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Confined States of Quarks and Gluons

)@

mesons baryons

glueballs hybrid meson

QCD predicts more types
of states than
just mesons & baryons

A SCHEMATIC MODEL OF BARYONS AND MESONS *

M. GELL-MANN
California Institute of Technology, Pasadena, California

... Baryons can now be
constructed from quarks by using the combinations
(qaq), (@qgqaqq), etc., while mesons are made out
of (qd), (qaqq), etc. ... Phys.Let.8 (1964) 214

Can we observe explicit
gluonic degrees of freedom
in nature’s bound states?
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LQCD Full Spectrum
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LQCD Full Spectrum

positive parity
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Roadmap to Exotics

* The path to exotics is quite complex
* Data processing (petabytes)

* Roadmap includes:

GlueX Reconstruction,
Analysis, and Simulation|
Framework

GlueX C

Systematics Task Forces

S. Dobbs +
8 Comitttees
I

Data Analysis Framework Review of the Strategy
SsanDekbe LUE for Searching for Exotic Mesons

Outline of Talks and Activities

Cross Section
Measurements

Validated Model for
Beam and Detector

Beam Asymmetries

>10 collaborators

direct path of publications: from results on beam asymmetries to first results on exotic hybrids

. . . . results on cross-sections results on
measurements of spin-density matrix results on cross-sections observables that and mechanisms of extraction of the first results on the spectrum
beam element measurements and mechanisms of characterize Double- b, photoproduction P-wave amplitude the exotic . in of hadrons,
asymmetries of for p, , ¢, and A(1520) a,(1320)* Regge production ‘and properties of in - and '’ c
i ducti - o photopi
meson production photop tion photop| tion of the ” system b, decays hybrid mesons
I I I A
° 4 A

0 SDMEs

A. Austregesilo
J. Fitches

® SDMEs using both
yn® and w'n®

M. Dalton

Alex Austregesilo

T
A. Austregesilo

KK,

Semi-inclusive Production
Asymmetries

Spin-Density Matrix Elements

$ SDMEs
N. Jarvis

e Partial Waves

Z.Baldwin

Extraction of SDMEs
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R Dotel Event Selection \ " P Y
. M. Khachatryan M. Khachatryan Km, Kn,ym, KK~
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Double Regge Modeling | =

L]
JPAC + R. Barsotti
r O S S e Ctl O n S Future Directions
Constraints and A* Decay\ Curtis Meyer
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- Event Selection ( b Amplitude Analysis | o Amplitude Analysis
A. Schertz k A. Schertz ) A.Schertz(?)

1"z Analysis
Malte Albrecht
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Typeface Legend: Graduate Student, Postdoctoral Researcher, Senior Scientist or Faculty



Jefferson Lab

CEBAF

5 new
cryomodules

" double cryo

‘ capacity

upgrade magnets

and power supplies
5 new cryomodules

upgrade
existing Halls

Upgraded: 12 GeV \

4th Hall: GlueX
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The GlueX Experiment
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The GlueX Experiment

Forward Calorimeter

I*I Time of Flight

Barrel Calorimeter

Start Counter

Target DIRC

Photon Beam

1;223::;% Forward Drift
Chamber
Electron _
Beam Central Drift
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The Photon Beam

Photon Tagger Pair Specirometer Ha" D
Triplet Polarimeter ,--X -------------- :
North LINAC | :
%_I_ Photon
: & Beam Dump
P Collimator GlueX
East ARC Beam Dump  select 9<25 ur  Spectrometer
o polarized photons
e Expected Flux
: : & 5000 |-
: § /| Flux on Tagger
E : B a0 -
s 5 : — |
: : | .
E i : l\._—- -
' 2000 - !l_q\l_ A
* Linearly polarized photons via coherent /| Flux on Target |
bremsstrahlung from diamond radiator 108 |- Polarized flux
L . 8 , . :
* Design intensity of 10” y/s in coherent peak )
between E, = 8.4 and 9 GeV 6 7 8 9 10 11 12
Photon Beam Energy (GeV)



The Photon Beam

Photon Tagger | Pair Spectrometer| Ha" D
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The Photon Beam
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The Photon Beam

Photon Tagger Pair Specirometer

| Triplet Polarimeter |-- R
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Reaction Mechanism

linear — - ,
polarization T, o,
G
= Exchange JPC
—_—— natural,
1 W, '0 > =41
1+_ b h unnatural,
> =—1
D D, A"", A+t

* Photon beam polarization filters the “naturality” of the exchange particle
* Reaction mechanism knowledge needed for PWA
* Beam Asymmetry, X: “low-hanging fruit”; detector acceptance cancels
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Reaction Mechanism

linear — . .
polarization ", & ’77/ This talk
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* Photon beam polarization filters the “naturality” of the exchange particle
* Reaction mechanism knowledge needed for PWA
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Beam Asymmetry, X

Direct-Fit Method yp — p(JZ'O, n,n')

pure sample of events, fit cos(2A¢) distribution  Azimuthal angie
Y, — FRY, B (P + Pp)zcos(2(p — ¢y)) %“
Y+ FRYy 2= (P + PpZcos2(p — ¢p))

P, | polarization values 0°/90¢, -45°/45¢°, Fy, - flux ratio

Decay Plane

Pol. Plane

Phys. Rev. C95, 042201(R) (2017) Phys. Rev. C100, 052201(R) (2019)
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Beam Asymmetry, X

Direct-Fit Method yp — p(JZ'O, n,n')

pure sample of events, fit cos(2A¢) distribution Azimutha'a(};:le
Y, — FRY” B (P, + P”)Zcos(2(¢ — ¢p)) é
YJ_ + FRY” 2 — (PJ_ + P”)ZCOS(Z(¢ — ¢O))

P, | polarization values 0°/90¢, -45°/45¢°, Fy, - flux ratio

Decay Plane

Pol. Plane

Phys. Rev. C95, 042201(R) (2017) Phys. Rev. C100, 052201(R) (2019)

Moment-Yield Method yp — ATz~

project the cos(2A¢) component, then isolate
the A++ contribution by its known line shape

Yy — Yl

'_ LUE
1000} J‘A*- G~

- (| 022 N Preliminary
yp — A™y

20% GlueX-l

Counts/10 MeV
(e))
o
o
|

D =

il yi 4yl Py vyl o+ vl
- (Yo + ¥Yo) + (Y5 + ¥j)

Ynl’” yields from moment-weighted cos(n¢) histos, n=0,2,4..

Phys. Rev. C 103, L022201 (2021) Mz0p (Gevic)
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Projected AX

Reaction is dominantly natural, 2, ~ 1
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b1 meson (wr spectra)

Exotics 71(1600)?, 71(2015), hg, by could potentially decay to by which
decays dominantly through b; — wm. Precise measurement of the m;
requires understanding the decay of the b; meson.

*Reported by E852, VES, COMPASS and CBAR 0
bReported by E852  yp — pb, — p(w)n’ = p(xtr~ )7V

History of the b;(1235) Photoproduction (from the 1980s) |

]
> L Omega Photon > ol SLAC-H
6" Nucl. Phys. B 243, 1-28 (1984) d" : hys. Rev. D 37, 2379 (1988)
X 300 |- ) :
S S sl M
: M| 3 .
o> 200 [— v !
= m M = ’ )\
9 100 |— T g 201 T
Ll LLl [
o 1 1 1 a 0 » P -
1 1.5 2 2.5 0 1 2 -3 4 5

M +r~ 7070 GeV M7Z+71'_7l'071'0 GeV
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Invariant mass

Yp — p(a))ﬂ — p(n'r ~7 7Y
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Cross Sections: oz

e BR=T; xI3.
» [1(w— 77~ 70) = 89.2%.
» [o(m% — 2v) = 98.8%.

@ Mandelstam-t:
(four momentum transferred)?
beam to recoil proton N

- (P7 - Pb1)2 - (Precoil o Ptarget)z- recoil N

* GlueX-l: 3 data-taking periods (2017-2018)
o this talk: preliminary total cross sections

* coming soon: differential cross sections
15



Total Cross Section: wr

t| > 0.25GeV?/c?

T
v 1'85— H‘Jﬁ O GlueX
¢ E M’}J‘WH by
:: wwﬂﬂ%ﬁw
15— W‘H*
oo GLUEX -
°‘4;_ Preliminary

Ebeam (GeV)
Errors: Statistical (50% GlueX- I) ® Systematics-Periods (~10%)



Total Cross Section: wr

t| > 0.25GeV?/c?

2
- = O GlueX
S
A Omega-Photon Coll. (1984)
25 e Barber et al. (1980)
¥ Aston et al. (1980)
2

Gui~ |

Preliminary |

ot
o

| I | l  _— | I 1 1 | ] l ] 1 1 1 l | 1 | | I 1 1 1 1 l 1 1 1 1 I |

5 10 15 20 25 30 35 40
Ebeam (GeV)

Errors: statistical (50% GlueX-l) @ Systematics-Periods (~10%)
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Summary & Outlook

e Gluonicfield excitation — complete spectrum of mesons.

* LQCD predicts hybrid multiplets; GlueX aims to map them.

e Channels: yp — [baryon=p, A, X][meson=x, K, 1, 17’, P]...
v Early physics publications: beam asymmetries.

e Coming soon: SDMEs, cross sections...— PWA.

® GlueX-ll: DIRC upgrade for improved K/m separation
® Other physics: Primakoff, pion polarizability, SRC, JEF, KLF.

hitp://gluex.org/thanks
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