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Probing exotic charmonium at JLab

pentaquark
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Pentaquark photoproduction limits
Ay — J/wplo(_

yp = Jlyp —

1200

[ — data :

- — total fit i

[ — background

—
o
o
()

(GLUEY." PRL 123, 072001 (2019)

Weighted candidates/(2 MeV)

a T 800

= 10¢

o : B

= F 6001

mp) :

! i 400

o |

£ T

© 200
=

m o [MeV]

—s— SLAC

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

Jy

E,, GeV 20

Model-dependent limits on
BR(P. — Jlyp) < 2-4%

P

Proportional to BR(P.— J/yp)2

CFNS Spectroscopy 2025 Justin Stevens, WILLIAM & MARY 3



Pentaquark photoproduction limits
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Even stricter limits on P_ production

taking into account differential
cross section do/dt

Proportional to BR(Pc—J/Pp)?
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J/P photoproduction at GLue)CW

* Experimentally clean and %103%31 PO 100 (2023) 020201
rare probe with ~2.2k J/yy 2 | W“W""’Wﬁwﬂw H |
observed in GlueX-| o M‘W‘MM

| MWWWW |

% Broad physics program
driven by different
production mechanisms

v yp = etep
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Interpretation of J/ results
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* Differential cross section do/dt consistent between J/y — 007 (Hall C) and
GlueX — sensitive to gluon GPDs, mass radius, etc. under certain assumptions

Single channel + Open charm = Two channel
N4
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Interpretation of J/ results

PRC 108 (2023) 025201
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* Differential cross section do/dt consistent between J/y — 007 (Hall C) and
GlueX — sensitive to gluon GPDs, mass radius, etc. under certain assumptions

% Total cross section sensitive to “cusps” near open charm thresholds — models
with both resonant pentaquark and purely non-resonant effects can adequately
describe the data
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Interpretation of J/ results
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* Differential cross section do/dt consistent between J/y — 007 (Hall C) and
GlueX — sensitive to gluon GPDs, mass radius, etc. under certain assumptions

% Total cross section sensitive to “cusps” near open charm thresholds — models
with both resonant pentaquark and purely non-resonant effects can adequately
describe the data

% |Improved precision required to differentiate production mechanisms and
spectroscopy interpretation: GlueX-Ill, SOLID, etc.
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Jefferson Lab

* JLab 12 GeV running since 2017: G'— - " Forvard Caloimeter
programs in hadron spectroscopy, UXW parl Calarimeter —, _

Start Counter

nucleon and nuclear structure, etc.

Target

Photon Beam

* Photoproduction process provides access Tagng_ N\
,&@
diator

. Magnet 2 Eon;vr:?rceirDriﬁ
to many proposed exotic decay channels Euegzw Lo
Chamber
Ra Solenoid

* Orders of magnitude higher statistics than
previous photoproduction experiments

<>
Class®

Experimental
Halls A/B/C
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Jefferson Lab at 22 GeV

* Add 6 additional “passes” with Fixed Field
alternating gradient Accelerator (FFA) magnets

% Steady progress on physics program through
series of workshops: recent white paper and
December 2024 workshop in Frascati

650 MeV

L 13cm >

White Paper: EPJA 60 (2024) 9, 173
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https://inspirehep.net/literature/2669410
https://agenda.infn.it/event/39742/
https://inspirehep.net/literature/2669410

Photoproduction of XY/ states

Complementary access to charmonium
photoproduction with higher energy facilities

c . 2
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Jefferson Lab upgrade: Electron lon Collider (EIC)

Ee =12 = 22 GeV
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Exotic states with cc

* Thresholds for XYZ states open
just above 12 GeV

* For example, ZC enhanced in 22

GeV region, consistent with
COMPASS upper limit
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Exotic states with cc

* Thresholds for XYZ states open
just above 12 GeV

* For example, ZC enhanced in 22
GeV region, consistent with
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Exotic states with cc eTe™ = J/pnTa
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Exotic states with cc eTe™ = J/pnTa
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Photoproduction of Z(3900)

% Alternative production mechanism:
free of rescattering effects and e s e maa
sensitive to photo couplings B

' ",p'Aé %
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* Same production mechanism near - :?f(lffﬁlsoo); E
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J4: PRD 102, 114010 (2020)
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Photoproduction of Z(3900)
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Photoproduction of X(3872)

J4: PRD 102, 114010 (2020)

Use I'(X = yp, yw) and VMD
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Photoproduction of X(3872)
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Challenges and Next Steps

* JLab at 22 GeV and EIC are complementary
* Common challenges

* Non-resonant production

% Interpretation...

* Final states with open charm
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Next steps: non-resonant backgrounao
vp — Jlw'p, Jly — ete™
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% EXxclusive reconstruction of signal MC show clear structure with
limited particle mis-ID backgrounds

* However, need estimates for non-resonant background: can learn
from ULs at COMPASS UL and/or existing data from GlueX
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Next steps: quantifying interpretation

* Any observation would be a critical
confirmation of the resonance picture,
but what about non-observation?

* Current 12 GeV data on J/y is
consistent with weak resonant (P )
and non-resonant interpretation,
limiting models for nature of P,

* For EIC and 22 GeV we need
quantitative interpretation of

photocouplings for models of Z.
microscopic structure?

* How to connect this with Lattice
QCD or QCD-inspired models?

o(y p = J/y p) [nb]

10:1 T
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= Resonant (3C-R)
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Next steps: open charm .
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% Open charm continues to play important role interpretation of
existing observations and can produce non-trivial structure

* What can we learn from 12 GeV? Studies with existing GlueX
data to at least set an upper limit on ground state yp — A_.D

% Are detectors capable of a robust open charm program?
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Summary

%* Spectroscopy of exotic states is a clear argument for a JLab
energy upgrade to cross the cc production thresholds

* The EIC and JLab 22 GeV are capable of complementary
measurements to cover the relevant energies and luminosities
for this exotic spectroscopy program

% There are challenges: non-resonant background, quantifying
Interpretation, open charm channels, etc.

% The next steps to address these challenges are clear, but will
take some time and should proceed in collaboration between
the EIC, 22 GeV and theory communities
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Backup
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Charged tetraquark candidates: Z.
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% Production mechanism dependent
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Photoproduction of XYZ states

EIC
JZEE: PRD 102, 114010 (2020) —
) | eSS s e I B SR,
’y w}Y : . JPAC:

. TS
—— Y(4260)

<
\

T q/ E 10

5 e~

1 P~ B

Pomeron g lk x

exchange &

I o) 5

p 4 ’
/ﬁ\%

N N’ O4 . |

8 | 10
—> Vs, [GeV]
Y(4260) production increases with  jofferdon Lab 22 GeV
- . o—
energy like other vectors, ideal for

higher energies accessible at EIC
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Photoproduction of y(2.5)

EIC
-
SoLID example at 17 GeV .
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