Exploring the meson spectrum with 37 photoproduction and the search for the exotic
hybrid meson 71(1600) at the GlueX experiment
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Building blocks of matter - Light hadrons men RUB
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Exotic mesons oweer R

= Quantum numbers: J =L+ S, P=(-1)"", C= (-1

= QCD allows other color neutral configurations beyond qg states

Conventional Tetraquarks Molecules Hybrids Glueballs

= Hybrid mesons — test gluonic degrees of freedom of QCD
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Exotic mesons owvee R

= Quantum numbers: J =L+ S, P=(-1)"", C= (-1

= QCD allows other color neutral configurations beyond qg states

Conventional Tetraquarks Molecules Hybrids Glueballs

= Hybrid mesons — test gluonic degrees of freedom of QCD
= How to identify hybrid mesons in the meson spectrum?
= Spin-exotic: JP¢ =0t~ 1=F 2t~ 3=+ (forbidden for qg states!)
— "Smoking gun” for finding evidence for exotic mesons!

= Experimental confirmation of exotic mesons is an essential direct test of QCD!



Predicted light meson spectrum - Lattice QCD aveerr RUB

3000
neg. parity pos. parity spin-exotic
- - -
-
- - - o
2500 - il ol | -
5
L] 4 e - - - _ = mm
B = = B . g ===
-— gy = gt
‘ - . = - g+t 4+ P -
- - - . - .
—— —
Z = 3
= = -— 2 27+ pC
~ —_ — J
£ os00| = - —
1= 9++
1
1000 - 7/ mm= - mx = 392MeV
= 2% x 128
1 {
n— isoscalar 1l
500 o isovector [l

0+
[HadSpec: J. Dudek et al. PRD 88 094505(2013)]



Predicted light meson spectrum - Lattice QCD aveers RUB
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Predicted light meson spectrum - Lattice QCD mesn RUB

BOCHUM
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Goal of the Emmy Noether project mmer R

Goal:

= New insights into the meson spectrum with unique,

unexplored production mechanism

s
| = Confirm m(1600) through decay mode: 71(1600) — pm — 37
1
' 75, P, . = Explore the meson excitation spectrum via 37
: + photoproduction with the GlueX experiment:
T = yp— AttrtaT oo
NG » yp = Attt 070

» High statistics ~ 10 x 10° events already available



Goal of the Emmy Noether project mesn RUB
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The GlueX experiment at CEBAF (Jefferson Lab) e

Jefferson Lab in Newport News, Virginia

s
uoes
o
e na
o
ey
o USA “
ntosspots
s
L esi
Ibuguer 2

A e s

a P
sz
3" o
A
O =
% A g
23 i
the :




Jefferson Lab in Newport News, Virginia CEBAF accelerator
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The GlueX experiment at CEBAF (JLa
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= Coherent Bremsstrahlung on diamond radiator
= Beam intensity: 1-5x1077/s in peak

Polarization

Linearly polarized photon beam
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— Gives insight to production processes

Experiment is optimized for light meson
spectroscopy

= GlueX Phase-l completed (fL = 125 pb™! in coherent peak), Phase-Il: ongoing, 3-4 x Phase-I data



37 photoproduction off a AT* - Analysis approach SnErsiT
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37 photoproduction off a AT* - Analysis approach
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37 photoproduction off a AT* - Analysis approach
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37 photoproduction off a

ATt - Analysis approach
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Study of charge exchange mechanism vyp — 7~ At — n—ntp
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Analyzing decay angles of A™" — pr™ gives access to Spin-density matrix elements!




Study of exchange mechanism with SDMEs in vp — n~ ATt — 7= xtp mesn RUB

* Spin-density matrix elements (SDMEs) pf describe full angular distribution of A" production and decay
= Linearly polarized beam provides access to nine linearly independent SDMEs
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F. Afzal et. al. (GlueX), arXiv:2406.12829
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Spin-Density Matrix Elements in AT* production s

. o .
By A oF D |Eaw = First precise determination
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= Separation of unnatural-parity (U) and natural-parity (N) exchanges
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F. Afzal et al. (GlueX), arXiv:2406.12829 — JPAC: Phys. Lett. B 779, 77-81 (2018)
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= JPAC model: 7 (a2) is the dominant unnatural (natural) exchange

= Important for charge-exchange reactions e.g. vp — n'mATT, vp — 3rATT
1
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Next step - Analysis of Attr— 7

0

= Focus on p~ — 7 7° recoiling off AT*

Increase complexity — Important also for m1(1600) search in n'm~ A"
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— Disentangle resonance contributions — e.g. excited p states
— Important step for developing and testing analysis tools
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Analysis of AT*37

Exploring the meson spectrum with 37 photoproduction
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= The GlueX experiment has acquired an unprecedented polarized photoproduction dataset and the meson
spectroscopy program is well underway
= Emmy Noether research project provides

= Unique opportunity to explore meson spectrum with 37 photoproduction
= Possibility to verify the existence of spin-exotic hybrid meson 71 (1600)
= |mportant direct test of QCD

= Project will deepen our understanding of QCD in the non-perturbative regime

= | look forward to having my own research group within the excellent environment at RUB

Thank you!
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