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Confined States of Quarks and Gluons
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mesons baryons

glueballs hybrid meson

QCD predicts more types
of states than
just mesons & baryons

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), (@qqqqd), etc., while mesons are made out
of (qq), (qqqq), etc. ... Phys.Let.8 (1964) 214

Can we observe explicit
gluonic degrees of freedom
in nature’s bound states?
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Hadron Spectrum

* QCD Lagrangian has quark and gluon
d.o.f. = spectrum of hadrons?

* Gluon-gluon interactions give rise to states
with gluonic excitations.

* Lattice QCD predicts a rich spectrum of q

hybrid mesons.

* A subset of these has an distinct signature:
“exotic” JP¢, not possible from the simple,
non-relativistic quark model.
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Hybrid Searches

Approximate J©¢ Total Width (MeV) Relevant Decays Final States
Mass (MeV) PSS IKP
T 1900 1" 80—170 120 bimt, p‘er, fimT, am wrnt, 3wt 5, 7737rT, 'r)"irJr
m 2100 1" 60—160 110 arm, fin', 7(1300)7 47, ndm, mymr!
ng 2300 17t 100-220 170  K:(1400)K', K;(1270)K", K*K' KKrrn', KK7', KKw'
bo 2400 0"~ 250—430 670 7(1300)m, him 4
ho 2400 0"~ 60—260 90 bim’, hin, K(1460)K wrn', n3r, KKmm
hi 2500 0"~ 260 —490 430 K(1460)K, K1(1270)KT, han KKnr', n3r
bs 2500 2+~ 10 250 az', arm, ham 47, nrr’
ho 2500 2+~ 10 170 bynt, prl wrn!, 3

R 2600 27 10 —20 80  Ki(1400)K', K, (1270)KT, K5 K1 KKnn', KKn'

Compass: PLB 740 (2015) 303

(9]}

—

e O
e O
o O

3000
2000
1000

Events / 40 McV/c2
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Collaboration
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The Setup

| . o . SIOMB+} forward calorimeter
* High statistics samples of multi- hasal  thne-of
particle final states provided by large calorimeter -flight
target

acceptance detector for both charged
and neutral particles

* Resolutions:
*y. og/E ~6%/VE ®2%

*q: 0p/p~2_5% photon beam

forward drift

diamond
chambers

wafer
central drift

chamber

/‘————

’
\ electron
tagger magnet beam

superconducting

electron magnet

beam tagger to detector distance
is not to scale
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Diamonds “sparkle”

JD70-100 scan 4 fit peak centroid
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Data Taking

Generated: April 25,2016
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©2014-2015: Beam and
detector commissioning
e Spring 2016: Detector
commissioning and first
physics results
» 10" y/s in coherent peak
8.4 <Ey<9 GeV
e Golden period: ~80 hours
of beam time
©2017-> physics program:
* 100 days @ ~10 (10x stats)
*High intensity running;:
* 200 days @ ~5x10” (100x olazZ

i 5 10
stats) Integrated Beam Tlme [DaéS]

Event rate 55kHz, data rate 900 MBytes/sec 2P

Grue- S'pring 2016

1 Polarization
|| Polarization

201

Unpolarized
Total

10+

Number of Events Collected / 10°




Data Taking

©2014-2015: Beam and . 110 Date printed: 2017-03-07
detector commissioning . - Tottrigs = 48.7 B
e Spring 2016: Detector © o+ Otrigs=10.3 B (21 %) /
.. ) . . 45 trigs = 9.5 B (19 %)
commissioning and first . . 90 trigs = 11.8 B (24 %) / ‘
physics results + + 135trigs = 9.9 B (20 %) ¢
10" y/s in coherent peak g ,l° * AMO 95 =608 (12 %) /
8.4 <Ey<9 GeV Li
e Golden period: ~80 hours ¥ /
of beam time = /
©2017-> physics program: /
* 100 days @ ~10" (10x stats) 1| / JRARE
*High intensity running;: Y, M‘”*~M e e
e 200 days @ ~5x10” (100x gl 2T

0 10 20 30
stats) Days from start

Event rate 55kHz, data rate 900 MBytes/sec; 2 Pb



Beam Asymmetry X: Yp—>pit

e Low hanging fruit: asymmetries o W pl? —|h +b|?
(acceptances cancel) w + p|? + |h + b|?

i !

e Asymmetry: information on the ~

production mechanism

e The production mechanism is an

effective ]PC filter (non-exotic here) p
e SLAC 7V results from 1971 Exchange J©¢ 3
17 tw,p +1

e No nresults exist!
17~ :b,h -1
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Beam Asymmetry Extraction

TTTT

Meson Production Plane

¢

Plane Parallel to Lab Floor
(same as PARA polarization plane)
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Y and n Beam Asymmetrles

w 1'4 LB LI I L LI LB
-

T, — vy

* Data compared to Regge
osf theory calculations
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At Regina: yp—pn.pn’
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* World n/n' photoproduction data on
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At Regina: yp—pn,
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Summary & Outlook



Summary & Outlook

» Gluonic field excitation leads to a new spectrum of mesons.
Theory (LQCD) makes detailed hybrid multiplet predictions.

v Successful commissioning and early physics analyses

v'First production run completed: yp—(p,w,®)p, Yp—(T%,n,n ")p, etc

® Study production mechanism: beam asymmetries, cross sections,
spin density matrix elements, PWA

® Comparison with previous measurements and models, plus more

® Detector upgrade for improved K/m separation 2018+

® Other: Primakoff program for n decay width and 1* polarizability

17



Acknowledgements

Gui%gﬁg‘/‘i’?\’,
LEARN MORE ment

e Particle Adventure ‘geffazon Lab
 portal.gluex.org
« www.hdalld.org ® gﬁfﬁg

 www.gluex.org
UNIVERSITY OF

&, REGINA

Regina Team members:
T. Beattie, A. Foda, G. Huber, G. Lolos, A. Semenoy, I. Semenova, A.Teymurazyan

Thank you!



Backup Slides



The Beam Line

Photon Tagger Pair Specirometer
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The Beam Line
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East ARC Beam Dump  select ©<25 ur  Spectrometer
.’ ' polarized photons
Measured Flux Expected Flux
BRI BRI B BN AL BLELEL R AL BLLELEL BLELELEL 'gmr
P 4 = . — .
z °F  (a) — Diamond: PARA - S /| Flux on Tagger
= - . - o
S 6000 — Diamond: PERP  — Bao0 P S |
e - — Aluminum - 5 : -
< 5000 = :
- - 3000
3 4000} 3 : ‘
c E _ ! ‘L___ __-4!
E 3000} E 2000 | A
O 2000 — / |Flux on Target |
- . 1000 |- i
1000E- E : Polarlzed flux
Lo1os s L1 os s L1 y oo by e vy oy e by e s e 1 s —
7.5 8 8.5 9 9.5 10 10.5 11 11.5 n

Photon Beam Energy (GeV) 6 7 8 9 10 11 12
Photon Beam Energy (GeV)

20



The Beam Line

Photon Tagger
North LINAC
Linear polarization \
separates -~ Diamond Radiator
East ARC
natural and

unnatural parity

* Triplet production
Ye —e€e e’ e
* Known analyzing power
do ~ 1=+ PYcos(2¢,.-)

* Measure beam polarization
independent of spectrometer

arXiv:1703.07875

_|_

Polarization

. Electron

Photon
Beam Dump
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spring 2016 N — 1 U T° Mass Spectrum
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n Background

P — PYY
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= S B o background (MC)

= 10° - Ny

o o E f YP — PYY

= -

= n

8 102 E

= N
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3000 ¢

Meson Mass (MeV)
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positive parity
e
; gt+ ., l-—+
a9(1320)]
| ea(1320)]

exotics
-
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.
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24% x 128
f -
isoscalar B
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my = 391 MeV

* Already studying polarization observables for “simple” final states

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




Linear Polarization

assume that X decays into two spin-less mesons: a and b

]% : _and that e is also spin-less
“{ 'S ‘ - N . ~ A
l . 1 e = —cospn + sing(n X k)
AV o a
N X —a+b R A “
" l| et p d A tizati i n=kxq
s — . 9 quon 1zanon axis
| e é AN £ e =
/\\ / m determined by polarization of photon
e
Pt Pr b Y, =0, ¢) = Yfl(ﬂ, ¢) x Py(cosf)et?
For circularly polarized photons: m=+1 orm = -1 w)  W(0,¢) x|Pcos)|? Linear polarization
separates
For unpolarized photons: =) — " e natural and
equal mixture of m=+1 and m = -1 V{6, ¢) o | Fe(cos )| unnatural parity

; J Essential to isolaie the "
i production mechanism '
 For y - linear polarization: =  W(0,¢) = |Y,"" + Y, !|* « | P(cos 9)|' ! | ("e7) it X s known

L {1V A JPCfilter if “e” is
States of linear polarization are eigenstates of parity: | § known (via a kinematic

access to the nature of the exchange particle. ~~~ J1239

[ For x - linear polarization: =)  W(8,¢) = |Y,"" — Y, |2 x | Py(cos 9)|’ :

25



