Future of Hadron Spectroscopy in
Photoproduction Experiments
Justin Stevens WILLIAM & MARY
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M Lab 12 GeV e- beam

* Running since 2017: programs in spectroscopy, G el ey S
nucleon structure, etc. LUEX v, ormotr -

* Photoproduction process provides access to
many proposed exotic decay channels
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* Orders of magnitude higher statistics than
previous experiments: e.qg. at GlueX
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* & =0.84 fb~! so far with 3x more by 2025

% Kaon identification to investigate light vs strange
quark content

Experimental
Halls A/B/C
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L attice QCD

hadron spectrum collaboration

had/spec pro 88 (2013) 094505
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NTt/N’T1 Spectroscopy at
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NT/N’Tt spectroscopy at GL%

* Investigating similar channels as exotic

P-wave signals reported by COMPASS Rest Frame of X

where X — nn—
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% Polarized photon beam provides new
information on production mechanism,
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NT/N’Tt spectroscopy at GL%

* Investigating similar channels as exotic
P-wave signals reported by COMPASS Rest Frame of X, p

where X —n ™

* Polarized photon beam provides new Uy |
information on production mechanism,
collaborating with J2¢ on amplitudes s
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Pentaquarks and threshold charmonium

Threshold J/y production
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Pentaquarks and threshold charmonium
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Pentaquarks and threshold charmonium
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Limits BR(P:— J/Yp) < 2-4%,
providing additional
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Pentaquarks and threshold charmonium
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Multiple complementary
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Pentaquarks and threshold charmonium
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What’s next for photoproduction®

Access to charmonium region with higher energy facilities

\CJ)_,ﬂ'.e-r:son Lab upgrade: Electron lon Collider (EIC)
Ec =12 = 22 GeV

Vs =15 — 6.5 GeV Vs =5 — 141 GeV
P complementary! P
£ =10 =10 ecm™2s7! L =10 cm™2s~!
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Photoproduction of XYZ states

EIC
JZEE: PRD 102, 114010 (2020) —
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Photoproduction of y(2.5)

EIC
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Photoproduction of XYZ states

JEE :PRD 102, 114010 (2020)
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Photoproduction of XYZ states

PAC | EIC required for Z'
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EIC detector simulations

EIC: yp — pJlyrn*n™
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IN-medium effects for spectroscopy

* Recent LHCDb results in pp

% First observation of prompt
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IN-medium effects for spectroscopy

Weakly bound Tightly bound
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Summary and Outlook

% Fixed target spectroscopy focused on light quark
hybrids and threshold J/{ production (s-channel Pg)

* JLab has a decade-long program with GlueX and
CLAS12 + proposed energy upgrade (threshold X,Z)

* EIC Spectroscopy program focused on alternative
production mechanisms for heavy quark exotics (XYZ)

---- JPAC P;(4312) 3/2 BR=2.9% |
JPAC P} (4440) 3/2' BR=1.6%
---------------- JPAC P} (4457) 3/2° BR=2.7% |

E, Gev 20

PRL 123, 072001 (2019)
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Summary and Outlook

% Fixed target spectroscopy focused on light quark
hybrids and threshold J/{ production (s-channel Pg)

* JLab has a decade-long program with GlueX and
CLAS12 + proposed energy upgrade (threshold X,Z)

* EIC Spectroscopy program focused on alternative
production mechanisms for heavy quark exotics (XYZ)

Upcoming Workshops:

Hadron Spectroscopy with a GEBAF Energy Upgrade
Jefferson Lab: June 16-17

Exotic heavy meson spectroscopy and structure with EIC
Stony Brook CFNS: August 15-19
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https://indico.jlab.org/event/528/
https://indico.bnl.gov/event/14792/

Backup
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XY/ states

* Many new states observed In
the last ~decade

* Not predicted by the standard
charmonium models

* Many models for interpretation:
resonant states, meson
molecules, re-scattering
effects, etc.
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Theoretical developments
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* Modeled through vector meson
dominance and X(3872)—J/Yp
decay width

* Ongoing work on Reggeization and
contribution from w exchange

ﬁ““é: Szczepaniak, Pilloni, Hiller Blin, Winney, Albaladejo, Mathieu
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Theoretical developments ,
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Snowmass Photoproduction Spectroscopy Justin Stevens, WILLIAM & MARY 26



Event generator: elSpectro Derek Glazier

Factorise 2 photon vertices

Virtual photon flux e

+ form factor JPAC photoproduction

amp litudes

XYZ

Generator available on GitHub: https://github.com/dglazier/elSpectro
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Previous experience at COMPASS

* Result from Compass in p+p to
search for Z¢(3900)

* Most /syp far above
threshold

* Already some constraints on
Zc = J/P 11 decay width?

* What could the EIC do in e+p?
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