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Hadron Spectroscopy and Photoproduction

* Photoproduction is an interesting
process to search for exotic hadrons

y X tetraquark hybrid meson
(P,w,P) — * Photon provides well-defined
= initial state, interacts through VMD

* Photon polarization provides
P(0++), (0-+), constraints on production

p(1-), ... processes, probe of hadron
properties

* Photons couple to proton through
exchanged QNs,
p,N,... can produce mesons of any JPC
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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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Hybrid Mesons

HadSpec: PRD 103, 054502 (2021)

T;/MeV

* Long history of search for “hybrid”

//,//Zb mesons with gluonic excitations
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1  Best evidence is for 7;(1600) in

Ty couplings COMPASS pion-production data

* Recent evidence for n+1() from BES-IIl in
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e Yoy [arivi2202.00621)
3 GeV  Need to confirm 7; and n+ and establish
exotic the full light quark hybrid spectrum —
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Searching for Exotics in Photoproduction @ GlueX

-+ Detailed understanding of light-quark meson spectrum requires

amplitude analysis. Beam Asymmetry X

(m%/n)p: Phys. Rev. C95, 042201 (2017)
(n/n’)p: Phys. Rev. C100, 052201(R) (2019)

‘ Collect Data K*Z0: Phys. Rev. C101, 065206 (2020)

mA+: Phys. Rev. C103, 022201 (2021)
K+A(1520): sub. to PRC
More coming...

SDMEs: p, w, ¢ in progress
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Searching for Exotics in Photoproduction @ GlueX

Detailed understanding of light-quark meson spectrum requires
amplitude analysis.

4000‘a0 g ; a2

‘ Collect Data

Counts /10 MeV

2000

e ‘*\
- A
’.J’."|‘.‘.\.‘.‘|.H.|‘.H\.

F h1(1595)’?l

w A Ypownp

C 0014207 1650}

Combos / 12 MeV
By
o
o
o
{

3000 f— ' | Q-factor weighted .

12 14 16 18 2 22 24 26 28 3| 3.2
Mass[on] (GeV)

S. Dobbs — Hadron Spectroscopy (MITP) — March 22, 2022 — Recent Results and Future Prospects From GlueX



Searching for Exotics in Photoproduction @ GlueX

Detailed understanding of light-quark meson spectrum requires
amplitude analysis.

‘ Collect Data ‘

l

Start with nn%/n'n® before moving to more complicated final states
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GlueX: High Statistics Photoproduction Data
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GlueX has collected orders of
magnitude more data than previous
experiments at Ey = 9 GeV

« > 5 times more n()rtthan COMPASS
— amplitude analysis underway

 Hybrid search range allows searching

do/dt (nb/GeV?)

for strange XYZ partners
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nm Amplitude Analysis at GlueX

rm / ™m' “golden channels” for 1y search: GlueX-I Data
small b.f. but experimentally clean 01<—1<03 GeV?2
Odd L m() — exotic JPC : : -
» t
Study known ao/az in Tm (focus here) 20 ;
Apply analysis to rm’ with stronger 1 oo " P'O
- by —
Can study several channels e S R
0 soof + Hn—=vYy
Yyp — nwp -
Yp — ﬂﬂ_A++ T 15 ‘“é‘h 2.5 3
Control understanding of production " )
with multiple 1 decays 32000
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+_—_0 "6000 s AT
n—>nnn o Yp Z—w;f
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0 T——
and backgrounds vas 2 gs 3
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nmt Amplitude Analysis at GlueX

+ Clear signals at ap(980) and a2(1320) masses
- Different angular dependence — different dominant production wave

D1 fornr, D2 for nro 01 < —7<03 GeV2
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nmt Amplitude Analysis at GlueX

- Clear signals at ao(980) and az(1320) masses
- Peaks have different t-dependence

0.1 < —1<0.3 GeV? 03 < —1<0.6 GeV? 0.6 <—1<1.0GeV?
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Fit to GlueX data for yp — mrop [0.1 < —7<0.3 GeV7]

Preliminary fit to data allows us to start
understanding features

Combined fit to all polarization orientations

with new photoproduction model
JPAC: PRD 100, 054017 (2019)

Waveset based on TMD model
JPAC: PRD 102, 014003 (2020)

S+, DT, Dli, D2+D__1

Large S-wave contribution
Non-resonant? ag’s?

Clear signal in m=+2 D-wave [a2(1320)]
Dominant p/@ exchange
Similar to helicity-2 dominance in
Yy — mtO at Belle

Systematic studies of wavelets, leakage,
ambguities, etc. ongoing
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Fit to GlueX data for yp — nz~A™" [0.1 < — 1< 0.3 GeV?]

x10°

Combined fit to all polarization orientations

with new photoproduction model
JPAC: PRD 100, 054017 (2019)

Large S-wave contribution
Strongest in apg(980) region

Counts/40 MeV

Clear signal in m=—1 D-wave [a2(1320)], =
negative reflectivity > 18
; = 14
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Near-term goal: a2 production studies _ % e Dy = e Dy

Understand other processes which
could generate asymmetry, e.g.,
baryon prod., Double Regge exch.
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Study of b1(1235) at GlueX

- LQCD predicts dominant 3 G\~
deCay to be bﬂ-[ (_’ 5]-[) %400002_ Preliminary
* First step: understand b L‘.‘;’—
production and decay to wrt -
» Also search for excited vectors -
and others

« Extend analysis to other VP M) (GeV

< 1.7@
channels (wn, ¢, ¢n, ...) s B Guiy"| 3%
S 16 retimron; |8 300
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Study of b1(1235) at GlueX: S/D ratio

* Can use amplitude model for VP HadSpec: PRD 100, 054506 (2019)
photoproduction to measure ratio of LcaD: |D/S| = 0.27(20)
D/S amplitudes in b1 = wrt

* First test of model finds good fits with 1+ and 1- waves near by peak
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A(1405) in Photoproduction

A(1405) lies just below KN SHE I | W=210Cev.
threshold ﬁ 3 ~*+ E, = 1.88 GeV|
=0 JP=1/2- S,
Decays to 2 = AR
Lineshape not simple B-W o1 o /0 olTh |
Nature of state has been long ° % WU :L
discussed O 55 14 145 1 5
2 poles? >t Invariant Mass (GeV/c)

Something else?

: y .
Current lineshape studies limited f‘%@ ,,,,,,

by knowledge of 29 channel K

y
,/
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Pure =0, no 2(1385) bkgd. ' .
~ Y * N\
P >

PPNP 120,103868 (2021)
EPJST 230, 1593 (2021) CLAS, PRC 87, 035206 (2013)
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A(1405) in Photoproduction @ GlueX

Mass spectra shown for A& T
20% of GlueX-I data in g _
yp — K+ 2010 N
Yields shown in 3 t-bins without T
acceptance correction 3 ]
Clear A(1405) and A(1520) signals 5

With full GlueX-I data, we can study Ey

and t-dependence of lineshape using Moo
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Charmonium Photoproduction Near Threshold

Production of cc near threshold probes
the distribution of gluons in the proton
and the nature of the proton mass

Can also look for s-channel production
of resonant states
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Published GlueX J/{p Photoproduction Results

1001Number of JI P =469 +22
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Interpretations of GlueX J/{p Photoproduction Results

Kharzeev, PRD 104, 054015 (2021) Du et al., EPJC 80, 1053 (2020)
do nb 2m—m-—>+r—+———"7""+—" 14F ;
d(—t)’ GevZz | Data : GlueX Collaboration | i Gmax=1.0 GeV
[ mg = 1.24 +£0.07 GeV | " [ Qma;x=1-2 GeV
1.5 R, =0.55+0.03 fm 5 1-0: :
1.0:— § 8]
[ 3 o6f
0.55_ ° 0.42
0.0: 1111111111111111 A o.oi
0.6 0.8 1.0 1.2 1.4
—t, GeV?
mass radius: Rm = 0.55 + 0.03 fm Implies dominance of open charm loops
charge radius: R = 0.8409 £ 0.0004 fm Higher precision data is needed
More data closer to the ! J /i
threshold is needed o
DU(A.) |
» Interpretation depends on o
understanding production
»

mechanism p// AZ(DO)}
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Projected GlueX-l J/ Photoproduction Results

ERRORS ONLY shown for 2D differential cross-sections

Estimated errors using full GlueX-1 data

e
= '
g_: ]Z 0,
; _’2 )
T § (), "
D (D
g 1 3 4’)‘
© 1 s
1072 =
. .—e—. GlueX prIished
10— ___________________ Brodsky et al. fit to GlueX data _
:::::::::::::::::::Eﬁ::::::::::::::::: —e—— GlueX anticipated stat. ® syst. errors |
SIPNY § PO T Lovopeeogecopenes | T | T | T [ogeeeeey teiqened] fooocpeegeeegeeene-.
8 8.5 9 9.5 10 IOES G VH 11.5
v e Estimated errors using energy

dependence from published results
and dipole t-dependence

Full GlueX-I run has 2k J/W, expect updated results soon!
GlueX-1l expected to provide additional 6k J/Y, results on Xc1, Y(2S)
Open charm final states difficult to observe, but possible
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Summary and Prospects

« Photoproduction is an interesting process to look for exotic hadrons —
crucial to confirm their production in new processes

* GlueX has collected the world’s largest photoproduction dataset

« First amplitude analyses of nrtand n'rtaim to identify the 1 in
photoproduction

* Analysis of wrtfocusing on study of b1 and p's

* Next step: apply techniques to other PS-PS, V-PS final states
* First detailed studies of J/y photoproduction near threshold
* GlueX-Il run in progress, planned to end around 2025

« Other approved experimental programs includes spectroscopy with
intense KL beam (=104/s), polarized target

« Spectroscopy of heavier states in photoproduction requires new experiments
* Proposed JLab upgrade ideal for X, Z states [white paper: arXiv:2112.00060]
 EIC ideal for Y states
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The GlueX Experiment: Photon Beam

Photon Tagger Pair Spectrometer
& Triplet\Polarimeter
12 GeV e- l v P X, “““““““ ‘:
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: . /om . Photon
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L E e T 3
. =y = 6000 — Diamond: PARA .
Photon beam generated via coherent T e : — Dismona: peRP
. . . c - — Aluminum -
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Energy measurement precision < 25 MeV

Photon linear polarization Py~ 40% in peak

0.2

0.1

Polarization

Intensity of ~1-5 X 107 y/s in peak




The GlueX Experiment in Hall D @ JLab

 The GlueX experiment is located in
Hall D, newly constructed as part of
the Jefferson Lab 12 GeV upgrade.

* Large acceptance solenoidal
spectrometer

* Linearly polarized photon beam
peaking at 9 GeV

* Detects all decay products from full
hadronic photoproduction rate

e 100+ Collaborators from 26 institutions
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Definition of Amplitudes

Described by three angles:
cos(), and ¢, in the N7 rest frame,
angle ® between polarization vector

and production plane

Amplitudes incorporate beam
polarization, are eigenstates of

reflectivity e = *1

Basis: Z;" amplitudes defined as Z;"(Q, ®) = Y, (Q)e **

I(Q,®) =2k) { (1-P,)
k

(1+P,)

S Y A Re[Z (2, ®))

L,m

S 1A Re[Z (2, @)]

£.m

2

2
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S mze (@, @))| +
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S 145 m[Z (2, @) }

£,m

Complexity: Positive and negative reflectivity, m = —![...l allowed

Frequent exchange with JPAC

Malte Albrecht (IU)
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Study of b,(1235) Decay: Example Fit

¢[rad ]

* GlueX Data

lFit Results
b, t [+1% (s+D) GI-UXE -~
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* Independent fits for each beam polarization orientation

e Inclusion of 1~ and 1" waves leads to good description of angular

distributions
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