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Confined states of quarks and gluons

Observed mesons and baryons well
(g q (g described by 15t 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 15 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
(qaq), (qaaqq), etc., while mesons are made out

of (9d), (@qq4q), etc. ...
Phys. Lett. 8 (1964) 214
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Confined states of quarks and gluons

Observed mesons and baryons well
(g q (g described by 15t principles QCD

mesons baryons

But these aren’t the only states
permitted by QCD

Ay — J/wpK_

1000
LHCDb 200+
S 800 00| ## gt
tetraquark  pentaquark 3 U
= 6 -4"'
& o
§ 600 ’0 W‘ ‘
400 ’.’
o P,(4450)* »
¢
200 %
o
o
4 22 44 46 5 _
my., » [GeV]

Hadronic Physics with Lepton and Hadron Beams

Justin Stevens, WILLIAM & MARY 5



Confined states of quarks and gluons

Observed mesons and baryons well
@ @ @ described by 15 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
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Hybrid mesons and gluonic excitations

* Excited gluonic field coupled to gg pair
* Rich spectrum of hybrid mesons predicted by Lattice QCD

* Gluonic field with J°© = 1" and mass = 1-1.5 GeV

®
/ g

— @
hybrid meson
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Hybrid mesons and gluonic excitations

* Excited gluonic field coupled to gg pair
% Rich spectrum of hybrid mesons predicted by Lattice QCD
* Gluonic field with J°° = 1*" and mass = 1-1.5 GeV

* “Exotic” J7 : not simple qq from the non-rel. quark model

JPC =ot= 17T 2t— ..

® o
/ Pyl
0/ -

— @
hybrid meson
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Lattice QCD: Mesons Dudek et al. PRD 88 (2013) 094505
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Lattice QCD: Mesons
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Lattice QCD: Mesons ~ Dudek et al. PRD 88 (2013) 094505
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Most experimental
searches for hybrids
limited to the m; state
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Lattice QCD: Mesons ~ Dudek et al. PRD 88 (2013) 094505
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* 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

* Upgrade maximum electron
beam energy from 6 to 12 GeV

¥ Add new experimental Hall D -
with a dedicated photon beam €d newnall

S new
cryomodules P e N
// =
5 double cryo r/’
upgrade capacity Z//

existing Halls

upgrade magnets
and power supplies
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Photon Beam
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GLUE(WW in Hall D

% Linearly polarized photon
beam from CEBAF 12 GeV forward calorimeter

barrel time-of
calorimeter -flight

* Large acceptance target
detector for both charged
and neutral particles

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 J™° in photoproduction

Approximate J¢

Mass (MeV)

1 1900 1~
m 2100 17
n} 2300 1"
bo 2400 0"~
ho 2400 0"~
B, 2500  0F-
b2 2500 27
h2 2500 27

2 2600 27

Possible quantum numbers
from Vector Meson Dominance
and t-channel exchange: (1%)J"°

T p,w,0

P = Pomeron exchange

APS 2017
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Exotic J™° in photoproduction

pTpo o m

Approximate JF¢

OW,PP,00 _, My

_ __

Possible quantum numbers
from Vector Meson Dominance
and t-channel exchange:

ww,PpP —_— L}

Mass (MeV)

1 1900 1~
m 2100 1°F
n 2300 1=
bo 2400 0"~
ho 2400 0"~
hy 2500 0"~
b2 2500 27~
ho 2500 277

A 2600 27

T p,w,0

P = Pomeron exchange

% Can couple to all states in the lightest hybrid multiplet through t-channel
exchange and photoproduction (via Vector Meson Dominance)

* Photon beam polarization filters the “naturality” of the exchange particle

APS 2017
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Non-exotic J"° in photoproduction

Y 0

=

\

Exchange JPC
I rw,p
1T~ :bh

% Understand non-exotic production mechanism first

% Linear photon beam polarization critical to filter out
“naturality” of the exchange particle
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Farly (GLUEY.~ physics: yp—1t%p

High-Energy 7° Photoproduction from Hydrogen with Unpolarized
and Linearly Polarized Photons*

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

and
D. Worcestert
Harvard University, Cambridge, Massachusetts 02138
{Received 25 June 1971)
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Farly (GLUEX, .~ physics: yp—1%p

Y 0

=\

High-Energy 7° Photoproduction from Hydrogen with Unpolarized
and Linearly Polarized Photons*

\

Exchange JPC

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
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JPAC: Mathieu et al. PRD 92, 074013
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yp—11%p beam asymmetry 2

* Beam asymmetry 2 provides Y 70
insight into dominant production >~ PC
mechanism Exchange J
L rw,p
w+ p|> = |h + b)? o
Z — 5 5 % P - C)
W+ p h+0b y
* Understanding production JPAC: Mathieu et al. PRD 92, 074013
mechanism critical to >
disentangling J°° of observed

states in exotic hybrid search

Theory and SLAC
data beam energies

| — ¢ 4GeV
02 — « 6GeV
— ¢ 10GeV

* From experimental standpoint
easily extended to yp—np

% No previous measurements!
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¥ and n beam asymmetries
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Phys. Rev. C 95, 042201 (R)
First 12 GeV publication!
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¥ and n beam asymmetries

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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¥ and n beam asymmetries
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Meson Production Plane

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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¥ and n beam asymmetries
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¥ and n beam asymmetries

AR nan

% Dip In multiple theory
predictions not observed

% Indication of vector
exchange dominance at
this energy

* Additional asymmetry
measurements ongoing
with larger dataset

Phys. Rev. C 95, 042201 (R)
First 12 GeV publication!
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Early spectroscopy opportunities

8.4 < E], <9.0GeV

[o) ™N gt
—_ = =
2 SLAC E = 20 GeV >
S B
© o} =
& J0'E
£ * B F
Rl p’? s I
K Ny >
E.g HlH ', wi 10° =
S 10} T -
< ﬁfﬁﬁ\q [
PRL 53, 751 (1984) —h_r:\ 0
0 0 2.0 30 -
My, (GEV/C?) u

G

Preliminary

1 1.5 2 2.5
ntm™ inv. mass GeV/c?

* Enhancement consistent with earlier SLAC measurement,
but ~100x 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

Yp — 4yp

% Previous photoproduction
data very sparse for channels
with multiple neutrals particles

% Preliminary studies are already
showing interesting features
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Mapping the meson spectrum PRD 88 (201%) 094505
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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 searches at JLab
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Pentaguark search at

Jy

Jy p.
E

% Projection for 30 days
at full luminosity

* Uses CLAS12
standard equipment,
first data in 2018

Hadronic Physics with Lepton and Hadron Beams
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2 1

at luminosity of 10* emsec
P (4450) cross section from Phys.Rev. D92, 031502 (2015)

® CLASI2 projections without P (4450)

----- 2-gluon exchange model fit to published data
--------- 3-gluon exchange, normalized at 12 GeV
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Pentaquark Search in Hall C
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* Short experiment (11 days)

E12-16-007 with high impact
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Observation of charm at (G LUEX ~

top view (looking down from above detector)
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Observation of charm at (G LUEX ~
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J/ photoproduction at (G LUEY ~
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Summary

* The GlueX detector has completed commissioning
and the initial physics program has begun

* First 12 GeV publication from the Spring 2016 data
has implications for the meson production mechanism

* Program of threshold J/{ measurements in all four

halls to search for LHCb pentaquark
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Backup
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(SLUEY. Physics Program

) Amplitude
‘ Experiment ‘ Analysis
\ Search for
Exotics I
Polarization | | ©PPortunistic -
Transfer Measurements Theoretical
& New Ideas Models
Understand :
Photoproduction dentity
Mechanisms Known
Mesons

Spin-density Measure
Matrix Elements Cross sections
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Lattice QCD: Mesons
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Dudek et al. PRD 88 (2013) 094505
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Lattice QCD: Mesons Dudek et al. PRD 88 (2013) 094505
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EXOt | C J PC d eCayS C. A. Meyer and E. S. Swanson,

Progress in Particle and Nuclear Physics B82, 21, (2015)

Approximate JF¢  Total Width MeV Allowed Decay Modes

Mass (MeV) PSS IKP
T 1900 1=t 81—168 117
m 2100 1=t 59 —-158 107

A nai, mn(1295)
0), ', KK{', KK{

' 2300 1=t 95—-216 172 KKE, KK{#, KK*,
bo 2400 0T~ 247 —429 665 mm(1300), wh1, pf1, nbi
ho 2400 0~ 59 — 262 94 7b1, nh1, KK (1460)

. 2500 0t— 250 —490 426 KK (1460), KK{*, nhy
bo 2500 2t~ 511 248 way, was, whi, np, nb1, pfi
ho 2500 21— 4 —12 166 7p, b1, Nw, why

L 2600 2t— 518 79 KKE, KK{* KK}, nhy

* Predictions for the spectrum of hybrids from lattice, but decay
predictions are model dependent

1-* channels observed
TP — T
' — nrTw
b1 — wnT
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EXOt | C J PC d eCayS C. A. Meyer and E. S. Swanson,

Progress in Particle and Nuclear Physics B82, 21, (2015)

Approximate -/ PC Total Width MeV Allowed Decay Modes
Mass (MeV) PSS IKP
T 1900 1= 81— 168 117 by, wp. mf1, ™, ™, nay, 7n(1295)

m 2100 1=t 59 —158 107 7ra1,' Tas, 77f1 nf2, mr(1300). ', KK{ KKEB
ni 2300 1=t 95-216 172 — KKP|KK{, KK*| n
bo 2400 0T~ 247 —429 665 7w (1300), whi, pf1, nbi
ho 2400 0~ 59 — 262 94 b1, nhy, KK (1460)
o 2500 0t— 250 —490 426 KK (1460), KK{*, nhy
bo 2500 27— 5 -—11 248 way, was, whi, np, nb1, pfi
ho 2500 21— 4 —12 166 7p, b1, Nw, why
K, 2600 2t— 518 79 KKE, KK{*, KK}, nhy

% Predictions for the spectrum of hybrids from lattice, but decay
predictions are model dependent

1-+ channels observed Some additional 1-* channels
TP — T Tay — NTT Nf1 — onEw
) = EET KK* — KK
mhy = wrrT KK;(1270) — K Knm
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Evidence for 1+ exotics

* 111(1400) — Nt

* Not likely a hybrid: dynamical origin or 4-quark state?

* 114(1600) — mtrtr, n’m, b4, ete.

™
8‘ -
600 F
> » §
© 500F —
= 400 16, ©
x : 14 E
2 300¢ 120§
ﬁ 200;— :i;
% 100F
B oM

1.5 2 2.5 3 3.5 4 4.5 5
m(n'77) [GeV /c?]

Compass: PLB 740 (2015) 303

™

L 5000F

=

o
= 3000

™ 2000F

5
= 1000
o

4 0

>
Y 4000F

|
f_r**

_ i n {ll

it

n’|||i”|| 1-+ wave

. {
:.LM”*.*. ) |‘.‘."h....‘.lM.:”r.i.l“tl.ffisl‘.nih&.be

1.2 1.6 2 2.4
m(n’ﬂ'_ ) [GeV/cQ]

2.8

Py — Py [deg]

250 ;—

150 5++|h*+|*1+‘ |

100:-+ } Wt
50 E—

-50E
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Evidence for 1+ exotics

* 111(1400) — Nt

* Not likely a hybrid: dynamical origin or 4-quark state?
* 114(1600) — mtrtr, n’m, b4, ete.

Compass: PRL 104, 241803 (2010)
x10°

> ;_ a,(1320) I:l event distribution 800 i_ I"1'pn P d) =0 3 (a)
—~ 3 ;_ + background wave «~ 100 - H '100;_ {
2 25 a260) = 600 ’ g 10F “
é’ 2F = (1670) § S00F \ 2 200 {
% 1.5%— éigzz § -2502— i t * * l
a IF 8 200F S0 f

0.5 ) " 100F . 350 - AG (P Tpn P - 170701 S)

Y 115 2 95 3 0°06 08 1 12 14 1.6 18 2 ..4 00608 1 12 14 16 18 2 22 24

Mass of Twn* System (GeV/c?)

Mass of mmt" System (GeV/c?)

Mass of mwrnt System (GeV/c?)
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Evidence for 1+ exotics

* 111(1400) = Nnm

* Not likely a hybrid: dynamical origin or 4-quark state?

* 111(1600) — 1t n’m, bqm, etc.

171" P-wavepn (T T TY)
| 1 1

A high wave

A low wave } (a) - 4= (b) {I{I _

2 - : ) -
A highwave |
S A low wave
HIII I ﬂ 1T A®QRYT-17H

-1 1 T 1

1.2 1.4 1.6 1.8 2.0

M[3n] GeV/c M[3n] GeV/c?

E852: PRD 73 (2006) 072001

n
|

events(K)/0.025 GeV/c?
. <
ﬁﬂ \

Found no exotic when using
a larger set of partial waves
(ie. “high wave”) than
previous analysis

0.5

o

1.2

* Not observed inyp = nmu it at CLAS: charged vs neutral exchange?
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* 111(1400) = Nnm

Evidence for 1+ exotics

* Not likely a hybrid: dynamical origin or 4-quark state?

* 111(1600) — 1t n’m, bqm, etc.

Events / (5 MeV/c?)

Compass: PRL 104, 241803 (2010)

3.5
3

e — N
S W = N W

x10°

g a,(1320) event distribution
3 + background wave
— a,(1260)

3 n,(1670)

0 05 1 15

2 2.5
Mass of Tttt System (GeV/c?)

Unprecedented
statistics

Compass: 1509.00992
Discuss non-exotic waves
x10°

0.4f |
a,(1260),

a,(1320)

0.3f

Events / (5 MeV/c?)

8.5 1 15 2 25
(a) ma~_ [GeV/ec2]

: PC _-+ : : : :
% Clear evidence for J =1 partial waves, but interpretation not conclusive
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Evidence for 1+ exotics

* 111(1400) = Nnm
* Not likely a hybrid: dynamical origin or 4-quark state?

* 111(1600) — 1t n’m, bqm, etc.

Compass: 1509.00992

Compass: PRL 104, 241803 (2010) Discuss non-exotic waves

x10° o oxaee

35F % 04l 16:(1320)

i 3,(1320) event distribution % L g2 k0 COMPASS 2008 (x p—=(iv) p)
J; 2 e e 0D
2 25F 4260 Unprecedented ; °-r N P pA00<E<LO00GeVirel
2 5 statistics s b e g Seherenoum
o 2F m,(1670) Q5L & ! +++ i JrPlellmmary
g 1'5; ﬁ E %‘ 30 - Jr j‘ﬁ"l‘ +
2 1f : T - AL
a 0.1 i ﬂ t #

0.5F ' 20 ~ +J( ;

0 : : i - J@ ti

0 0.5 1 1.5 2 2.5 3 85 1 10- ' "
Tt 2 | : - K
Mass of wrn" System (GeV/c?) Hadron 201 o) ; E___,_,,ttw"# **’“w*ﬂf ,
Grube: 1512.03599 0012 i e 18 'é' EY

((JeV/c )

% Clear evidence for J"°=1"" partial waves, but interpretation not Concluswe
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Quantum number counting

Assuming Vector Dominance O(1-) 1¢(1) T6(JPC)
0 A -
P~ P ®o P G=(-) = (-
Tt Forbidden Tt
: ! 1'(0'*)

-> Proceeds via w coupling

nd T T, 1(T
: °1“0K (1) P p* () x
;7500 X ;TC" 1(0™) ok
C Conservation G-Parity Conservation

5
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* 2014-2015: Beam and detector
commissioning

* Spring 2016: Detector
commissioning and first physics
results

* ~10" ¥/s in coherent peak
8.4 <Ey <9 GeV

% Results shown today from
~80 hours of beam time

¥ Initial program:
* 100 days at ~1 O7 (10x stats)
* High intensity running

% 200 days at ~5x1 O7 (100x stats)

w
o

Number of Events Collected / 10°

(SLUEY. . data taking

Generated: April 25, 2016

N
o

—
o

G- Spring 2016 Run

e | Polarization

~

/7

* || Polarization
e Unpolarized
e Total

5 10 15
Integrated Beam Time [Days]
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Photon Beam and lagger

Photon Tagger Pair Spectrometer

7om B | Photon
-;I'I_ Beam Dump

North LINAC

Diamond Radiator *. Electron Collimator GlueX
East ARC Beam Dump select © <25 ur  Spectrometer
polarized photons
, . . Expected Flux
: E S /| Flux on Tagger
1 ! I .
s i s —— |
: s 3
. = Fixed array E : A
T st 2000 | L A
* Linearly polarized photons via coherent Flux on Target |
bremsstrahlung from diamond radiator 1000 - Polarized flux
o . 8 . : -
% Design intensity of 10™ y/s in coherent peak N ¥ ' ]
between EX = 8.4 and 9 GeV 6 7 8 9 10 11 12

Photon Beam Energy (GeV)
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“Typical” yp—=mrip event

top view (looking down from above detector)

X
L)Z p—60cm

side view from beam right (south)

Y
L)Z p—60cm

BCAL vi

tream

20 cm
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B from Time of Flight
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Particle identification performance

Positively Charged Particles
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T = __\_\_ --— _ = —_— -
e —=-_--  “—- _ -- - - —
.~ o = - - - I
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Calorimeter performance

Forward Lead Glass Calorimeter

Barrel Lead-Scintillating Fiber Calorimeter

kS [ L i
22501 GL% S 300 GL%
Q = O'(M,Y,Y> g B O-<M’Y’Y>
> - — = =T7.0% = - — = =8.7%
N B My N 550k My
— 200 ~ -
v - 1.0 GeV < E, < 3.0 GeV 8 - 1.0 GeV < E, < 3.0 GeV
V - a :
s | S 200
= 150 [ -g _
c - : - :
S i . DengWGoal S 150 = . Deagz{yGoal

— o o .070 | o . LX/0

100 - = BER & 3.5% I = B @ 2.3%
- 100
50 I
I 50—
O A A R R | A R T B T 1 O :—I—L'ﬂ.'l’wth Loy
000 005 010 015 020 025 030 000 005 010 015 020 025 0.30
M,, [GeV/c’] M,, [GeV/c]
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Farly GLUEY.~ physics: yp—p“p

PHYSICAL REVIEW D VOLUME 7, NUMBER 11

| SSER—

Vector-Meson Production by Polarized Photons at 2.8, 4.7, and 9.3 GeVF

J. Ballam, G. B. Chadwick, Y. Eisenberg, E. Kogan,{ K. C. Moffeit, P. Seyboth,}

I. O. Skillicorn, § H. Spitzer,|l and G. Wolf**
Stanford Linear Accelevator Center, Stanford University, Stanford, California 94305

H. H. Bingham, W. B. Fretter, W. J. Podolsky,{{ M. S. Rabin,f{ A. H. Rosenfeld, and G. Smadjas$
University of California and Lawrence Bevkeley Laboratory, Bevkeley, California 94720

(Received 13 November 1972)

Z::ZJ do ~ 1+ P> - cos2¢

|tp/p|> 0.02 GeVZ 3480 EVENTS

L L l v

NQ T T T T T T T T )
> 07 + ) 100
> _
= . p— T T - o
o ~
S a0} | - n
— 1 —
—~—
i =
2 i} w90
S 200 . = .
> -
T i i _
0 | \ , \ | o L L. -
0.2 1.0 18 2.6 34 0° 90° 180° 270° 360°
M-""ﬂ- (GEV) ¢
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Farly GLUEY.~ physics: yp—p“p

PHYSICAL REVIEW D VOLUME 7, NUMBER 11

| SSER—

Vector-Meson Production by Polarized Photons at 28, 4.7’ and 9.3 Ge I

J. Ballam, G. B. Chadwick, Y. Eisenberg, E. Kogan,{ K. C. Moffeit, P. Seyboth,}

I. O. Skillicorn, § H. Spitzer,|l and G. Wolf**
Stanford Linear Accelevator Center, Stanford University, Stanford, California 94305

H. H. Bingham, W. B. Fretter, W. J. Podolsky,{{ M. S. Rabin,f{ A. H. Rosenfeld, and G. Smadjas$
University of California and Lawrence Berkeley Laboratory, Bevkeley, California 94720

(Received 13 November 1972)
yp—=pmtmw"
Ey=9.3 GeV
|to/p|> 0.02 GevZ 3480 EVENTS
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T L I 1 i r 1
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b >
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S M E
S 400 . c
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~ | |
(7, — L 1l1]l:q E
r— | -
S 200 - C
> ‘ -
T | B e
O | | 3 - ‘ —— | " E
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05 1 1.5 2 2.5
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Hadronic Physics with Lepton and Hadron Beams Justin Stevens, WILLIAM & MARY 57




yp—o°p asymmetry

* Asymmetry between polarization
orientations (|| and _| ) cancels b
detector acceptance

* More complete analysis of full
angular distributions still required

o 05 0.5
2 - w 0o )
= - NI RN ~ [ Ny-FN GlueX Spring 2016
£ 04 N+, N ! | A .
£ iy LT R , R B R Yp —> W p
03! ATy i 041
— ‘ i{] -
— [ ] (]
0.2 1“ ' _ ¢ i ° ° ®
~ ‘ 0.3 é é
0.1— | _ ¢
- \ N
OE_ ‘ 0.2_—
-0 \ * :
02 | 0.1
- | * . _
-03— ' B
= g, -
—04F ‘ Of
E | | | | | | | _l|||I||||I|||II||||I||||IIIIIIIIIIIIIIIIIIIIIIIII
-0.5 150 100 50 0 50 100 150 0 0.1 02 03 04 05 06 07 08 09 1

v (©) Squared 4-Momentum Transfer -t' (GeV/c)?

Hadronic Physics with Lepton and Hadron Beams Justin Stevens, WILLIAM & MARY 58




YO —= WP asymmetry

Yp — 7T+7T_7T0p

7000

6000 é /n“

A

B

L

2000 E /! \

1000 i /{/ MMW

1600 - M
1400 |\I f
1200

1000 % }; ﬂs]
800 f ll

. [
A k,

8.5 0.6 0.7 0.8 0.9 1 1.1
M o ~

% Probe production mechanism
through multiple decay modes

% Observe expected phase shift and
amplitude ratio for 2 decay modes

o
[}

H
lllllllll

....... Prelimmary++

o o ©
N W

Fractional Asymmetry / 8.0 deg.
o

0.06 < |t| <0.45 GeV?
Statistical errors only
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Previous signals in photoproduction

%* Some speculative ideas to look for “structure” observed in previous
measurements

% eg. Excited vector mesons: p’, w’, etc.

{

3200
: g 400 |

2800
300 -

i

2400

Events/40 MeV

200 -

N
L]

o

o

I
\

—_
o
o
o
T

1. }

1.2 1.4 1.6 1.8 2.0 2.2

n*n nmass (GeV)

Events/40 MeV

1200 -
800 / YpP—> wp-> 7-;-+7f770p@
%00 - JJJ\‘\\M Yp—=> dp- 7T+7T_1T0p

L 1 ] + _ 0
05 10 15 20 25 30 35 yp-> “w'(1670)”p_>ﬂ. T TP

n*n " n'mass (GeV)

Q’ Spectrometer at the CERN SPS: Nucl. Phys. B231, 1 (1984)
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Previous signals in photoproduction

%* Some speculative ideas to look for “structure” observed in previous
measurements

% eg. Excited vector mesons: p’, w’, etc.

BaBar: e"¢” — 7T+7T_ (’y)

[o) . : I , . 10%
3 . T T
S SLAG: vp - n77 7 p o ool
o ~ =
@) i Q - /
Q < = g
£ ’ S 10¢ \'« 0
S 2L ) Q - . 06 07 0.8 09 1
g 10 / p’? 8 1 .. -
Hhit - ]
Ek _ **++\ g 10" & t1 +++ 14 .
L A 1} S + Z
= (@) \t*:':;k:':\\ @) 2 F T —1— ]
© Th— 107 Ew) Tﬂg
PRL 53 751 (1984) l ——f;—\\»““-\ 103 T l e e
5 S I 210 ! 3;:” 0 0.5 1 1.5 2 2.5 3
. \s’[GeV]  PRL 103, 231801 (2009)
My o (GEV/CY)
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Early spectroscopy opportunities

M(n°n%) [GeV]

0.5

llll]llll]llIlllllllllll]lllllllll

—500

400

300

200

100

oO

Yp — bip, b1 — wm

W — Ty

0

W= Ty

% Successfully reconstructing 5y final state and observe b4 signal
consistent with previous JLab photoproduction experiment (RadPhi)
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(SLUEY - future

% Lattice predicts strange and
light quark content for mesons

states in many final states

\
* Search for a pattern of hybrid |

* Requires clean identification of |

charged pions and kaons |

Mass (MeV)

(e
-
-
-

2500 +

exotics

Approximate J'¢

Final States

Mass (MeV)
m 1900 1™ wrrt, 37T, 5, n37rT, ’r)"frT
m 2100 1=
n, 2300 17T
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Strangeness program

wol  €Xotics

JFC Allowed Decay Modes
m 177 blﬂ-a P, 7Tf11 o, 7777,7 nai, 7”7(1295)
m 177 mar, mag i npl an(1300), ny', KK{!, KK

np 177 | KK7, KKy A oy
by 07 w(1300), whi, pfi, nbi
ho 07~ wb1, nhq, KK(1460)

hy 0F- KK (1460), KK{*, nhy
by 2% may, wag, whi, np, nb1, pfi
ho 2+_ TP, ﬂ-bla nw, Wbl

hy 27 KK137 KKfla KKék? 77h1

* Mapping the hybrid spectrum requires: large statistics
samples of many particle final states in strange and non-

strange decay modes

% Experimentally access to strangeness content of the state by
comparing strange vs non-strange decay modes
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Strangeness program: decay patterns

* Experimentally infer quark
flavor composition through
branching ratios to strange and
non-strange decays

B(f5(1525) — 7m)

~ (0.009

B(f}(1525) — KK)
B(f2(1270) — 7m)

~ 20

B(f»(1270) = KK)

* Consistent with lattice QCD
mixing angle for 2" and
predictions for hybrids

* Need capability to detect
strange and non-strange to
infer hybrid flavor content

% "an
11m

il
|
[
18 -
o
T

[—
I
-

uﬂ+dcz-‘:
ss IR
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2500 +

m [/ MeV

1000 -

500 F

3000 F

2000

1500 -

Strangeness program: Y(2175)

Belle:ete™ — ot (y) BESH: J/¢ — nenn~
- ’5 140 ==« backgrounds
081 PRD 80,031101(R) (2009) { 8 ,,f Ly,
\ | 0'6: + - ?;
N 0.4 1 a
- 0.2 ) : of
’ - 01 5 e 2 — l ..... 2 5 — ?3 DI2I - '2I1' - '2I2' = '2|3' B '2I4' - lzlsl 4
O ' E  (GeV) ' M(of (980))(GeV/c)
— CM. PRD 91, 052017 (2015)
PC -- -
* Y(2175) J "=1 state observed by 3 experiments
.,”— ) —
- % Decay pattern similar to Y(4260) in charmonium
o
Y (2175) — ¢ntw™ Y (4260) — J/yrTaT
0—+

* |s it a supernumerary state in the strangeonium
spectrum? Possibly a hybrid?
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(GLUeY. . DIRC upgrade

forward calorimeter

barrel time-of
calorimeter -flight

DIRC

start
counter

target

T 250
E F
> —
L 200—
photon beam = r
150(—
forward drift 100 ;—
chambers -
50—
central drift =
chamber 0:—
. S0l
superconducting - .
= Cherenkov Photon “Ring
_ 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 p—
150500 -1000 500 0 500 1oo|oD _— 15)00 0
mm

* The GlueX DIRC (Detection of Internally Reflected Cherenkov light) uses
recycled components of the BaBar DIRC

* Extends K/t separation, allowing GlueX to study mesons and baryons
containing strange quarks
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