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Hadron Spectroscopy and Photoproduction

Photoproduction is an interesting
process to study normal hadrons and
to search for exotic hadrons

y X tetraquark hybrid meson
 Photons couple to proton

through exchanged QNs,
can produce mesons of any JPC

* Photon polarization provides
constraints on production
processes, probe of hadron
properties
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The GlueX Experiment

Large acceptance spectrometer
for charged and neutral particles
at Jefferson Lab

Forward Calorimeter
Time of Flight

Barrel Calorimeter

Optimized for light meson ~ Start Counter
spectroscopy, energy reach
up to bound charmonia

Photon beam with Phot.on Beam

linear polarization Tl\fllgg:;%

P =~ 40% at peak

Ey=9 GeV Electron

Beam

\

Target

Forward Drift
Chamber

Central Drift
Chamber

Radiator Solenoid

12 GeV e-/v

* GlueX-l (2017-2018): L =305 pb-1 [Ey>8 GeV]

o GlueX-ll (2020-20257): L = 320 pb-1 (so far)
expect 3-4x GlueX-I
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Light Meson Spectrum from Lattice QCD

n1(: recent evidence
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GlueX: High Statistics Photoproduction Data
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High Statistics mm and Excited Vectors

i E..~9Gey| ° GlueX can access excited vector
12(1270)? mesons decaying to e.g. Tt and wrt
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High Statistics KK and Excited Vectors

. Clear signal of K¢K;, Ky — n*n~ seen  Zwoo. o pa Gu"
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. Preliminary PWA shows K(K; spectrum  Sao0- "%

is predominantly P-wave Eggg: Ky — nn™
 Two peaks in photoproduction vs. 5000

. + —_ . . . — h
onein ee annihilation? 038 0.4 0.42 0.44 0.46 048 05 052 0.54

M(rtr) (GeV)

10°
5 ;( P> 01000 S ]
2 140 (g as00p Data G S | o
3 120 - 'S 2000 |- Sideband 3 | |
~ - ; £ o e = 7500 ete™ - KK, .
n 100 'S 1500 E . O Preliminary S M 7
- = 1 O e ®» "o J =
: - O fe e ™ 5 BABAR
3 80 ;1000 - . =0 PRD, 89, 092002 (2014) -
60 [~ 500 & o, j . |
40 | M : |
o 792 14 16 18 2 22 24 26 2501 + ¢$(1680) .
20 E M(K K, ; t s |
- @ 2ottt ettt ~. I +++ ++ N
0 oL 0000006000000000600000000000000000006000000000600000000060000600006600060006 i ++++ ‘. |
1 12 14 16 1.8 2 22 24 26 -
M(KSKL) m(KK, ) (GeV/c?)

S. Dobbs — Physics with Protons at SIS100 — Feb. 9, 2024 — Physics with Strange and Charm Quarks at GlueX



K K¢ Spectrum — Scalar and Tensor Mesons
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Search for the Y(2175)

. Can search for the Y(2175) / ¢(2170)
« 55 partner of the Y(4230)?

[Phys. Rev. D. 74 (2006) 091103] [Phys. Rev. D 99, (2019) 032001]
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Search for the Y(2175)

 No evidence with PDG Y(2175) parameters (o < 500 pb)
* Evidence of structures at M ~ 1.8 and ~2.24 GeV
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Charmonium Photoproduction Near Threshold

Near-threshold production allows study of Y [CC_)]

the cc+N interaction ~ el

Interest in using gluon exchange as a
probe of proton structure, search for P,

resonances, etc... p /
Understanding of production mechanism

critical to interpreteqttion. See talk by D. Winney on Tuesday
1

\p

EPJC 34, 297 (2004) EPJC 80, 1053 (2020)
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J/Y Photoproduction at GlueX: Mass Spectrum
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Reconstruct py — p + J/Y, J/Y — ete-
Calculate J/ cross sections normalized by non-resonant et+e-
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Latest GlueX-1 J//yy — e*e~ Photoproduction Results

GlueX, PRC 108, 025201 (2023)
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Threshold Effects?
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Structures seen near open-charm thresholds
More precision required — GlueX-Il will provide factor ~3 more data
Polarization observables can provide additional insight

S. Dobbs — Physics with Protons at SIS100 — Feb. 9, 2024 — Physics with Strange and Charm Quarks at GlueX



GlueX-l J/y Differential Cross Sections
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GlueX-l J/y Differential Cross Sections
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Differential cross sections generally consistent with expectations of
gluonic exchange, except near threshold
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Charmonium Photoproduction Near Threshold

GlueX W(3770)  Y(4260)  Y(4660)
energy ~_ P’s  Zc(3900) Z+(4430)
range ~ 1 — "
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Thresholds for states above the DD threshold extend
to higher energies — future machines (EIC, JLab@22 GeV)
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JPAC predictions for higher energy photoproduction

Y
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i& Pomeron (Y) £ |1 See talk by A. Pilloni
: exchange 5 on Tuesday
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PRD 102, 114010 (2020)

« JPAC predictions for higher energy
photoproduction using fixed-spin
exchanges near threshold

o(y p = Xp) [nb]

O_ ( e _ * GlueX can test model by measuring
20 T N xc1(1P), W(2S) production
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Xc1(13P1) Photoproduction at GlueX
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Xc1(1++) photoproduction: probe of different parity C=+
JPAC model estimate using known xc1 — Y(p,w,d,J/P) couplings

Look for yp — y.,p = (¥JIy)p — (ye e )p
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Xc1(13P1) Photoproduction at GlueX
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P(23S1) Photoproduction at GlueX

GlueX JPAC: PRD 102, 114010 (2020)
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Y (2S) photoproduction: probe of wave function dependence
JPAC model estimates using known [Mygg(W(2S)) / Mygg(J/W)

Can search for w(2S) — n 7z J/wand w(2S) — eTe”
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Open Charm Production Near Threshold

- Hadron (cc) molecules like to decay PRL 51, 156 (1983)
. 00 T T T T T T T T T
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Projections for Future JLab Upgrades
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Summary and Prospects

« GlueX has collected a large photoproduction dataset

« Amplitude analyses of light quark mesons under way
e EXxcited vector mesons are near-term priorities
« Searching for strange-quark XYZ analogues

. Measurements of J/y production near threshold show unexpected features
« The ongoing GlueX-II run will provide more precision

« Other measurements of bound charmonia are possible with the growing
GlueX data set

e GlueX-Il run in progress, planned to end around 2025

« Upgrades considered include GEM-TRD, high-luminosity GlueX-lIl,
CEBAF energy upgrade

« Other approved experimental programs includes JLab Eta Factory,
spectroscopy with intense K. beam (=104/s), polarized target
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Backup Slides
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Hybrid Mesons

HadSpec: PRD 103, 054502 (2021) * Long history of search for “hybrid”
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Published GlueX J/{p Photoproduction Results
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Prospects for future J/¢ production measurements

{0 Total Elastic Electro-and Photo- production of J/ _ S
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S. Joosten and Z.E. Meziani, L. Pentchev, J/§ + Beyond Workshop

PoS QCDEV2017 (2018) 017

JLab Hall C measurements also see no clear Pc, limits are similarly model-
dependent, CLAS12 measurements under way

Proposal for double polarization measurements in Hall A
Future: electro- and photoproduction at SOLID (&£ = 1037cm_25_1)

More future: linearly polarized photoproduction at GlueX with energy-
upgraded CEBAF
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Projections for J/@r=+7— Photoproduction at GlueX

Yp = J/Yxtz-p, J/Y — ete-
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Assumes 1 year @ 500 pb-1, Br(X,Y— mtr-J/P) = 5%
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22 GeV: N(p(2S)) =900, N(X(3872)) = 2300, N(Y(4260)) =120
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The GlueX Experiment: Photon Beam

Photon Tagger Pair Spectrometer
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The Charmonium (cc) Spectrum
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GlueX can access photoproduction of “bound” charmonia

ldea: probe dependence of charmonium production based on
size of system and different QNs
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The Charmonium (cc) Spectrum
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GlueX can access photoproduction of “bound” charmonia
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Comparison between GlueX and J/y-007
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» Scale uncertainties: 20% in GlueX and 4% in
Hall C results

* Good agreement within the errors; note also
differences in average energies
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