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Introduction

* QCD gives rise to spectrum of hadrons
# Many gg and gqq states have been observed

* 949949, 99944, ... are not forbidden!

A SCHEMATIC MODEL OF BARYONS AND MESONS *
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... Baryons can now be
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constructed from quarks by using the combinations
(@aq), (@aaqd), etc., while mesons are made out

of (qq), (qqqa), etc. ...

Phys. Lett. 8 (1964) 214

» qqg are also allowed!
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* 80 are g-only states
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Hybrid mesons

* main objective for GlueX:

Search and study of hybrid mesons

* In quark model:

J=TL +8, P=(=D"* C= (=S ‘

— not allowed: 7

FE{f O Lo

» “Exotic” quantum numbers are “smoking gun” for
something not being pure gg



« Experimental evidence fora 17

» 1,;(1400): GAMS, VES, E852, CBAR, COMPASS

« m(1600): VES, E852, COMPASS

« JPAC coupled channel fit to #z and 1’z data from COMPASS
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* Photoproduction complementary to

Towards hybrids at GlueX

y(p,o,,...)

pion production

» Utilize polarization to understand
production mechanisms

P

* Study production mechanisms to inform choice of wave sets for PWA

(beam asymmetries, spin density matrix elements)

» Focusonnrand n'w

* Look at different production and decay mechanisms

* Work closely with theory colleagues to tackle model complexity




CEBAF at Jefterson Lab
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“ up to 12 GeV electron beam

* high luminosities for Hall A /C (high

+ CLAS12 in Hall B

* GlueX in Hall D

CEBAF at Jetterson Lab

resolution spectrometer)

* Focus on exotic hybrid mesons
BUT:
Large data set available to study wide range
of reactions
g M




GlueX 1in Hall D

Nucl. Instrum. & Meth. A987, 164807 (2021)

“ produce linearly polarized photon beam via
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Hybrid search in nr
« JPAC coupled channel fit to #z and 1’z data from COMPASS

» GlueX has access to different decay modes in multiple final states
> Yp > NEp, N Y o yp = num AT, - ataa

& 0

c yponap, Nt ¢ yp o At n > yy

c yp = n'n’p, ' = ataTn, n > yy v yp > p'n AN, ' > atan, n > yy




Spin density matrix elements

7% T
| T
+ SDMEs p; contain information on the spin-

polarization of the produced state

* Measure angular distribution of decay products

* Learn about production mechanism

+ Study the naturality n = P(— 1)’ of
the exchanged particle X

1 [ /1
w = L[ (E ~ p<1)1> sin”(0) + pJ; (1 +3cos(6)) — 2v/3 (Re(p3;) cos() sin(20) + Re(pg_l)cos(2cp)sin2(9))]
Wi = — [3pk sin?(8) + ply (1 + 3cos2(6)) — 2v/3 (Re(pk;) cos(i) sin(26) + Re(p}_y) cos(2) sin(0))

1 -
Wy = — 23 (Im(pgl)sin(cp) sin(26) + Im(p5_ ;) sin(2¢) sin2(9))]

W = Wy — P4 cos(20)W; — P~ sin(29) W,

Phys. Rev. C 105, 035201 10



A++(1232) SDMEs
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Towards a PWA in nz” - a,(1320) cross-section ., v s

First look at PWA in yp — na° p 0.1<~t<0.2 GeV?
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7, (1600) upper limits
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https://arxiv.org/abs/2407.03316

7, (1600) upper limits

Fit M(wrr),_, < 1.6GeV/c?

Fix a, size to measured cross-

section adjusted with known
BR

71 BR from lattice

Only free parameter is 7,
normalisation!

7y upper limits similar in size
to a, cross-sections
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A(1405) line shape measurement

K+
}, ol }/ 1 =
% . Excited A with J* = —
’ 0 2
: / Y
'K e + A(1405) - 27
. * Previous measurements (e.g. COSY-Jiilich or CLAS)
A(1405) Y G :
D show very clear non-Breit-Wigner line shape
ZO T

{ ) “ Interpretation under active investigation
A /

\P * Many theory models find two-pole structure:

A(1405) = X%7° (I = 0) is free not just one state

from 2(1385) background + Recent PDG addition: ™ A(1380)

16
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R. Schumacher
(NSTAR2024)

combined fit of 2’7" and pK~ data

K-matrix fit with 2-pole ansatz for

A(1405)

convolution with experimental
resolutions

very good agreement for A(1520)
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R. Schumacher
(NSTAR2024)

combined fit of 2’7" and pK~ data

K-matrix fit with 1-pole ansatz for

A(1405)

convolution with experimental
resolutions

poorer fit than 2-pole ansatz,
especially in the threshold region



Cascades at GlueX

Only six well known states (>3***)
Would expect as many =Zs as N*s and As

Not many photoproduction experiments
have been performed so far (S = — 2)

GlueX with its good charged and neutral
final state particle coverage could help here

Ditficult analyses due to many final state
particles

19

A~ A’O A"" A'H'

2— 20 ° 2+

B4
Y,

Overall — Status as seen in —
Particle J¥ Status =1 AK YK Z(1530)7
=(1318) 1/2+ RAX
5(2_530) 3/2+ 3k 3k % %k >k %k
=(1620) " *
=(1690) ko k kkk  kok
=(1820) 3/2 %k k % kkk  kk * %
=(1950) ko k %k k% *
=(2120) * *
=(2250) o
=(2370) ¥
=( ) * = *




Events / 3.67 MeV

Cascades at GlueX
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LHCDb sees pentaquark signal in
Ag — JIypK~

GlueX can search for s-channel
production

Study production mechanism of J/y
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LHCb, Phys. Rev. Lett. 122, 222001
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Dip at ~9 GeV has 2.6¢ significance
(with look-elsewhere-effect 1.30)

JIyp

" + exclusive reaction
W‘MM

GlueX, Phys. Rev. C 108, 025201 (2023)

measure leptonic decay yp — Jyp — e"e p

- normalise cross-section to non-resonant e e~
production (Bethe-Heitler)
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= = = GPD and LQCD (Guo, Ji, and Liu)
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Wp GlueX, Phys. Rev. C 108, 025201 (2023)

s | A S +:t| + Du et al. propose production through A .D and
I~ & Bk KON et s Ay P A G e = =
§ 1E + _______ _f_._% = ACD k
w e S R MR \
T : ; T "‘/"_T_‘ +
S . gl “ (Generate cusp structures
3
L * JPAC describes data well with small number of
— L partial waves enforcing low energy unitarity
B e e M.:-L.Duetal.(g__ =10 GeV) . . - :
L T R e — factorization violation JPAC, PRD 108, 054018 (2023)
e O e N N e = 5
ST R Y e T R SR T R LT T BN 81036 GeV < E, < 1144 GoV
E [GeV] o= —©—928 GeV < E < 10.36 GeV
S EESRY A o
M.-L. Du et al. Deciphering the mechanism of near-threshold J/y ‘g‘ - \ Al s
photoproduction. Eur. Phys. |. C 80, 1053 (2020) % B ‘,\‘.
: . S L &
« Flattening of do/dt in lowest energy range Rt : \&-
+ Indication of s- or u-channel contribution? E : \\
102 §_ \*\i
* Need better understanding of production : I
mechanism — L
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Summary

Acknowledgments:

0

GlueX has a unique data set with unprecedented y(p, @, 9,...) d,
statistical precision in its energy range

Start with studying production mechanisms gluex.org/thanks

(SDMEs) and develop PWA in parallel

7,(1600) upper limits, guide for future searches Coaes e

Many more interesting analyses in the

pipeline and room for other physics R SRR

Time of Flight
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Target DIRC
“ cascades
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\

Central Drift
Chamber
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Light quark mesons from lattice QCD

hadspec collaboration
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27

exotic

r

my, = 392 MeV

243 x 128
! s
isoscalar B

isovector

hadspec, Phys. Rev. D 88, 094505




hadspec collaboration hadspec, Phys. Rev. D 103, 054502
Zi L
600 |-
400 by
200
30 - f1(1285)7
20 e —
pT
/
n T
K*K
nm
1500 1550 1600 1650 mpg / MeV

+ LQCD indicates that b is the dominant decay mode
“ Experimentally challenging

+ Start with nz, n'n
* Smaller expected branching ratio but large statistics

* Narrow peaks and pseudo scalars
28

1=*hybrid from lattice QCD



yp = 1~ ATT(1232)
> TP

A++(1232) SDMEs
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Hybrid search in nz

COMPASS, Phys. Lett. B 740 (2015) 303-311
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Cascades at GlueX -

R
WWWWWM " 700 —0 +
| ='(1315) >
i 1 AT
E!Z*/A*(KSO 0 600 =
p =0 T
(1315) A p ~500
S
S Gusx
2 A relim
* We see both ground states c %% Preliminary
5200 et 50% of GlueX-I
* Measure cross-sections for =
= 200
+ Less stats for Z' but clear 100
signal I |
. 128 129 13 131 132 133 1.34 1.35

n°A (GeV)
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Further Cascades at GlueX

B. Sumner (GHP2023)

Counts
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Further Charmonium states

Small number of y., and y .,

Even a few y/

L. Pentchev, DIS2023
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o ¥.1(3511)and y,.,(3556), 17" and 27" (1P),

E;h’ = 10.1 GeV
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