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Confined states of quarks and gluons

Observed mesons and baryons well

(q q (g described by 1st principles QCD

But these aren’t the only states
mesons baryons permitted by QCD
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Confined states of quarks and gluons

mesons baryons

tetraquark  pentaquark

Observed mesons and baryons well
described by 1st principles QCD

But these aren’t the only states
permitted by QCD

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
(qqq), (@Qaaqqd), etc., while mesons are made out

of (qd), (@qq4q), etc. ...
Phys. Lett. 8 (1964) 214
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Confined states of quarks and gluons

Observed mesons and baryons well
@ @ @ described by 1st principles QCD
But these aren’t the only states
mesons baryons permitted by QCD
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Confined states of quarks and gluons

Observed mesons and baryons well
(q q (g described by 1st principles QCD

But these aren’t the only states
mesons baryons

permitted by QCD
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Confined states of quarks and gluons

Observed mesons and baryons well
@ @ @ described by 1st principles QCD
But these aren’t the only states

mesons  baryons permitted by QCD
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Confined states of quarks and gluons

Observed mesons and baryons well
@ @ @ described by 1st principles QCD
But these aren’t the only states

mesons  baryons permitted by QCD

tetraquark  pentaquark

manifest themselves in the bound
states we observe in nature?

Q . @ Do gluonic degrees of freedom

glueball hybrid meson

CIPANP 2018 Justin Stevens, WILLIAM & MARY 7




Hybrid mesons and gluonic excitations
* Excited gluonic field coupled to gqg pair
* Rich spectrum of hybrid mesons predicted by Lattice QCD

% Gluonic field with JPC = 1+- and mass = 1-1.5 GeV

hybrid meson
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Hybrid mesons and gluonic excitations

* Excited gluonic field coupled to gq pair
% Rich spectrum of hybrid mesons predicted by Lattice QCD
% Gluonic field with JP¢ = 1+~ and mass = 1-1.5 GeV

* “Exotic” JPC : not simple qg from the non-rel. quark model

JPC =ot= 17T 2t— ..

0. i
0

hybrid meson
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|_attice QCD had/spec pro 88 (2013) 094505

hadron spectrum collaboration
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|_attice QCD had/spec pro 88 (2013) 094505

hadron spectrum collaboration
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|_attice QCD had/spec pro 88 (2013) 094505

hadron spectrum collaboration
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Most experimental
searches for hybrids
limited to the s state
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hadron spectrum collaboration

|_attice QCD had/spec pro 88 (2013) 094505

3000] negative parity } pd‘ 2000} exotics

, - 1 , ‘q

-— . ! !

o ] N

= - B .: J

> &= = t 500] - ]|

E 2000 } m | - ’ ﬁ
G = l\ - - ot 2T

= 150f - ’I 2000 = !

- r . PC |

: St E A A

§ 1000 ;f = ¢ ~—1 i f\ ' ' ;‘

o i | E | - 7 1|

. Lightest hybrid 5 ssool wii 4 dd ] |

sol | mesons | , | SSHR “

‘0_+ JPC ‘/ e —————

* ldeally look for a pattern of hybrid states in multiple decay modes

* Primary goal of the GlueX experiment is to search for and
ultimately map out the spectrum of light quark hybrid mesons
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M Lab 12 GeV Upgrade

* Completed upgrade of maximum
electron beam energy from 6 to 12 GeV

% Simultaneously delivered beam to all 4

halls in Spring 2018! add new hall 'y
S new
cryomodules e e W
",;5}?2:?‘::::::: : —‘-‘-Tliffi\\ii
.~th§2’//'/ . |

double cryo///%gi

upgrade magnets
and power supplies

upgrade
existing Halls
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Photon Beam and lagger

Photon Tagger Pair Spectrometer
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(SGLUeY.. inHall D

% Linearly polarized photon beam
from CEBAF 12 GeV forward calorimeter

barrel time-of
% Large acceptance detector for calorimeter -flight

_ target
both charged and neutral particles

% ~200 billion events (3 PB of data)
collected in 2017 and 2018

photon beam

diamond forward drift
wafer chambers
e central drift

v | chamber

electron superconductin
alactron tagger magnet beam P iy 9
beam tagger to detector distance
is not to scale
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Exotic JPC In photoproduction

e Meson X with
| o %op  exolics ) particular JPC

Production through t-channel
“quasi-particle” exchange
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Non-exotic JPC in photoproduction
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L - critical to filter out “naturality” of the
exchange particle
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Farly GLUEY .~ physics: yp—T°p

Y 0

|

High-Energy 7° Photoproduction from Hydrogen with Unpolarized
and Linearly Polarized Photons* 7 EXChanqe JPC
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Farly GLUEY.~ physics: yp—Tp

High-Energy 7° Photoproduction from Hydrogen with Unpolarized

R. L. Anderson, D. B. Gustavson, J. R, Johnson, I. D. Overman, D. M. Ritson, and B. H. Wiik
Stanford Linear Accelerator Center, Stanford, California 94305

Havrvard University, Cambridge, Massachusetts 02138

and Linearly Polarized Photons*
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% Beam asymmetry 2 provides

Yp— 10 beam asymmetry 2.

insight into dominant

production mechanism

), =

* From experimental
standpoint it’s easily
extended to yp—np

% No previous
measurements!

w_

- p

o

h

b

w_

- p

=

h

b

Y 0
ol Exchange JPC
T riw,p
-
i 1t b
t

02t —

4 GeV

6 GeV
— ¢ 10 GeV

0.0 02 04 0.6 08
—t (GeV?)

10

12

14

JEL : Mathieu et al. PRD 92, 074013

CIPANP 2018

Justin Stevens, WILLIAM & MARY 22




0 and n beam asymmetries
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Phys. Rev. C 95, 042201 (R)
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0 and n beam asymmetries

proton

Plane Parallel to Lab Floor

(same as PARA polarization plane)

o =00 (1 — P,Xcos2(p, —gbgn))

Phys. Rev. C 95, 042201 (R)
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0 and n beam asymmetries
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0 and n beam asymmetries

% Testing models for t-channel
production at high energies

* No dip in t-dependence
observed at 0.5 (GeV/c)?2

* Vector exchange mechanism
dominant at these energies,
expect similar mechanism for
exotics

First JLab 12 GeV publication!
Phys. Rev. C 95, 042201 (R)
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Pseudoscalar beam asymmetries

------- B.G Yu (Korea Aerospace U.), arxivi1611.09629v5 (16 GeV)
J. Nys (JPAC), arxiv: 1710.09394v1 (8.5 GeV)
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Early spectroscopy opportunities
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* Enhancement consistent with earlier SLAC measurement,
but ~1000x more statistics with early GlueX data

% Polarization observables will provide further insight into
the nature of this enhancement
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Early spectroscopy opportunities
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Mapping the meson spectrum
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* Already studying polarization observables for “simple” final states

* Beginning to identify known mesons in multi-particle final states
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J/P photoproduction at JLab

=
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Pentaquark photoproduction at JLab

5-quark
bound state
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PRL 115, 072001 (2015) ((SSs
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Observation of charm at GLUEXWW

vp — pete”
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J/ photoproduction at (G LUEX
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(SLUEY - future

% Lattice predicts strange and
light quark content for mesons

* Search for a pattern of hybrid
states in many final states

% Requires clean identification of
charged pions and kaons
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(GLUeY. . DIRC upgrade

forward calorimeter

barrel time-of
calorimeter -flight

DIRC
start
counter

target

\ ( ‘ "
photon beam | g 250
Y
’ forward drift 150
chambers 100
central drift 50
chamber .
superconducting 50

magnet o

-1§

Run No = 5933
ETmae - 25300

_Cherenkov Fhoton “Ring™

8_IIII'IIII|IIII|IIII|IIII|IIII|IIIIIIIII|

1000 1500
PMT X (mm)

-1000 -500 0 500

* The GlueX DIRC (Detection of Internally Reflected Cherenkov light)
provides new K/mt separation and will use components of the BaBar DIRC

% Partial installation and commissioning in 2018
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(GLUeY. . DIRC upgrade

) °
ay
Final shipment from SLAC to JLab this week! RECYCLE

BABAR Detector

Follow our trip: twitter& @GlueX_DIRC
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https://twitter.com/GlueX_DIRC

Summary :

* The GL% experiment is > %§ N
commissioned and the initial ) L]

meson program is well 2 ! e (N
underway O 5% 64 08 68 T 12 T4 T8 18 2
-t (GeV/c)

* Early measurements aimed at £ .

understanding the meson £ :

production mechanism through < Il

polarization observables i |
% First observation of charm at

Jefferson Lab, potential limits

on pentaquark pI’Od uction 81512141;{8'2’0;210 ’

E GeV
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