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Hadronic Matter

The Quark Model of hadrons works surprisingly well, yet the
Quark Model is an approximation to QCD

However, QCD allows for a

: 1 . much richer spectrum of
We can use 1t to build “hadrons”, hadronic matter

particles of matter with sizes ~1fm
mesons baryons

Quark Model
Hadrons
mesons baryons
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tube-like hybrid

q

PC gt g+
Jﬂux—tube =1 ’ 1

Excitations of
the flux tube
can give rise
to gluonic
hybrid
mesons
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LGT predicts lightest

JPC=1+ exotics w/

mass of ~2 GeV

Recent Lattice QCD calculations®
exhibit spectrum patterns consistent
with a bag-like constituent gluon
model
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bag-like hybrid
*Phys.Rev. D82 (2010) 034508



Lattice QCD Predictions
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Using PWA to ldentify

JFC States

[(T)= Z ee'pee,(T)Z ke'VZ,e'AZ,(T)kEVaEAa(T)
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For unpolarized beam & target:
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Helicity Decay Amplitudes

unknown

A(X y ( T) — A?{lAz"M % Al‘;lo Vardy Complex parameters varied in the PWA to fit the data
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D- Clebsch-Gordan (like Breit-Wigner, K-matrix, ...)
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A Total Intensity

Partial Wave Analysis

Step 1: Decompose to Partial Waves

X—)pl—l—pz—l—p3—|—,,,

Bin by Bin
Likelihood Analysis
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Partial Wave Analysis

Step 1: Decompose to Partial Waves
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Partial Wave Analysis

Step 2: Extract Resonance Parameters

A Total Intensity
N Mass Dependent

) { Relative Phase[a,[i] .
. ! i Analysis 7
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[ Exotic Hybrid Candidates Ny

Exotic hybrids will not mix with nearby q g states

several (16““)  most

candidates exits! :
convincing!

HSg
JPC — 1 +
o0 T (1600)
n°1(1400) d’tlg
® > |

But there 1s a rich history of controversy

7 (2000)
Multiplet 17



T (1600) — TU" U TC

{ ! | 1500

+

A(p“ -2 2.4 I 1 L s | 1 i i

lq lﬂ |7 |5 1.5 1.6 1.7 18 15 lﬁ 1.7 |R 1.,5 1.6 L7 IS8
Mass (GeV/e?) Mass (GeV/e?)

Figure: S.U. Chung et al [EB52], Phys. Rev. D65 072001
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Recent Results from Jefferson Lab CLAS

CLAS ¢g12 Experiment photo-production
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CLAS g12
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Non-resonant 1 exotic wave

Yp—Nn
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Strange Hybrids

7T, (1600) —» n'm _ Excited strange

1500 c. | companions to exotic
%1000‘ I states with JP =1-

0] i ] _ )

o | \_\ - A . . Only 3 Known 1- Strange states:
= sl " & R K*(892), K*(1410), K*(1680)
2 |1 ]

q:;) 0 £ L owi g s |y .+.+4.

w 15 20 GeV/c 3

Mass(1) ) |
Ivanov et al., Phys. Rev. Lett. 86, 18 (2001) FC=1+

Exotic states



Strange Hybrids

7T, (1600) —» n'm _ Excited strange

%.1 500" o Lo, 4 compani.ons to exotic

Emoo— * d ' states with J* =1-

s It 1 e V' KH 892, KH(1410), KA (1680

: 0?+_++; Will be difficult to
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Ivanov et al., Phys. Rev. Lett. 86, 18 (2001) e =1+ P=1-

Exotic states

-~

: 3 ; & ,
o g ) |
K . o)
@] fx D\\ i \\x
=] -

Radial Excited 1~ Orbital E;citea 1- Gluonic Excited 1-



K+

CLAS gl2 Wﬁ_
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Kttt PWA Results for J' =17

preliminary CLAS g12 Iml 1UP) = )
PWA Results of 1* S OMITTED FROM SUMMARY TABLE
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Kttt PWA Results for J' = 1-

CLAS g12
PWA Resultsof 1 P
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Are Hybrids Produced by Glue-rich Processes?

Pion Production
o

Photoproduction

TT TT
Y - ’
e X N )fl,bl
4 : Pomeron
T . exchange

exchange

PN

observed resonant exotic signal

P n

no resonant exotic signal

Non-observation of it.(1600) in charge exchange photoproduction is consistent
with exotic production via Pomeron

Non-observation of the K*(1680) in charge exchange
photoproduction may hint to hybrid nature

Additional Data is Needed




Meson Spectroscopy
at JLab 12 GeV

\ —

.geff;?son Lab

-
Jefferson

Max Pass energy: 2.2 GeV
Max Enery Hall A-C: 10.9 GeV
Max Energy Hall D: 12 GeV

CLAS12

See talk by Andrea Celentano on the current status



FAIR @ GSI

The PANDA Experiment

SIS 100/200 |

A study of antiproton annihilations on
nucleons and nuclei in the energy range of
strange and charmed hadrons

UNILAC Physics
Nuclear 7~
Collisions Atomic

Physics

Anti-Proton

ANnihilation at

DArmstadt

Data taking ~2020
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Summary & Outlook

h '*“of hgdr'ons works SUPPEISI?\QW well
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Observation
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Photoproduction of Gluonic Excitations

e It has been pointed out'>? that in the case of photoproduction exotic g
hybrids should be produced copiously. | i

* Recent lattice calculations show that the strength of charmonium hybrid
radiative decays are similar to normal mesons*

s e
pseudoscalar probe | vector probe
- —p>
PC PC_ 4| | ~T
JPC ® JPC_ I-- ]‘H' quarks'] ®glu0n'] - O ) 1 2 )
quarks gion” T 4 o T o

* Very little photoproduction data exists!

!Close et al. Phys. Rev. D52:1706 (1995) >Afanasev et al. Phys. Rev. D57:6771 (1998)
3Szczepaniak et al. Phys. Lett. B516:72 (2001) * Dudek et al. Phys. Rev. D79:094504 (2009)



Meson Photoproduction Data*

Yp T T T N

Virtually unexplored production

E =54 & 43GeV E ~19GeV
Ballam et alj PRL 23, 1322 (1969) Condo et al., PRD 43 #9, 2787 (1991)
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~600 events

*Existing Data prior to recent JLab results



COMPASS: Update on the

17" Exotic in 37

o
5 It *
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et e !n P The 1 is non-resonant at
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