V%)
F
Jp pp-normalized yields

A — T — _—
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Preliminary results: differential cross-sections

e 10.36-11.44 GeV

[E—

—e— 9.28-10.36 GeV

do/dt, nb/GeV?

[UN—
<

1072

0 2 4 6 8 10
-t, GeV?

do t Ny, 1 1

dr L(E)[nb=1]/0.045GeV area(E,t)[GeV - GeV?] e(E, 1)

» Results reported at mean energy for corresponding slice

 Deviations due to bin averaging included in the systematic errors

using data-driven model



