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Overview

* Hadron Spectroscopy

%  GlueX experiment

s Understanding production mechanisms

% Near threshold J/y photoproduction + theoretical

developments



Hadron Spectroscopy

* How does QCD relate to the
confinement of hadrons? 06
>  Millennium Prize ~ SIM prize

 Experimentally map the spectrum of mesons baryons
hadrons

% How does gluonic degrees of 00 0
freedom contribute to this spectrum? 00 (9]
* Properties of predicted states beyond

mesons and baryons? pentaquark  “hybrid” meson



GlueX

O/
L 4

O/
L 4

L 4

L 4

Forward Calorimeter

Photoproduction by coherent Timeof Elight
bremsstrahlu ng Barrel Calorimeter

Full acceptance and Start Counter

reconstructs all final state Target

particles

GlueX phase 1: Integrated Photon Beam

Luminosity: 118.2 pb™! Nagnet Forward Drift

Chamber

82-88 Gev Eleézgonq Central Drift

Chamber

Primary Goal: study
confinement by mapping the
spectrum of hybrid and exotic
mesons

Solenoid

Radiator



L e B I L L L L

e iER
P h Oto N Linearly polarized & ¥ } e |
photon beam! o 0'231 ’ b j E
. Data taken in 2 pairs of ~ ° h&{ﬂﬁ} ‘ {+* ﬁ} {M %
B ea m ll n e orthogonal orientations o N { ME
~40% Polarization in 0 ‘.‘. *7.7 e
Coherent peak 8 8.5 9 9.5 10 10.5 Eyzéev)
Photon Tagger Pair Spectrometer
Triplet Polarimeter -
North LINAC .""“"l"“‘,
: : | Akl Photon
i \ Beam Dump
Diamond Radiator  Electron Collimator GlueX
East ARC Beam Dump  select ©<25 ur  Spectrometer

polarized photons



Production Mechanisms

O/
0’0

~0(10% times more data than previous experiments (i.e. SLAC)
Physical observables accessible by using beam polarization
> Beam Asymmetry >
m 4 publications more in progress
> Spin Density Matrix Elements
m Measurement of p,w,p SDMEs publication soon
% Gives a handle on the naturality of the exchange
> Input to hybrid searches
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Deck Process

7/

s Strong evidence for exotic hybrid meson in the nit channel seen by
previous experiments (i.e. COMPASS, CBAR),

> asymmetry in the production between n/m at the top vertex can
mimics exotic signal

0 n 1
p w
70 T
w [) n
p p ATT
Neutral Channel Charged Channel

s Develop double Regge exchange model in collaboration with Joint
Physics Analysis Center (JPAC)

% Measure ) at the top vertex compare with predictions
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Near threshold J/p photoproduction

\/
X4

If there are no rescattering effects

LHCb pentaquark should be seen in

s-channel photoproduction

Near threshold

> all valence quarks should
participate

> trace anomaly - fraction of
nucleon mass from gluons
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Phys. Rev. Lett. 123, 072001 (2019)
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% First measurement of J/y photoproduction cross section near threshold
% Set model-dependent upper limits on branching fractions of LHCb PC+ states
% Expect bx data with GlueX phase 1
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Trace anomaly parameter
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Charge radius ~ 0.8409 +
0.0004 fm
More statistics near threshold
will lower systematics
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https://arxiv.org/abs/2102.00110

Looking Forward

s Understanding how QCD gives rise to the properties of hadrons
> Spectroscopy
> Cross section measurements
* GlueX - high statistics photoproduction with polarized beam
> Polarized beam -> Information on production mechanism
> Access to charm physics near threshold
m Interesting physics with current measurements

m bx data with GlueX phase 1 is under analysis
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Backup



Spin density matrix elements

% Fully describes angular distributions of vector
meson production and decay

% Linear polarization gives access to 9 SDME

% Test of machinery: same tools to extract !
signals of exotic hybrid mesons

% Limited photoproduction data

SLAC GlueX 1
yp = pp ~3.5 kevents ~200 M events
yp = wp ~1.0kevents ~25Mevents @ — ntx 7°

yp — ¢p ~150 events ~1.8Mevents ¢ > KK~




>

\ustreges

lo Menu 2019

0 gesi 0
Poo Repss
0.5 0.5]
04F 04F
03f . 03f
- 7 -
02f . 02f -
0.1 0.1F ——
0 ot et
b oy GLUE
-0.2F -0.2F
-03F -03fF -
—o4f ok Preliminary

[ PUY DPUTY POVY POPUY FPURY FUUTY (YOTN PPN |
_0% 0.1 0.2 03 0.4 05 0.6 0.7 0.8 0.9

-0 { PR /U [NV [P O, PSR DU (R |
0 0.1 02 03 04 0.5 0.6 0.7 0.8 0.9

-t (GeV?/c?) -t (GeV/c?)
1 1
Py Poo
.5 0.5
0.4F 04F
0.3F 03F
0.2F 02F
0.1F 1 0.1
R e 5
0 7 Rl 0| 7 =
-0.1 i T E - —0.1F e
= e
-02F —02F ~
-03F -03F
-0.4F —04F
_0 5 1 1 1 1 1 1 1 1 1 _0 1 1 1 1 1 1 1 1 1
D 0.1 02 0.3 0.4 0.5 0.6 0.7 0.8 0.9 D 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
-t (GeVZ/c?) -t (GeV?/c?)
1 2
p1-1 Impﬂ)
1 0.5
0.9 04F
0.8F 03F
0.7F 0.2F
O 3 ,“,;‘:tapm;{:::'-
I Ental
0.5 OF ey
0.4F % g —0.1F
03F N -02F
0.2F -03F
0.1F —04F
1 1 0. 1 1 ik

0 [TPOPY FPOTY PO PYVRN PRPIY PUPH |
0 0.1 0.2 0304 05 06 0.7 08 0.9

-t (GeV?/c?)

5 (PPN FVPT TPRNE PO PPV |
"0 0.1 02 03 04 0.5 0.6 0.7 0.8 09

-t (GeV?/c?)

0
Pia
0.5
—— SCHC
04 = = JPAC Model
03 ~—4— GlueX 2017
02¢ —+4— SLAC (Ballam et al.)
0.1
-0.1F +‘~;—_-_.
—
-0.2F
-0.3F
-04F
_0 1 ] 1 1 1 1 1 1 L
b 0.1 02 03 0.4 0.5 0.6 0.7 0.8 0.9
-t (GeV?/c?)
]
Repm
0.5
0.4F
0.3F
0.2F
0.1F
. ol

B3 e e
0 g "“~F~
* -

—0.2F e
—-0.3F
—-0.4F
03

TP FPPT FYVTI FEVIY IPTY TRV TPPTd FPo |
0.1 0.2 03 04 0.5 0.6 0.7 08 0.9
-t (GeVZc?)

0
0.1
-0.2F %
0.3 -,

—04F ] I a7 "*"{"'*'
—O.SW

—0.6F 4

—07F |
—0sf
—09F

_ [TV PPPIY POV FRVEY FYPTL PPV TPPTL POV |
]0 0.1 0.2 03 04 0.5 0.6 0.7 08 0.9
-t (GeVZ/c?)

Preliminary p
SDME

16



Parity
Asymmetry

GlueX 2017 ~ 17% of phase 1
Expect high statistical precision
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