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GlueX at Jefferson Lab
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ENERGY

@ 12GeV electron beam from CEBAF accelerator
@ Coherent Bremsstrahlung on diamond radiator
@ Linear polarization peak Py ~ 40%

@ Photon energy tagged by scattered electrons
@ Beam intensity: 1 — 5107 ~/s in peak
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GlueX Detector Jefferson Lab

®Thomas Jefferson National Accelerator Facility

Light quark meson spectroscopy with nearly Forward Calorimeter

complete coverage for charged and neutral final states Time of Flight

Year | Phase Jc Status Barrel Calorimeter
(pb~—")
2017 ] 22 | analyzed Start Counter
2018 1 103 analyzed
2020 2 132 analyzed EHQ Target
2023 2 60 analyzed
2025 2 ~ 130 | calibrating
2026 2 ~ 60 running Photon Beam
2027+ 3 800 proposed Tagging )
Magnet Forward Drift

Chamber

Electron .
Beam Central Drift
G L U E o~ Chamber
Solenoid

Radiator
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The Path to Exotic Hadrons
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and many more...

@ Detailed study of photoproduction mechanism with polarization, robust theoretical models
@ Develop capable analysis frameworks, evaluate with known states in the spectrum
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Photoproduction Jefferson Lab
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@ Photon coupling via vector meson dominance 10 ¢ i
@ Photon polarization provides constraints on produced systems d :1 publl- T(1S)
* prel.
@ Understanding of production mechanism is prerequisite for T Fu Zeus publ. ! E
interpretation of exotic signals J Zeusprel ]
_ A fixed torget
@ Limited photoproduction data existing at GlueX energies 10 L ‘ ‘
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Introduction to SDMEs Jefferson Lab
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@ |Intensity = observed number density distribution of events for fixed s, t:

Z(cos ¥, ) oc M2 = | > Y (cos®, 0) Tom[?
M

}‘y(cos 9, ¢) : spherical harmonic functions
Tum - transition amplitudes
@ Reuwrite intensity for truncated sum (e.g. vector meson J = 1)

Z(cos ¥, p) o< Z Z YM(cos, ) TuTry }'M*(cos 9, )
M M ——
=Pmm’

Spin-Density Matrix p
@ Complex-valued matrix

@ Hermitian matrix: pT = p = real-valued diagonal elements
@ Positive semi-definite = all eigenvalues are non-negative
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Spin-Density Matrix Elements Jefferson Lab
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Vector Meson Photoproduction

Schilling et al. [Nucl. Phy. B, 15 (1970) 397]

3 0: unpolarized
I(cosd, o, ®) = I(cosd, ) + » _ PST*(cosd, ) with 4 1,2: linearly polarized
a=1 3: circularly polarized (only GlueX Il & 11I)

3 /1 1

7%(cos 9, p) = e (5(1 — pgo) + E(Spgo — 1) cos® ¥ — \/ERep?o sin 21 cos ¢ — p?_1 sin® 9 cos 2;)
3

7' (cos¥, ) = yym (p}1 sin? 9 + P(1)o cos? \@Replo sin 29 cos ¢ p1_1 sin® ¥ cos 2;;)
3 .

T?(cos ¥, p) = yym (\/élmpfo sin 29 sin ¢ + |mp$_1 sin ¥'sin 2,9) /

@ Full angular distribution of vector meson photoproduction
is described by spin-density matrix elements p;;

@ Linear beam polarization provides access to nine linearly
independent SDMEs

@ |Intensity Z is expressed as function of angles cos 9, o, ®
and degree of polarization P~
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Helicity Conservation Jefferson Lab
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s-channel frame (T t-channel frame -
k N5k b g
—/ -
s-channel helicity conservation t-channel helicity conservation

(SCHC) (TCHC)
@ Helicity transfer from beam to vector meson @ Helicity conserved by exchange particle
@ Evaluated in helicity frame @ Evaluated in Gottfried-Jackson frame
@ All independent SDMEs are zero except @ Allindependent SDMEs are zero except

/)1 1= 7|mp$ 1 =05 /)1 1= 7Im/)$ ;=05
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Extraction of SDMEs from Data Jefferson Lab

g q 3 q ®Thomas Jefferson National Accelerator Facility
with Amplitude Analysis Technigue

Extended Maximum-Likelihood Fit 3, 25
events . :§ 20 nd
InL = Z InZ(7;) — / dQZ(r)n(r) 8 5
i=1
S~ Normalization Integral
Experiment

@ Choose SDMEs such that intensity fits the observed events

@ Normalization integral evaluated by a phase-space Monte Carlo
sample with the acceptance 7(7) = 0/1

GlueX Analysis Strategy

@ Improve theoretical description of photoproduction process
@ Understand and evaluate detector acceptance
@ Prerequisites for amplitude analysis of possible exotic signals
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Systematic Studies

Jefferson Lab
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Example: orientation of polarization plane

@ |Initially observed strong dependence on beam
polarization orientation

@ Led to improvements in track reconstruction
and MC description

@ Combined fit of 4 orientations for final result

Other examples for validation:

@ Comparison of different datasets
@ Consistency between decay modes
@ Model expectations
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p(770) Meson SDMEs Jefferson Lab
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Parity-Exchange Components Jefferson Lab
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Parity-Exchange Components Jefferson Lab

®Thomas Jefferson National Accelerator Facility

3 0.2, = 0.2 .2 02 - 0.7,
= T St aan vy B & <
0.1F e e 0.1F 0.1 0.6F
ol 2 g 1.u.—l——F_L 0 FIEE N . ol »,-.-‘X"+++++ 05 ¥ Lt
LS T
-0.1- -0.1F -0.1- 0.4F
~ . ~ @ Natural parity exchange
0% 02 04 06 08 1 % 02 04 06 08 1 % 02 04 06 08 ;1 C°% 02 04 06 08 .1 ral parity 9
-t(Gev?) -t (GeV) -t(Gev?) -t(GeV) dominates across t range
502 = 0.2 202 5= 0.2
aQ o a o . A
o , ok o o @ s-channel helicity almost
Py BT et e el - . e e e exactly conserved
0 ot U e S ! 0 g gt Of— i ==
-0.1- -0.1F -0.1 -0.1-

0257504 06 08 1 % 02 04 06 08 1 C% 02 04 06 08 1 " 02 04 06 08 1
-t (GeV?) -t (GeV?) -t (GeV?) -t (GeV?)

gesilo (aaustreg@jlab. MEs at GlueX



®Thomas Jefferson National Accelerator Facility

J/Y Photoproductlon at Threshold Jefferson Lab

@ Electron identification: £/p in calorimeters, pion background suppression by 10—
@ Kinematic Fit with 0.1% precision on photon beam energy
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J/Y Photoproductlon at Threshold Jefferson Lab
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Invariant Mass of e*e” [GeV]

@ Electron identification: £/p in calorimeters, pion background suppression by 10—
@ Kinematic Fit with 0.1% precision on photon beam energy
@ Cross section normalized by non-resonant et e~ production (Bethe-Heitler)
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J/¢ Cross Section with GlueX-I Data

doldt [nb/GeV?)
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Jefferson Lab
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@ About 2000 J/¢ signal events, precise measurement of do/dt
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@ Results relevant for fundamental properties: proton mass, gravitational form factors, scattering length
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J/1 Cross Section with GlueX-I Data Jefferson Lab
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@ About 2000 J/% signal events, precise measurement of do/dt
@ Results relevant for fundamental properties: proton mass, gravitational form factors, scattering length
@ Possible evidence for contribution from open charm production

= Angular distributions will distinguish between production models
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J/p Decay Jefferson Lab
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J/1p Polarized SDMEs
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Integrated over E., and ¢
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@ Data appears to be consistent with TCHC and disfavor SCHC (p(‘)o unphysical), but large uncertainties

@ Full GlueX-1l and GlueX-lll data sets are expected to improve precision substantially
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J/4» Unpolarized SDMEs Jefferson Lab
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Summary Jefferson Lab
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Status of the GlueX Experiment

@ Full data set for initial phase of GlueX available and under active analysis
@ |deal for high precision measurements of light meson photoproduction
@ GlueX Phase Il in process, Phase lll scheduled: world-leading dataset for J/+ photoproduction
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Summary Jefferson Lab
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Status of the GlueX Experiment

@ Full data set for initial phase of GlueX available and under active analysis
@ |deal for high precision measurements of light meson photoproduction
@ GlueX Phase Il in process, Phase lll scheduled: world-leading dataset for J/+ photoproduction

Extraction of Spin-Density Matrix Elements for Vector Mesons

@ Understanding of polarized photoproduction mechanism necessary for light meson spectroscopy
@ Robust amplitude analysis framework, scales up to large data sets (e.g. >100M p(770) events)

@ Improve description of detector acceptance and systematics
= Comparison with previous measurements and models
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Summary Jefferson Lab
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Status of the GlueX Experiment
@ Full data set for initial phase of GlueX available and under active analysis
@ |deal for high precision measurements of light meson photoproduction
@ GlueX Phase Il in process, Phase lll scheduled: world-leading dataset for J/+ photoproduction

Extraction of Spin-Density Matrix Elements for Vector Mesons

@ Understanding of polarized photoproduction mechanism necessary for light meson spectroscopy
@ Robust amplitude analysis framework, scales up to large data sets (e.g. >100M p(770) events)

@ Improve description of detector acceptance and systematics
= Comparison with previous measurements and models

[=] 9 [m]
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Thank you!
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J/1p Cross Section at Threshold Jefferson Lab
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J/ip Cross Section at Threshold
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Energy dependence probes

@ Production dynamics

Brodsky et al. [PRL 498 (2001)]

@ Gluon distribution in proton

Kharzeev et al. [NPA 661, 568 (1999)]

Search for Resonance in J/vp
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LHCb, PRL 122, 222001 (2019)
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@ No evidence for P] states
@ Model-dependent upper limit for JPC = 3/2

State | BR (90% CL)
Pl (4312)3/2- <2.9%
P/ (4440)3/2- <1.6%
7 -’/'f/ P} (4457)3/2- < 2.7%

@ Disfavors hadrocharmonium and some
molecular models
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JPAC, PRD 94, 034002 (2016)
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SDME Mass Dependence Jefferson Lab
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