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I have been using the constituent quark model for many years
now as a tool for understanding the spectrum and properties of
the low-lying mesons and baryons. For most of this time I have
been painfully aware of the difficulty of understanding from first
principles (1.e., from QCD) why such a model should work. I
have nevertheless had faith that we would eventually be able to
justify the use of this model simply because it 1s such a good
representation of the physics.

At the same time, the picture I will propose to rationalize the
success of the quark model (wh1ch 1S related to the old strmg
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What exactly 1s an exotic meson?

Mesons outside of the Naive Quark Model (NQM)

Glueballs
Hybrids
Multi-quark

‘Manifestly Exotic’
Mesons that must be outside of the NQM
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Questions:
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Questions:

Do exotics exist in theory?
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Questions:

Do exotics exist in theory?

Do exotics exist in experiment?
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Do exotics exist in theorv’

Do exotics exist in experiment?
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There are known knowns. These are things we know that we know.
There are known unknowns. That is to say, there are things that we
know we don't know. But there are also unknown unknowns. There

are things we don't know we don't know.
Donald Rumsteld
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Why phOtOprOdUCtiOn? Isgur & Paton
Phys. Rev. Lett. 54, 869-872 (1985)

We would suggest that high-mass meson diffractive
scattering will be particularly rich in hybrids. In the
case where the beam flux tube is simply ‘‘plucked’’ by
the target one will produce hybrids with the flavor and
spin of the beam: A 7 beam would, for example, pro-
duce by this mechanism the nonexotic /=1, JFC
=1%* and 1=~ hybrids. More complicated spin-flip
and quantum-number exchange mechanisms in which
the hybrid i1s produced by quark scattering rather than
pure glue scattering could produce the other hybrids,
including the desirable exotic ones. Diffractive pho-
toproduction, on the other hand, can produce
“plucked’ p, w, and ¢ states and so could be a good
source for all four of the desirable exotics y,' ~, z5t ~,

x;_ ¥, and yjy Traditional ‘‘gluon-rich’> channels
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From Dudek, et al.: Mesons on the Lattice

meson spectrum Ne=3(s,s,s) mz~700MeV
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From Dudek, et al.: Mesons on the Lattice

[ exotics - world summary ]

previous
studies

quenched

dynamical

0.1 0.2 0.3 0.4 0.5
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From Dudek, et al.: Mesons on the Lattice

[ exotics - world summary ]

For now we see through
a glass, darkly

previous
studies

quenched

dynamical

0.1 0.2 0.3 0.4 0.5 6 m2/GeV?
7T
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The Partial Wave Analysis ‘Isobar’ Technique
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The Partial Wave Analysis ‘Isobar’ Technique
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The Partial Wave Analysis ‘Isobar’ Technique

K,y
T,
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The Partial Wave Analysis ‘Isobar’ Technique
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The first exotic: BNL-E&52 T p—NT P
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FIG. 2. Distributions of a.) the cosine of the decay angle in the Gottfried-Jackson frame for
events with 1.22 < M(nm—) <1.42 GeV/c?, and b.) the forward-backward decay asymmetry as a
function of M (nm—). The asymmetry = (F — B)/(F + B) where F(B) is the number of events for
which the n’s momentum is forward (backward) in the Gottfried-Jackson frame. The dashed curve

and the right-hand scale in a.) show the acceptance in this mass region.
Jefferson LdC T D.P.Weyganc

®Thomas Jefferson National Accelerator Facility

Monday, June 14, 2010



nn Partial Wave Analysis
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Crystal Barrel A. Abele et al., Phys.Lett.B423:175-184,1998.

pd — nm~7"n(p)

1.5 2 2.5 3
m* (nrn”)  (GeV?®/c")
Fig. 1. Dalitz plot (not acceptance corrected) of the final sample

of m m"n events from the annihilation reaction pd —
™ W!'.npspcc!;:l-.r: “'ilh P( psp'.’\.lql:.‘t)< 100 N‘lC\’/C.
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http://www.slac.stanford.edu/spires/find/hep/wwwauthors?key=3762858
http://www.slac.stanford.edu/spires/find/hep/wwwauthors?key=3762858

Crystal Barrel A. Abele et al., Phys.Lett.B423:175-184,1998.
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http://www.slac.stanford.edu/spires/find/hep/wwwauthors?key=3762858
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Crystal Barrel A. Abele et al., Phys.Lett.B423:175-184,1998.

- ¥ (fit—dota)
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http://www.slac.stanford.edu/spires/find/hep/wwwauthors?key=3762858
http://www.slac.stanford.edu/spires/find/hep/wwwauthors?key=3762858

Crystal Barrel A. Abele et al., Phys.Lett.B423:175-184,1998.
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http://www.slac.stanford.edu/spires/find/hep/wwwauthors?key=3762858
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Crystal Barrel A. Abele et al., Phys.Lett.B423:175-184,1998.
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nn Partial Wave Analysis, BNL-E852
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nn Partial Wave Analysis, BNL-E852
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nn Partial Wave Analysis, BNL-E852
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COMPASS CERN-SPS fixed target

2004: 2 days, 190 GeVn beam Pb target
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Fig. 1. Invariant mass of m—7—xt final Fig. 2. Dalitz plot for mo(1670), selected by
states for 0.1 < t' < 1.0GeV?/c?. a 11" cut around its nominal mass.
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COMPASS CERN-SPS fixed target

2004: 2 days, 190 GeVn beam Pb target
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Fig. 1. Invariant mass of m—7—xt final Fig. 2. Dalitz plot for mo(1670), selected by
states for 0.1 < t' < 1.0GeV?/c?. a 11" cut around its nominal mass.
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COMPASS CERN-SPS fixed target
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COMPASS: Major waves
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COMPASS: Major waves
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COMPASS: Major waves
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g6c: Major waves YpP — i o (n)

(<2% of a»)

Nozar, et al
Phys.Rev.Lett.
102:102002,2009.
e-Print: arXiv:
0805.4438 [hep-ex]
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vp — pr T

g12 CLAS photon
run

Diane Schott, FIU

Calculated Missing Mass From P n+ n- Versus Invariant Mass of 2y

Calculated Missing Mass Off of Prt+n S =

Invariant Mass of 1 nt-

Mean 0.3011 Entries 21126
RMS 0.2215

%2/ naf 82.77/6 Mean  1.307

Constant 9409 + 52.6
Mean 0.5461 + 0.0002 RMS 0.2642

Sigma 0.03287 = 0.00027

12 1.4 6 . 1.2 1.4 1.6 1.8
MM(prt+r-) (GeV) Invariant Mass n- (GeV)

Entries 616038 Entries 60814
Meanx 0.1364 |0 Mean 1.44
Meany 0.2379 RMS 0.2399
RMS x 0.2
RMS y 0.2047

0.01 GeV/
bin

1.6 1.8
Invariant Mass of p i+ (GeV)

MM(pn+n-)? (GeV?)

Jefferson Lab

® Thomas Jefferson National Accelerator FaC|I|ty _/ _ - 0 I 1 I 0

Monday, June 14, 2010

D.P. Weygand



Summary

Jeﬂg'?son Lab

®Thomas Jefferson National Accelerator Facility

Monday, June 14, 2010



Summary

Do exotic mesons exist in QCD?
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Summary

Do exotic mesons exist in QCD?

Using a new quark-field construction algorithm and a large variational basis of operators, we extract a
highly excited 1sovector meson spectrum on dynamical anisotropic lattices. We show how carefully
constructed operators can be used to reliably identify the continuum spin of extracted states, overcoming
the reduced cubic symmetry of the lattice. Using this method we extract, with confidence, excited states,
states with exotic quantum numbers (0*-, 1-*, and 2+°), and states of high spin, including, for the first
time 1n lattice QCD, spin-four states.
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Is the question any longer interesting
experimentally?
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