Hadron Spectroscopy
at GlueX and Beyond (4)
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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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CLEAS]12 inHal B

* CEBAF delivers 11 GeV electron beam to Hall B

* Linearly polarized photons through quasi-real photoproduction

% Electron scattering provides access to hybrid baryons
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CLEAS]12 inHal B

* CEBAF delivers 11 GeV electron beam to Hall B
* Linearly polarized photons through quasi-real photoproduction

% Electron scattering provides access to hybrid baryons

Overview

Solenoid

seamiine |
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GLUE(WW in Hall D

% Linearly polarized photon
beam from CEBAF 12 GeV

calorimeter -flight

% Large acceptance target

detector for both charged
and neutral particles

diamond
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v

electron
beam

photon beam

—

electron
tagger magnet beam
tagger to detector distance
is not to scale

forward calorimeter
barrel time-of

forward drift
chambers

central drift
chamber

superconducting
magnet
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Photon Beam and lagger

Photon Tagger Pair Spectrometer
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polarized photons

Measured Flux Measured Polarization
e
5 6000 — Diamond: PERP g F , ®  PARA .
;i 50005_ — Aluminum _E ';:E 0-4;— * ; = = PERP _;
S 3000 - 0.2 T -
2 - - = s } $ s
Q. 2000 — 0.1 * ﬁ i —]

10005— 0% #;§ #*#+#E
B85 o | AR S—Y- 9 35 BT

758 85 9 95 10 105 1 115 _ 590 fos 1 115
Photon Beam Energy (GeV) Photon Beam Energy (GeV)

HUGS 2018 Justin Stevens, WILLIAM & MARY 40



\ —
' lil
| .
——
e .
- \\ Q[T'
1 |

(SLUEY.~ Construction (~5 years)

ﬂ‘\_l—_.rl ‘I;'T»Ju—au,n- | o - .
:1! i AL

. ! o ‘;-
= e BB “_'Ll .

e | AT
1
. - \ l
— e ——

HUGS 2018

Justin Stevens, WILLIAM & MARY 41




“Typical” yp—=1m+11p event

top view (looking down from above detector)
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side view from beam right (south)
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Exotic JPC In photoproduction

—_— Meson X with
~ soop  exotics | | particular JPC

Production through t-channel
“quasi-particle”exchange
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Non-exotic JPC in photoproduction

g ; 2000 0 p
| D — | i 7T7 n, 1
g - — \4 _y— -
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‘ S 500 | Exchange J
lh g - y 1 : w’ IO
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| = _ i D p "
’!‘ 1000 | 1 e O
I S
| g |
.. 17~ |
| L — * Begin by understanding non-exotic
e 500 | | production mechanism
" I | L
0+ J PC : % Linear photon beam polarization

L - critical to filter out “naturality” of the
exchange particle
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High-Energy 7° Photoproduction from Hydrogen with Unpolarized

Farly GLUEY .~ physics: yp—T°p

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. Worcesteryf

Havrvard University, Cambridge, Massachusetis 02138

{Received 25 June 1971)
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Farly (GLUEX, .~ physics: yp—Top

Y 0

\ =

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

R. L. Anderson, D. B. Gustavson, J. R. Johnson, I. D. Overman, D, M. Ritson, and B. H, Wiik o
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% Beam asymmetry 2 provides

Yp— 10 beam asymmetry 2.

insight into dominant

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

% No previous

measurements!
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JEL : Mathieu et al. PRD 92, 074013
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0 and n beam asymmetries

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

Plane Parallel to Lab Floor
(same as PARA polarization plane)
pea
o8

\)

o =00 (1 — P,Xcos2(p, —gbgn))

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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Phys. Rev. C 95, 042201 (R)
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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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W

udoscalar beam asymmetries

1.4

7% Normalizatiol
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Uncertainty
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Consistent with prediction
from J*¢: PLB 774 (2017) 362

Neutral pseudoscalars: 2~1, dominated by vector exchange
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Pseudoscalar beam asymmetries

------- B.G Yu (Korea Aerospace U.), arxiv:1611.09629v5 (16 GeV)
J. Nys (JPAC), arxiv: 1710.09394v1 (8.5 GeV)
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Charged pseudoscalars: more complicated -z dependence
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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: cte™ — 7T+7T_ (77)
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| e I i
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My (GEV/C?) \s’[GeV]  PRL103,231801 (2009)
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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.
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Early spectroscopy opportunities

+ o
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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

1

5 0.9

Yp — 4p

* Previous photoproduction &
data very sparse for channels = s
with multiple neutrals particles 0.4
0.3k

* Early opportunity in nr/n’n g

since P-wave Is exotic
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Early spectroscopy opportunities
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% Successfully reconstructing 5y final state and observe b1 signal
consistent with previous JLab photoproduction experiment (RadPhi)
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Mapping the meson spectrum

PRD 88 (2013) 094505
3000 negative parity ] positive parity I exotics -
- - = —
2500 | - - ol 4- . — . B | B - -:
s W = R T R
[}) ’ — [ - o ++ 4T o4- - 0 2t
= A — 3 3 -
<= 2000} I — — N
2| -, - B
g | = - _A/CLQ(1320)
£ 10| — -
2 - ~p0270)
= 1+t I
my = 391 MeV |
243 x 128
£
isoscalar M
isovector ||

* Already studying polarization observables for “simple” final states

* Beginning to identify known mesons in multi-particle final states
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Amplitude Analysis

* Expand set of possible amplitudes over

Namps 2 many X and I, and determine V, via
L AN L maximum likelihood fit
I[(7) = — = Y Vado(Z)
I
“ % Good angular acceptance critical for

disentangling JPC

0 — Tt
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) 800;— o
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_|_ 400~
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X (2 T ) e Ay | ] ool
oM ooy AR W g ) R 400?—
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4 \ | 05 1 950304 o6 '_'o'.s' '.'1'.0' 12 14
¢ 2 61 -0.5 cos 0 q) 7 (_)1 0.5 cos 0 a'm Invariant Mass [GeV/c?]
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GL% Amplitude Analysis
GuueX” Simulation

P

* Simulate production of
kKnown resonances and
exotic hybrid (1-+) signal
with 1.6% relative strength

* Yields correspond to ~3.5

hours of GlueX data

taking (at full intensity)
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MesonkEx Amplitude Analysi
S12 Simulation

HUGS 2018
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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

Mass (MeV)
S
S

2500 +

exotics

Approximate J¢

Final States

Mass (MeV)
m 1900 1™t wrnt, 3xT, 5r, n37rT, ’r)'7rT
m 2100
N} 2300
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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) ~ 0.000

B(f}(1525) — KK)
B(f2(1270) — 7m)

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

11

' uﬂ+dcz-‘:
ss IR

HUGS 2018
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Strangeness program: Y(2175)

3000} Belle:ete™ — oo™ BESII: J/¢) — nonT o™
| B n
-I l ' l ' I l l l l ! ' ' l l i g 140:— =nus backgrounds
081 PRD 80,031101(R) (2009) { 8 ,,f e
2500 | 0.6 : 1 S mf
L, [ i % 30:
N 0.4 1 a
2000} - 0.2 40
E PRRRPPPET Laaf \ ‘1 ey ekl "I ...f;" i
= ! - ECM (GeV) M(¢f0(980))(GeVI )
1500 + ' PRD 91, 052017 (2015)
* Y(2175) JPC=1-- state observed by 3 experiments
1000 1"— L
1___ % Decay pattern similar to Y(4260) in charmonium
- 1] -
! Y (2175) — ¢t~ Y (4260) = J/yrtwT
0—+
* |s it a supernumerary state in the strangeonium
spectrum? Possibly a hybrid?
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Strange hadron spectroscopy

* JLab strange quark program upgrades

CLAS 12 GLUEXWW
ny-e]-
NI\

HUGS 2018 Justin Stevens, WILLIAM & MARY 67




Charged particle identification

* Charged particles traveling faster than the Nuclear Reactor
speed of light in a medium emit Cherenkov light

* Wavelength dependence: 1

* Cherenkov angle: 9 1
cost,. =
© o Bn(N)

* Determine 3 = v/c, separate kaons from
pions by difference in mass
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Particle |dentification: DIRC

%* DIRC: Detection of Internally
Reflected Cherenkov Light

* Pioneered for BaBar
detector at SLAC PEP-II

* Image photons to measure
Cherenkov angle

Expansion
Volume

Cherenkov Photon

Trajectories \

Sensors
Particle
Track .
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Particle [dentification:

%* DIRC: Detection of Internally
Reflected Cherenkov Light

* Pioneered for BaBar
detector at SLAC PEP-II

* Image photons to measure
Cherenkov angle

Central
Support === Support
Tube 7/ Gusset
e+ |
~a

Bucking
Coil

Strong oy s &
Support g =~ Standoff
Tube Box
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Particle |ldentification

%* DIRC: Detection of Internally

Reflected Cherenkov Light

* Pioneered for BaBar
detector at SLAC PEP-II

* Image photons to measure
Cherenkov angle

Central
Support = Support
Tube Gusset
e+
~a A
Bar
Box
Bucking e-
Coll
Standoff

Tube © Box

HUGS 2018

BaBar finished data
taking in 2008

ge
ad

WE RECYCLE!
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(GLUeEY. - DIRC o
%

Final shipment from SLAC to JLab this today! RECYCLE

Central
Support —s—— Support
Tube ~ Gusset

Bucking
Coil

Strong | 1T
Support e = Standoff
Tube - Box
/ R
= =

Follow the trip: tl&!ithéf" @GlueX_DIRC
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https://twitter.com/GlueX_DIRC

(SGLUEY.- DIRC

forward calorimeter

barrel time-of
calorimeter -flight

DIRC
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—
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’ forward drift 150
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* 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

HUGS 2018
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(SGLUEY.- DIRC

forward calorimeter

barrel time-of

DIR
calorimeter -flight c

start
counter

target

photon beam

forward drift
chambers

central drift
chamber

superconducting
magnet

* |nstallation and commissioning

begins this year!

% Installation complete by 2019
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Summary :

* The GL% experiment is
commissioned and the initial
meson program is well
underway

% Early measurements aimed at
understanding the meson
production mechanism through
polarization observables

% Cherenkov detectors provided
access to strange quark sector
enhancing the discovery
potential for hybrid mesons

Supported by DE-SC0018224 @) ENERGY

photon beam
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Further Reading

* Light isovector resonancesin m p — T

Compass Collaboration
[arXiv:1802.05913]

% Searching for the rules that govern hadron
construction
Matt Shepherd, Jozef J. Dudek, and Ryan Mitchell
Nature 534 (2016) 487

* Hybrid mesons
Curtis A. Meyer and Eric S Swanson, Progress in
Particle and Nuclear Physics 82, 21-58 (2015)
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https://www.nature.com/articles/nature18011

Backup
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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 |
m 1900 1=t 81—-168 117 ' naq, mn(1295)
m 2100 1=t 59-158 107 0), ', KK, KKE
' 2300 1=t 95—-216 172 KKE, KK{#, KK*,
bo 2400 0F— 247 —429 665 7w (1300), whi, pf1, nbi
ho 2400 0~ 59 — 262 94 7b1, nh1, KK (1460)
. 2500 0t— 250 —490 426 KK (1460), KK{*, nhy
bo 2500 27— 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. 7f1, ™, 7', 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 0F— 247 —429 665 77(1300), 7hi, pf1, nbi
ho 2400 0t— 59—-262 94 mb1, 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

1(1400) — ntt

* Not likely a hybrid: dynamical origin or 4-quark state?
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Compass: PLB 740 (2015) 303
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Evidence for 1-+ exotics

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

* 111(1600) — mrtr, n’m, bqm, etc.

Compass: PRL 104, 241803 (2010)

x10°
3.5 :_ a (1320) L. . ot S50
: 2 [ ] event distribution 800 I"T"pr P (d) F { (a)
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= > 500F B F
i 2t m,(1670) e F g -200¢ |
S 15F < 400E 2 250 F o t * l
g Z 300F g : PNy
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Evidence for 1-+ exotics

* 11(1400) = N

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

* 111(1600) — 1t n’m, bqm, etc.

171" P-wavepn (T T TY)

A high wave I \
154 /A low wave } (a) - 4 - (b) I{I_

E852: PRD 73 (2006) 072001

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

A high wave

: 1_§§i A lowwave |
HIIII ﬂ 1T A®QRYT-17H

1.2 1.4 1.6 1.8 2.0

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

|—é:|_'
1
radlans (radians)

events(K)/0.025 GeV/c?
o B
ﬁﬂ \

o

1.2

* Not observed in yp — n ittt at CLAS: charged vs neutral exchange?
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Quantum number counting

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

-> Proceeds via w coupling

0 1"" Tc 1- +
\I/M/{,/ VM’\/.l ()
PO ok TP pt 1)
27500 X ;TC" 1(0™) ok
C Conservation G-Parity Conservation

5
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