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@ Physics motivation
o QCD and Spectroscopy
@ Search for hybrid mesons
© Experiment GlueX in Hall D at JLab

e Apparatus
o First runs: performance and early results
@ Photoproduction by linearly polarized photons
@ J/v Photoproduction near threshold
@ Observations of various known mesonic resonances

© Outlook
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Masses of Hadrons

@ Quark Model was a big success! Initial anzatz
e Flavor SU(3) symmetry for “constituent” quarks  based on flavor SU(3)

e Postulated observables: (qg) & (999)
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Masses of Hadrons

@ Quark Model was a big success! Initial anzatz
e Flavor SU(3) symmetry for “constituent” quarks  based on flavor SU(3)
e Postulated observables: (qq) & (9qq)

@ QCD: exact color SU(3) symmetry
e Asymptotic freedom; Confinement

e The masses are generated dynamically.
Challenges - the topic of the Workshop!

color SU(3) singlets
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Masses of Hadrons

@ Quark Model was a big success! Initial anzatz
e Flavor SU(3) symmetry for “constituent” quarks  based on flavor SU(3)
e Postulated observables: (qq) & (9qq)

@ QCD: exact color SU(3) symmetry
e Asymptotic freedom; Confinement

e The masses are generated dynamically.
Challenges - the topic of the Workshop!

color SU(3) singlets

Further Insights from Spectroscopy? QCD-possible
QCD does not limit the bound states to (qq) & (qqq). but not established
Do others exist? “exotic” hadrons
@ LQCD predicts states like “hybrids” Do) S
@ Probing our understanding of the mass scale ) q

and the binding energy
etc
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Experimental evidence for “Exotic” hadrons

Multi-quark candidates Hybrid candidates

e Numerous narrow signals ¢ Relatively weak evidence
X, Y, Z—=Jd/porT

e Experiments: LEAR, E852, VES,

e Experimentally well established: COMPASS etc pp, 7~ p
Belle, BaBar, CDF, BES, LHCb etc COMPASS
o Interpretation? ;
@ Threshold cusps - —_— i
@ “Molecules” of color singlets I<n, i
@ Color multiplets P — pJ/4 P p & ST
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Meson spectroscopy

Constituent quark model Gluonic excitations = hybrid mesons ?

g - color octet

@ No gluonic degrees of freedom @ Predicted by models, LQCD

@ Restrictions on the quantum @ “Constituent gluon”:
numbers: J7C: LQCD: 17, 1-1.5 GeV
P — (_1)L+1, C = (_1)L+S

J| — ++ -+ -

0 oft ot

1] 17— 1 1+

2|2~ 2tt 2°F

33~ 3t 3t
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Meson spectroscopy

Constituent quark model Gluonic excitations = hybrid mesons ?

g - color octet

@ No gluonic degrees of freedom @ Predicted by models, LQCD

@ Restrictions on the quantum @ “Constituent gluon”:
numbers: J"C:

P=(—1)k1, C= (—1)+5

LQCD: 17—, 1-1.5 GeV

@ Exotic QN: excellent signature

J | — Jr:i —: JF; of a new degree of freedom
? (13” (1)++ (1)7+ (1)+7 no mixing with the regular gq
2o o+ ot i states
3|3~ 3+t 3+ 3o

gq QN “exotic” QN
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Lattice QCD - the Meson Spectra

J.Dudek et al PRD 83 (2011); PRD 84 (2011), PRD 88 (2013)
Hybrids identified: States with non-trivial gluonic fields

m/MeV

3000

2500

2000

1500

1000 7"

500

J~ regular QN

w

Lowest-lying hybr
17,0+,

J* regular QN

id supermultiplet
1=, 2=+
—r

exotic

Calculations for m, ~ 400MeV
Orange frames - lightest hybrids
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Hybrids: expected features and ways to detect

LQCD: Masses Models: Decays

@ 1 " 71y, m... ~2.0-2.4 GeV/c? @ it ~ 0.1 —0.5GeV/c?
0+~ bo, h... ~2.3 —2.5 GeV/c?
2t by, hp... ~2.4 —2.6 GeV/c?

No calculations for the decay widths, couplings or cross sections so far.

@ Final states: multiple 7+ and ~

Photoproduction by linearly polarized photons

L X Exchange Final

particle states
Poot 1ot P 0t 2t 0t b° h N
S 7° 0~ T 27~ b% hs, h,
UJ=0,1,2,. ’/Tj: 0,+ 1,+ 71_1
w 1~ 1_+ 7T177717774

Can couple to all 3 exotic nonets
How to detect the hybrids?

@ Detect the final states (exclusive reactions)

@ Identify the QN using the Partial Wave Analysis (PWA)

Photon linear polarization - a filter on naturality - helps
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GlueX Experiment

@ GlueX Features

e Hermeticity and uniform acceptance
e High statistics
o Beam: Coherent Bremsstrahlung = linearly polarized photons in

coherent peak
@ Considerable theoretical support for the PWA (JPAC)
@ Approved beam time

o GlueX-1120 days at ~10 MHz ~/peak , L ~ 0.1 fo~"
o GlueX-II,1ll 220 days at ~50 MHz ~/peak with DIRC L ~ 1 fb~'
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The GlueX Collaboration

Arizona State, Athens, Carnegie Mellon, Catholic University,
Univ. of Connecticut, Florida International, Florida State,
George Washington, Glasgow, GSI, Indiana University, ITEP,
Jefferson Lab, U. Mass. Amherst, MIT, MEPhi, Norfolk State,
North Carolina A&T, Univ. North Carolina Wilmington,
Northwestern, Santa Maria, University of Regina, W&M, Wuhan,
and Yerevan Physics Institute.

Over 120 collaborators from 25 institutions.
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Hall D/GlueX Photon beam line

Photon Tagger Pair Spectrometer
12 GeV e- & TripietPolarimeter
North LINAC r“""‘l““} i XJ E
°" H ¥ 75m [ H Photon
> —H I Beam Dump
Diamond Radiator  Electron Collimator GlueX
East ARC Beam Dump Spectrometer
e 12GeV e~ beam 0.05—-2.2 A Loowo giﬁlmong 50 m
. & ollim. 3.4 mm, ——  rote In tagger
e Coherent Bremsstrahlung on diamond crystal 3 = :,te;mfée,
. 2 4000 — olarized flux
e 20 — 50 m diamond: coherent <25 prad g 8.4-9.0 GeV
e Collimation to suppress the incoherent part 3000 <100 MHz
e Coherentpeak 8.4 —9.0GeV P ~ 40% tagged P ~40%
Photon flux 1.0-1'00 MHz in the peak =2 L olimated /
e Energy/polarization measured: ¥>“
e Tagger spectrometer o /E ~0.1% LA A
e Triplet polarimeter ye~ — e~ ete™ = o bl

0'73/7) ~2%
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Hall D/GlueX Spectrometer and DAQ

forward calorimeter
barrel time-of
G LUEX\/\/\/\/ calorimeter -flight
target )
LHp s

ResolUtions  start couser Detectors
hE: op/p~1—3% » CDC, FDC
v: og/E ~ 6%/VE & 2% » BCAL, FCAL
Acceptance 1° < 0 <ph1t%nobc;am » TOF, ST
dimond omraane | 1aNs to add
< cen:raldrif:hambers » 2018 L3
/(\/ amm—— . e > 2019 DIRC

tagger magnet beam

electron
beam

magnet

tagger to detector distance
is not to scale B=20T

Photoproduction vp 15 kHz for a 100 MHz beam
Beam 10 MHz/GeV: inclusive trigger 20 kHz = DAQ = tape
Beam 50 MHz/GeV: inclusive trigger 100 kHz = DAQ =- L3 farm = tape
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Hall D/GlueX Data taking Status

@ Fall 2014 - Spring 2015: commissioning
@ Spring 2016 12 GeV Engineering run

o Commissioning is complete
e Data for early physics results
~ 22 G events recorded, 7 G events fully meet the specs

@ Spring 2017 11.65 GeV Physics run

@ 50 G events, Lj,; ~ 20 pb~'/peak (20% of GlueX-I)
e Plans to finish the data processing by mid-July
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Hall D/GlueX Beam: Coherent Bremsstrahlung

Rotating polarization plane:

e 20-50 pm thick diamond Two diamond orientations at 90°:

radiators Reduces asymmetries of the apparatus!
e Precision alignment using a
goniometer 9 9 2 mo;‘ (a)‘ Raté in Pair' Spectfometer 3
o S 6000; — Diamond: PARA é
? g E — Diamond: PERP E
g’ 5000~ — Aluminum =
o 4000; é
§ 3000; é
o = 3
zooo? 7;
1000; B
o : : : RoRT e : H
"% s ) ¢ P~ 400/gARA E
5 o ¢ j/ =
. . ] E F m PERP E
Polarization measurements £ ; L E
e Derived from the spectrum 02t ; % } ﬁ- E
. . & 3
e Triple polarimeter ° ﬁ ¥ } *; it IEEY g £
~ve~ — ete e °F E
. o ;‘5 é 8‘.5 9‘ 9,‘5 10 10 5 11 11 5
° Processes I|ke ")/p — 14 p Photon Beam Energy (GeV)
Jeffezon Lab
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Pseudoscalar Beam Asymmetries

Meson Production Plane

Plane Parallel to Lab Floor

(same as PARA polarization plane)

Polarization | g_f;” x (1 - PTcos(2p))
Polarization L d_gL x (1 —PxXcos(2¢—m))

Cancel systematic effects by measuring the asymmetry:

do _ do

de | de
Alp) = =71 I ~ P¥ cos (2y)
de, T de||
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Beam Asymmetries of 7%, 7

T
— GlueX Data
@ «background (MC)

.
U

.
53
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Vb ~ pyy
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"
QU
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-
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Yield Asymmetry

Y. sensitive to exchanged J"°

5 — lwtpl’=|h+bP?

|w+p|2+|h+b|?
Y ~ +1 for 17~ exchange
Y ~ —1 for 17~ exchange

[PRD 92 (2015) 074013]

proton

A= P¥cos2¢
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Beam Asymmetries of 7%, 7
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e Theresults: ¥ ~ + 1

e Vector exchange dominates

e No observed dip at —t = 0.5 (GeV/c)?
e Comparison with several models

e First measurement for ) at this energy
e Accepted in PRC [arXiv:1701.08123]

e Planned:
Measurement for n’ with 2017 data
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Beam Asymmetries of Vectors

Preliminary: p Asvmmetry

Ratio/ 1°

@ w 2 decays modes: 77770 and
7T0”)/:

E Nj-FeN,
By, NIFFeN,

UL B

e Expectations:
Yar /X0, = —2
e Measurement:

ar/Tro, = —1.88 £ 0.13

@ High statistics for p, w: g:
plans to measure the 2

Spin-Density Matrix elements g
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Photoproduction of J/v close to threshold

y+p—=J/b+p, JY—eter
e All 2016 data: exclusive events p + €7 e~
e €Te  PID using the electromagnetic calorimeters BCAL and FCAL
e Kinematic fit with the beam energy from the tagger

MC normalized to ¢ x-sec. kin.fit x°<200, ee>2°

GlueX.-20186.data - (preliminary)
lueA-2U1b-aata-(preliminary.)
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Photoproduction of J/v close to threshold

Planned measurements, after adding the 2017 Spring data:
e 0(E) - sensitive to gluons at high x
e t-slope
¢ Limits on the pentaquark yield (the mass resolution ~6 MeV/c?)

o C 0
i E P(4450
2 10 L. Comell.75 | % LT
g F e SLAC75 1 >
° [ 0iSLAC 76 unpub\is%/ﬁ/"': %
s | + | < {
S5 W g {
1 [ pes
T E om ﬂ
z g
v [ ? o /
4 (}; S 1./
10 L @ 4/
F <—+~ 2-gluon excharige o l/ 2-gluon excharige
r normalization fit to data =2 1 arbitrary normalization
| T
10 .
: Theory 2 } & GlueX preliminary:
[ Brodsky et al, PL, 2001 ® |
I Frankfurt et al, PRL, 2002 !l
10
8 10 12 14 16 18 20 22 8 10 12 14 16 18 20 22
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Event Reco
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M(2y, pair 2) [GeV]

From 2016 data: yp — 5vp
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@ Analysis of the Spring 2017 data:

Measurements of various beam asymmetries
Measurement of the J/+ cross section
Measurements of the Spin Density Matrix for the lower vectors

(]
(]
o
e PWA of the known lower resonances (1.0 - 1.5 GeV/c?)
@ Next run is scheduled for the Fall 2017 (some uncertainty)

@ 2019-2022 GlueX at “high” intensity 50 MHz in the peak
focus on hidden strangeness and hyperon resonances

@ Other approved experiments:

o 7 Radiative Decay Width via Primakoff effect
@ Charged pion polarizability via Primakoff effect

@ More Proposals and Letters of Intent are on the way
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APPENDIX
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Hall D Physics Program

Proposal/ Sta- | Title Beam | PAC
experiment tus days #
E12-06-102 A Mapping the Spectrum of Light Quark 120 30
Mesons and Gluonic Excitations with Lin-
early Polarized Photons

E12-10-011 A- A Precision Measurement of the  Radia- 79 35
tive Decay Width via the Primakoff Effect
E12-13-003 A An initial study of hadron decays to 200 40
strange final states with GlueX in Hall D
E12-13-008 A- Measuring the Charged Pion Polarizabil- 25 40
ity in the 4y — 77~ Reaction
E12-12-002 A A study of meson and baryon decays to 220 42
strange final states with GlueX in Hall D
C12-14-004 Cc2 Eta Decays with Emphasis on Rare Neu- | (130) 42
tral Modes: The JLab Eta Factory Exper-

iment (JEF)

partly concurrent with GlueX (n — 37)
LOI12-15-001 Physics with secondary K beam 43
LOI12-15-006 w-production on nuclei 43
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Experimental Evidence for Exotic Hybrids 1

| mass | reaction | experiment | mass | width |
1400 T—p — nm°n GAMS, 100 GeV 1988 | 1406+20 | 180+ 20
P = TP BKEI, 6 GeV 1993 | 1320+ 5 | 140+ 10
TP =T P MPS, 18 GeV 1997 | 1370460 | 380+100
T—p = nw°n E-852, 18 GeV 2007 | 1260+40 | 350+ 60
pp — e CBAR, 0 GeV 1999 | 1360+25 | 360+ 80
pn — nrn~ CBAR, 0 GeV 1998 | 1400+30 | 220+ 90
1600 | A= ntr A VES, 37 GeV 2000 | 1610+20 | 290+ 30

VES, 37 GeV 2005 | none
COMPASS, 190 GeV 2009 | 1660460 | 270+ 60

TPt p E-852, 18 GeV 2002 | 1590+40 | 170+ 60
E-852, 18 GeV 2006 | none
COMPASS, 190 GeV 2015 in progress
o — wtatan CLAS, 5. GeV 2008 | none
TP — T TP E-852, 18 GeV 2006 | none
COMPASS, 190 GeV 2015 in progress
T p—=nTp E-852, 18 GeV 2001 | 1600440 | 340+ 50
COMPASS, 190 GeV 2015 in progress
A=t A VES, 37 GeV 2005 | 1600 300
GAMS, 100 GeV 2005 | 1600 300
T p =ttt TP E-852, 18 GeV 2004 | 1710+60 | 400+ 90
TP — wr TP E-852, 18 GeV 2005 | 1660+10 | 190+ 30
7~ A— wr~CA VES, 18 GeV 2005 | 1600 300
2000 T p — bym, i E-852, 18 GeV 2005 | 2010+25 | 230+ 80
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Experimental Evidence for Exotic Hybrids 1

| mass | reaction | experiment | mass | width |
1400 GAMS, 100 GeV 1988 | 1406+20 | 180+ 20
— BKEI, 6 GeV 1993 | 1320+ 5 | 140+ 10
Signal: “ Eald‘ 's‘e'érﬁ_'by ég\_/'é‘r'alné\xpe?rrﬁe'r;tgn
T Interpretation:  unclear, but not a hybrid:
pp — nm°m® 1400 dynamic origin; 4-quark state
pn — nmn~ UDAM, U GEV 1990 | T4UULSU | 22UX 9U
1600 | m A= atn 1 A VES, 37 GeV 2000 | 1610+20 | 290+ 30
VES, 37 GeV 2005 | none
COMPASS, 190 GeV 2009 | 1660+60 | 270+ 60
TPt p E-852, 18 GeV 2002 | 1590+40 | 170+ 60
E-852, 18 GeV 2006 | none
COMPASS, 190 GeV 2015 in progress
p — 7tatnTn CLAS, 5. GeV 2008 | none
TP = T RTop E-852, 18 GeV 2006 | none
COMPASS, 190 GeV 2015 in progress
T p—=nTp E-852, 18 GeV 2001 | 1600440 | 340+ 50
COMPASS, 190 GeV 2015 in progress
A=t A VES, 37 GeV 2005 | 1600 300
GAMS, 100 GeV 2005 | 1600 300
TP =t p E-852, 18 GeV 2004 | 1710+60 | 400+ 90
TP = wn TP E-852, 18 GeV 2005 | 1660+10 | 190+ 30
7" A— wr m°A VES, 18 GeV 2005 | 1600 300
2000 T p — bym, i E-852, 18 GeV 2005 | 2010+25 | 230+ 80
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Experimental Evidence for Exotic Hybrids 1

| mass | reaction | experiment | mass | width |

1400 GAMS, 100 GeV 1988 | 140620 | 180+ 20
— BKEI, 6GeV1993 1320+ 5 | 140+ 10

A AN dann— PREC 7V NEI-VN AAA L 4nn

Signal: e ““solid, 'seen by several experiments
Interpretation:  unclear, but not a hybrid:

pp — nm°m® 1400 dynamic origin; 4-quark state
pn — nrem— CBAN, U GEV 1995 | T4UULSU | Z2U< 9U
1% A=t A VES, 37 GeV 2000 | 1610+20 | 290+ 30

VES, 37 GeV 2005 | none
COMPASS, 190 GeV 2009 1660i60 270+ 60

arn 40 A\l nnnn

Signal:'_ 37 - controverS|aI = Ieakage from 2 i
COMPASS: confirmation in 7~ A
COMPASS: in progress 7~ p
n'm~ - promising

Interpretation: may be a hybrid

Tp— Tt

o — wtatan
T—p— TP

_ . 1600 needs more analysis and data
T Pp—=nTp C-0UZ, TO UtV ZUUT TOUUTHU | OFUT OU
COMPASS, 190 GeV 2015 in progress
A= T A VES, 37 GeV 2005 | 1600 300
GAMS, 100 GeV 2005 | 1600 300
L RS A o) E-852, 18 GeV 2004 | 1710+60 | 400+ 90
TP — wrT TP E-852, 18 GeV 2005 | 1660+10 | 190+ 30
A — wrTT°A VES, 18 GeV 2005 | 1600 300
2000 7 p— bym, hw E-852, 18 GeV 2005 | 2010+25 | 230+ 80
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Experimental Evidence for Exotic Hybrids 1

| mass | reaction | experiment | mass | width |

1400 GAMS, 100 GeV 1988 | 140620 | 180+ 20
— BKEI, 6GeV1993 1320+ 5 | 140+ 10

A AN dann— PREC 7V NEI-VN AAA L 4nn

Signal: e ““solid, 'seen by several experiments
Interpretation:  unclear, but not a hybrid:

pp — nm°m® 1400 dynamic origin; 4-quark state
pn — nrem— CBAN, U GEV 1995 | T4UULSU | Z2U< 9U
1% A=t A VES, 37 GeV 2000 | 1610+20 | 290+ 30

VES, 37 GeV 2005 | none
COMPASS, 190 GeV 2009 1660i60 270+ 60

— + — _ - r_ocn 40 N\l NnnNN
TPwEE W Signal: 37 - controversial - Ieakage from 2+

COMPASS: confirmation in 7~ A
COMPASS: in progress 7~ p
n'm~ - promising

Interpretation: may be a hybrid

1600 needs more analysis and data

o — wtatan
T—p— TP

T p— T]’ﬂ'_p C-0OUZ, TO UEV ZUUT TOUUTHU | OFUL OU
COMPASS, 190 GeV 2015 in progress
A=t A VES, 37 GeV 2005 | 1600 300
GAMS, 100 GeV 2005 | 1600 300
7 p — nrtn_=p Signal: weak - one experiment only 0+ 90
M Interpretation: may be a hybrid 0+ 30
A wr— A expected decay modes 0
2000« 7 p — bym, iw | 2000 needs more data 0+ 80
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Hyperon Spectroscopy in Photoproduction

GlueX 2-nd stage: 2019-.. AN K
P =0
@ With DIRC K/K B
@ High beam intensity p s
50 MHz in peak Alz e

° Q_N of hyperons/ Cascza1d§s Baryon 2016: discussed by A.Gillitzer on Tuesday
Like CLAS (A(1405): ;3 ) ~State Status  J” Width

(MeV)
= /2% 0
=(1530) *** 3/2+ 9
=(1620) * 7 22
=(1690) *** 7’ <30
=(1820) *** 3/2- 24
=(1950) *** 7’ 60+20
=(2030) *** >5/27 2011
=(2120) * ?? <20
=(2250) ** 7’ <30
=(2370) ** ? 80
=(2500) * 77 150
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