Measurement of coherent ¢») meson photoproduction
from the deuteron at 6-11 GeV

Bo Yu
Duke University
Duke APS DNP 2025 Jefferson Lab
Oct 18, 2025, Chicago, IL

' rk is supported in part by the U.S. Department of Energy under Contract No. DE-FG02-03ER41231



Uniqueness of ¢» meson

$(1020) ~ 53 y Vepord...

Unique to study gluon exchange
at low energies!

P P’ P P’
OpN IS an _quantlty tha_t | Quark exchange Gluon exchange
characterizes ¢» — N interactions
Suppressed in ¢p — N interaction Dominant in ¢p — N interaction
due to no common valence quark universal in hadron interactions

It provides essential information
for QCD inspired models
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Extract o, from @ photoproduction

 Use photons as hadronic probe

* \Vector meson dominance (VMD) model describes photon-hadron interactions
very well at high energies
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Discrepancies on o, extractions

4

Yp = ¢p
6y = 10— 12 mb Oon (MD)
' Agrees with additive quark model
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Coherent photoproduction on deuteron

Single scattering
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Each nucleon receives half the momentum transfer

Dominates at high | d
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Model of coherent ¢ photoproduction

e Standard ingredients in the model R
E,=2.6-3.6 GeV N
10 | -
* Vector meson dominance - ¢ Thiswork Ni
» Paris potential for deuteron wave function - NN\ (A) 0y=10 mb (VMD)
* Glauber scattering theory BEEERE (B) 0,,=30 mb (VMD)
 Longitudinal interaction length of the photon |~~~ (C)0,=30mb (b,y=10 GeV?)
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The SRC-CT experiment
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Event selection

« ¢ > K"K~ decay channel with 48.9% branching ratio

 Kaon TOF cuts, photon energy cuts, fiducial cuts...

* Bin centering corrections applied

Deuteron energy loss in drift chamber Kinematic fitting )(2/ NDF
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Differential cross sections

 Compare with world data (stats uncertainties only)

d(y, ¢d’) differential cross section vs —t
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Differential cross sections

« Compare with calculations from theoretical models

d(y, ¢d’) differential cross section vs —t
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Decay angular distributions

e Angular distributions of the K™, K™ in the helicity frame, W(cos 9, ¢, ®)

« Parameterized by spin density matrix elements (SDME) pl.]]‘.

1
. s-channel helicity conservation (SCHC) predicts: h; = h, — pd =pl  =|Imp? | = >

(a) (b)
Y Y
Center of mass frame 1 Helicity frame

I

Duke

Adhikari et al. PRC 108, 055204 (2023)



1.0

0.8 1

0.6+

Wi(cos 9)

0.4 -

0.2 1

0.0

Decay angular distributions

« High degree of helicity conservation is observed for different E}, and
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Decay angular distributions

« High degree of helicity conservation is observed for different E}, and
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L atest development

* New GlueX proposal of yd — ¢@d with a tensor polarized deuterium target

« High precision extractions of O N with the additional target spin degree of
freedom

— exclusive ¢ photoproduction from proton (0¢N=10 mb)

° Ap p rove d t O run 65 F) AC d ayS . ——inlcolherent ¢ photoproduction from nucleus (G¢N=3O mb)
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Summary

¢ meson is unique to study the gluon exchange at low energies and OyN IS an
essential component for QCD inspired models

Oy CaN be extracted from ¢ photoproduction based on VMD, however,
discrepancies are observed and not well understood

Coherent ¢ photoproduction on deuterons offers great opportunities to study the
¢ — N interactions and the limits of VMD

We presented new yd — @d measurement with GlueX detector that opens new
window to extract 6

Upcoming experiment with a tensor polarized deuterium target will measure OyN with
high precision

This work is supported in part by the U.S. Department of Energy under Contract No. DE-FG02-03ER41231 D l I I< e
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Backups
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Outlook

* Deuteron knockout from helium and carbon target
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L atest development

 D-wave of the deuteron can be isolated with tensor polarization

* |mportant tool to study SRC and CT

» Coherent p photoproduction offers the easiest measurement opportunity

2 4 v= 3GeV [
310 $10°E
S S SF
£10 £103F
102 LN 210 %]
U S A S o R
10 | v e 1 10 F
1 E—IIJ;IL.I 1 Lln N TN
0 02 04 06 08 1 0 02 04 06 08 1
-t [GeV?] -t [GeV?]
10 S F IN'—IO > i
> ; v= 6 GeV [ ; v= 10 GeV

Y $10°4}

~

= -
£103

= .2
510 7k
~

10

--------
-,
-0
ye
.
T
.
*e

1 Lt

' ‘ Tt . ol RO
0 02 04 06 08 1 Duke
-t [GeV?] -t [GeV?) 13



