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Outline

® Motivation: Gluons in QCD

® global context

® complementary capabilities of GlueX
® GlueX Status and Early Results

® understanding photoproduction
mechanisms

® opportunistic searches for exotic
states: P. — J/yp

® | ooking Forward
® towards searches for exotic hybrids

® future data collection with enhanced
particle identification capability
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Motivation: Mysterious Gluons

® Hadrons (and their properties) emerge from
interaction of quarks and gluons as described

by QCD.

® Role of gluons!?
® mass of hadrons
® spin?

® allowable quantum numbers?
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Motivation: Mysterious Gluons

® Hadrons (and their properties) emerge from
interaction of quarks and gluons as described

by QCD.

® Role of gluons!?
® mass of hadrons
® spin?

® allowable quantum numbers?
color singlet

® Key thing to search for: mesons with quantum )
quark anti-quark

numbers forbidden by gg configuration

J=L+S P=(-Dl" C= (=1

Allowed JF€ . 0=+, 0t*, 17—, 17—, 2+, ...
Forbidden JF¢: 0=, 0%t—, 17+ 2+, ...
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Motivation: Mysterious Gluons

® Hadrons (and their properties) emerge from
interaction of quarks and gluons as described

by QCD.

® Role of gluons!?
® mass of hadrons
® spin?

® allowable quantum numbers?
color singlet

® Key thing to search for: mesons with quantum )
quark anti-quark

numbers forbidden by gg configuration

® The“1980s picture” seems to work really well
for describing the spectrum of mesons.

J>= L>+ S> P=(_1)L+l C=(—1)L+S
® Why! Are there exceptions?

Allowed JF€ : 0~F, 0FF, 17—, 17—, 2*%, ..
Forbidden J¥¢ : 0=, 0*—, 17+, 2+, ...
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Searching for Exotic Mesons in Pion Production
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Searching for Exotic Mesons in Pion Production
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COMPASS Collab., PLB 740,303 (2015)

|H exotic 177
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Resonances in NOTT

Coupled-channel analysis that enforces unitarity and analyticity of the S matrix.

A. Rodas et al. [Joint Physics Analysis Center], PRL 122,042002 (2019)
[using data from COMPASS Collab., PLB 740,303 (2015)]

7,(1400)?

7,(1600)?

Two 7, states are reported in the literature (see PDG review).
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Width (GeV)

P

Resonances in NOTT

A. Rodas et al. [Joint Physics Analysis Center], PRL 122, 042002 (2019)
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Mass (GeV)
Are all existing observations
consistent with a single pole Poles Mass (MeV) Width (MeV)
: : : a,(1320) 1306.0 + 0.8 & 1.3 114.4 + 1.6 £ 0.0
associated with the lightest \ dy(1700) 1722 £ 15 £ 67 247 £ 17 + 63
isovector exotic hybrid? 7 1564 + 24 + 86 492 + 54 + 102
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Light Quark Mesons from Lattice QCD

Dudek, Edwards, Guo, and Thomas, PRD 88, 094505 (2013)
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(SLUE

Coverage: 1° < 0 < 120%all ¢
Tracking: 6,/p ~ 1% — 5%

Calorimetry: op/E =~ 6 %/\/E +2 %
Liquid Hydrogen Target

forward calorimeter

barrel time-of

start calorimeter -flight

counter

target

photon beam

forward drift
chambers

diamond

wafer

central drift

/ \ chamber
electron .
electron tagger magnet beam SUPG::;:;CW‘Q
beam tagger to detector distance
is not to scale
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The Hall D Photon Beamline

Coherent Bremsstrahlung from 20 um Diamond
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GlueX Status and Early Results

® Spring 2016: initial production run

® first beam asymmetry results from 2.0 pb~! of
data collected with £, in the coherent peak
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GlueX Status and Early Results

® Spring 2016: initial production run Yp — ]/l//p

® first beam asymmetry results from 2.0 pb~! of
data collected with £, in the coherent peak

® Spring 2017:

® collected 10x more data than used in initial
results

® coherent peak luminosity: 21 pb~!

® observation of J/yy — ete”
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GlueX Status and Early Results

® Spring 2016: initial production run Yp — ]/l//p

® first beam asymmetry results from 2.0 pb~! of
data collected with £, in the coherent peak

® Spring 2017:

® collected 10x more data than used in initial
results

® coherent peak luminosity: 21 pb~!
® observation of J/yy — ete”

e Spring 2018 luminosity: 58 pb~!

® Estimated Fall 2018 luminosity 29 pb~!
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GlueX Status and Early Results

® Spring 2016: initial production run Yp — ]/l//p

® first beam asymmetry results from 2.0 pb~! of
data collected with £, in the coherent peak

® Spring 2017:

® collected 10x more data than used in initial
results

® coherent peak luminosity: 21 pb~!
® observation of J/yy — ete”
e Spring 2018 luminosity: 58 pb~!
® Estimated Fall 2018 luminosity 29 pb~!
® Spring 2019:
® commissioning of DIRC particle ID system

® dedicated Primakoff running: precision
measurement of I'(7 — yy) See talk by
Alex Somov at 5:00 PM
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Asymmetry of Pseudoscalar Production

® Angle between beam polarization
plane and reaction plane ¢ is
sensitive to J* of exchange

o () = gy[1 — P, T cos(2¢)]
o YX=+4+1 = 0",1°2%, ...
e YX=—-1 = 0,172, ...
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Asymmetry of Pseudoscalar Production

® Angle between beam polarization
plane and reaction plane ¢ is
sensitive to J* of exchange

o o(¢) =oyll — P, xcos(2¢)]
e X=+1 = 0%,17,2%,...
o Y=—-]1 = 0,17 27,...

® Asymmetry 2 depends on atin

general
Exchange J©¢
177 : w,p
17~ : b,h
'llJ | DEPARTMENT OF PHYSICS M. R. Shepherd
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Asymmetry of Pseudoscalar Production

® Angle between beam polarization
plane and reaction plane ¢ is
sensitive to J* of exchange

o o(¢) =oyll — P, xcos(2¢)]
e X=+1 = 0%,17,2%,...
o Y=—-]1 = 0,17 27,...

® Asymmetry 2 depends on atin
general

® Goal: understand and develop
models for photoproduction of
known mesons

® |earn about available production Exchange JkC
mechanisms —— .
177 : w,p
® |everage in search for hybrid 17— b.h
° b
mesons
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Single Pseudoscalar Production Asymmetry
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Photoproduction of TT-

® Charge exchange process

B.-G.Yu and K.-J. Kong, PLB 769,262 (2017)

. .
Dominated by Tt exchange at J. Nys et al. [JPAC], PLB 779,77 (2017)

low t
70
T, P, a2,
At
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YPJ/Pp

® Physics objectives:

production dynamics encoded in the
shape of cross section at threshold

differential cross section sensitive to
gluonic content of proton
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YPJ/Pp

® Physics objectives:

production dynamics encoded in the
shape of cross section at threshold

differential cross section sensitive to
gluonic content of proton

search for s-channel production of
pentaquark candidates observed by

LHCb
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A.Ali et al. [GlueX Collab.], PRL 123,072001 (2019)

YPJ/Pp

D 200t 1ooFNumber of J/p = 469 =22
= - Cmean = 3.096 = 0.001 GeV
o 1804 805D = 0.013 = 0.001 GeV
%) - -
-'CIEJ 160 eo
° ' iectives: N N
Physics objectives: > 14011 w0
® production dynamics encoded in the 1201 20F-
shape of cross section at threshold 100 .k
e differential cross section sensitive to - 295 '5 I 5' 5 '5 T ! s
gluonic content of proton 80; """"""""""""" - . - N
el e I b S ] S0 IO
® search for s-channel production of 60 T
pentaquark candidates observed by 40 = i L T I B | R
LHCb oobllL 0 TR L1 A O N
O: | | | | 1 | | | | | | | 1 | | | | mﬂﬂjlw
1 1.5 2 2.5 3 3.5
M(e'e), GeV
VMD
See talk by Sean Dobbs at 4:15 PM
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Looking Forward: The Road to Hybrid Searches

e |Initial GlueX run complete in Fall 2018
e 28x 10!l events (5 PB raw data) collected

® /0% of data are available for analysis —
reconstruction complete in the fall

Guizhou, China
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Looking Forward: The Road to Hybrid Searches

e |Initial GlueX run complete in Fall 2018
e 28x 10!l events (5 PB raw data) collected

® /0% of data are available for analysis —
reconstruction complete in the fall

® Systematic analysis strategy

® Understand photoproduction mechanisms of
known mesons first

® Understand detector acceptance through
measurement of vector meson spin-density matrix
elements

® Conduct first partial wave analyses on two-body
final states like NO)TT

® Learn to exploit unique photoproduction data

I'IJ ' DEPARTMENT OF PHYSICS

INDIANA UNIVERSITY I 7

College of Arts and Sciences
Bloomington

Guizhou, China

M. R. Shepherd
HADRONI19, Guilin
August 18, 2019



Looking Forward: The Road to Hybrid Searches

e |Initial GlueX run complete in Fall 2018
e 28x 10!l events (5 PB raw data) collected

® /0% of data are available for analysis —
reconstruction complete in the fall

® Systematic analysis strategy

® Understand photoproduction mechanisms of
known mesons first

® Understand detector acceptance through
measurement of vector meson spin-density matrix
elements

® Conduct first partial wave analyses on two-body
final states like NO)TT

® Learn to exploit unique photoproduction data

® Simultaneously collect additional data with improved
detector capability and intensity

Guizhou, China
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The U7 System

e Analysis of yp — nUzp is a high priority
for GlueX

® Expect statistical precision that meets or
exceeds that of COMPASS in existing data

® Multiple charge combinations and decay
modes accessible

® access different physics

® systematic cross checks of acceptance
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The U7 System

V. Mathieu et al. [JPAC], arXiv:1906.04841
e Analysis of 7p — nUzp is a high priority L e B B B B B
for GlueX 1.00

® Expect statistical precision that meets or
exceeds that of COMPASS in existing data

® Multiple charge combinations and decay 0.50 1 -

modes accessible

® access different physics A

® systematic cross checks of acceptance 0.00 |-

® Linear beam polarization provides
additional observables with enhanced
sensitivity 050!

w/o P-wave
® Collaboration with Joint Physics | —— w/ P-wave
Analysis Center (JPAC) to develop T Y S R
analysis techniques 08 1.0 12 14 16 18 20

My 70 (GGV)
See talk by Colin Gleason on Wednesday 2 1-Aug at | 1:10 AM
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Entries / 20 1\/IeV/c2

COS ﬁGJ

The V7 System
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The V7 System
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cosbcq

COS ﬁGJ

The V7 System
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Exotic P-wave Signal

“Deck effect”
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The V7 System
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M. Abllk:m et aI [BESIII] PRL I07 182001 (20[ I)

Complementary Production i} @  xaswo) ++++++ b
S WOE Jly — onar ¢ b
é) 1200 E . +++++ ++ _;
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® What do differences in production tell us g 288 E_f1(1285), f*a.: :
about nature of hadrons!? = :
2 400 F
e Consider natzx~ produced against an @ in 200
o s
JIy decay 0.8 1.0 12 14 1.6 1.8 2.0 22 24

e C=+ M, (GeV/c?)

® naively “glue rich”
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Complementary Production ~ ~iswf @ xas) *ﬂ++ Y
S WOE Jly — onar ¢ b -
c 1200 O -
B (] = ]
o 1000 F n(1405% v
: . . < 800 F v : .
® What do differences in production tell us ~ 00 :_f1(1285), .?’*’*: : :
about nature of hadrons? = : i)
0 400 3
® Consider nzn~ produced against an @ in B 200 b
0 Eociame i
Jly decay 081012141618 20 22 24
e C—1 - My <GeWc )
® naively “glue rich” ) 5051@3 V
o0 '
e Compare with #z7 7~ in photoproduction > [ i
340:— v .
® any C allowed N b . v
g0 1
2 Y o
2o ° .
[ Yp — nmwrx p
101

_..L.-'I | 111 | 111 | 111 | 111 | 111 | 111 | 111
88101214 16 1.8 20 22 24
M) [GeV/c?]

| DEPARTMENT OF PHYSICS M. R. Shepherd
INDIANA UNIVERSITY 20 HADRON19, Guilin
g;);locrg?n(;ft(ﬁ]rts and Sciences Augusf ’8/ 20]9
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Complementary Production — ~iwf @ xas) *ﬂ++ Y
S WOE Jly — onar ¢ b -
c 1200 O -
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® What do differences in production tell us ~ 600 5_f1(1285)+ fw‘ :
about nature of hadrons? = : s
0 400 3
e Consider nz*n~ produced against an @ in =200 F o
0 Eociame H
JIy decay 081012141618 20 22 24
o ( =+ M: hni’n' (GeVZc)
® naively “glue rich” N 505@3 v
e Compare with yz*7~ in photoproduction > |
S40f i ey
® any C allowed A . v
Q 20l "
e For 0™ states, the #(1405) appears to be g o . |
suppressed with respect to the #'in %203_ V..
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® what does it mean? 10;_
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8.8 1.0 1.2 14 16 1.8 20 22 24
M) [GeV/c?]
See also: R. Dickson et al. [CLAS Collaboration], PRC 93,065202 (2016)
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Complementary Production

® Naively expect enhanced
photoproductuction of vector (177)
mesons

® vector meson dominance
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Complementary Production

® Naively expect enhanced
photoproductuction of vector (177)
mesons

® vector meson dominance
® Ine'te collisions...
® only 177 states are produced

® pntn” system described by
interference of p(1450) and p(1700)
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SND, PRD 97, 012008 (2018); BaBar PRD 76,092005 (2007)
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SND, PRD 97, 012008 (2018); BaBar PRD 76,092005 (2007)
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The Near Future

e Upgrade PID using synthetic quartz radiators
from the BaBar DIRC

® new multi-anode PMT photon camera
e partially commissioned in 2019

e Start a new data taking campaign in fall 2019
e factor of 4-5 more data

® emphasis on s5 states and strange baryons

[3.8,4.2] GeV/c pions
Hit positions on the radiator wall:
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Summary

® The GlueX Collaboration has collected a unique data set for exploring the spectrum of

light hadrons with high statistical precision.

® What role do gluons play in determining the properties of hadrons!?

® complementary energy regime to XYZ spectroscopy: how do gluonic degrees of
freedom evolve with quark mass!?
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Summary

® The GlueX Collaboration has collected a unique data set for exploring the spectrum of
light hadrons with high statistical precision.

® What role do gluons play in determining the properties of hadrons!?

® complementary energy regime to XYZ spectroscopy: how do gluonic degrees of
freedom evolve with quark mass!?

® Key feature of the GlueX experiment: linearly polarized photon beam
® access to production mechanisms (results: PRC 95,042201(2015); arXiv:1908.05563)

® enhanced sensitivity for hybrid searches

® complementary production environment to existing data: 7-beam, B decay,
c¢ decay, pp annihilation, e e~ annihilation, etc. (results on P.: PRL 123,072001 (2019))
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Summary

® The GlueX Collaboration has collected a unique data set for exploring the spectrum of
light hadrons with high statistical precision.

® What role do gluons play in determining the properties of hadrons!?

® complementary energy regime to XYZ spectroscopy: how do gluonic degrees of
freedom evolve with quark mass!?

® Key feature of the GlueX experiment: linearly polarized photon beam
® access to production mechanisms (results: PRC 95,042201(2015); arXiv:1908.05563)

® enhanced sensitivity for hybrid searches

® complementary production environment to existing data: 7-beam, B decay,
c¢ decay, pp annihilation, e e~ annihilation, etc. (results on P.: PRL 123,072001 (2019))

® A systematic approach to exotic searches is underway
® new understanding of production of conventional states
® building theoretical and experimental analysis framework

® the data and environment are new, but many of the challenges are not: collaboration
with other experiments and phenomenologists will be essential
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