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Quantum Numbers: Quark Pair

Mesons may be characterized by quantum numbers JPC :

~J = ~L + ~S

P = (−1)l+1 ⇐= P̂ | l, ml〉ff̄ = (−1)L+1 | l, ml〉ff̄

C = (−1)l+s ⇐= Ĉ| l, ml〉ff̄ = (−1)L+1(−1)S+1 | l, ml〉ff̄

~L ~S JPC

0 0 0−+ π, K, η, η′ pseudoscalar

0 1 1−− ρ, K∗, ω, φ vector

0++ scalar
1 1 1++ axial vector

2++ tensor
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Quantum Numbers: Flux Tube

For the gluon flux tube, given the inversion rules

Ĉ|cw〉 = −1|cw〉 P̂ |cw〉 = |ccw〉

Ĉ|ccw〉 = −1|ccw〉 P̂ |ccw〉 = |cw〉

the possible quantum numbers for lowest rotational state are:

state P C JPC

|cw〉 + |ccw〉 + − 1+−

|cw〉 − |ccw〉 − + 1−+

How to identify these?
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Hybrid Meson Identification

Naive approach: collide a meson (e.g. π) and look for the
excitations!

Looking at the Quantum Numbers:
0+−

qq̄ × [1+−, 1−+]g −→ [1++, 1−−]qq̄g

- not exotic quantum numbers: these states will mix with those
without excited glue!

But, starting from s = 1 state:

1−−

qq̄ × 1+−

g −→ [000, 1,222]+−

qq̄g ⇐= exotic states! (in bold)

1−−

qq̄ × 1−+
g −→ [0,111, 2]−+

qq̄g
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Experimental Approach

The most obvious spin-1 particle? Photon

◮ Rely on pair production to create s = 1 mesons.

◮ Optimize mean polarization helps analysis to prepare a
definite state of parity

◮ Optimize beam energy: calculations and possible sightings of
excited states suggest that they lie around 1.5 - 2.5 GeV
Cross-section of these decays scales steeply with energy
(8 GeV minimum!)

◮ As usual, optimize the usable event rate
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Polarized Photon Production

The optimal method for producing a polarized, high energy, high
rate photon beam is through Coherent Bremsstrahlung (CB) -
bremsstrahlung in an ordered crystal.

Qualitative Concept of CB:

1. inverse lattice space ⇐⇒ momentum space of the virtual
photons constituting the Coulomb field

2. occupation levels of this momentum space are discrete

3. photons of common occupation scatter coherently with
electrons

4. occupation levels “selected” by kinematics defined in part by
crystal orientation
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CB Spectrum

Figure: Spectrum calculated with expected parameters of the future
beamline. Note the enhancement due to coherent scattering
superimposed over conventional bremsstrahlung background. (Region of
interest to GlueX shaded in green.)
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Crystal Wafer Studies

Figure: Michelson
interferogram of a
diamond wafer

We must learn how to characterize radiators
that will serve in the beamline. Best fabrication
method will be singled out in the process.

◮ Interesting problem under investigation:

How to reconstruct the surface
that generated an interference pattern.
Difficult problem to invert: information is
essentially lost when intensity is measured.

◮ X-ray crystalography studies conducted
as an alternate method of probing
the surface and to varify crystal domain
uniformity over the area of the wafer.
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Photon Energy Determination

Unlike charged particle beams with precisely tuned energy, the
energy of the photon is broadly distributed. How do we know the

energy of the photon generating an event in the detector?

Answer: Post-bremsstrahlung electrons are spectrally analyzed in a
magnetic spectrometer. (Original beam energy very well known.)
The photons are thus “tagged”.

Challenges in Tagger design:

◮ usual care and expense of high-field dipole magnet

◮ high rates in the tagger channels

◮ demanding time resolution

◮ low noise and cross-talk between channels
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Choice of Energy Range

Design choice compromises:

Energy
Performance Parameter ∼ 6 GeV ∼ 12 GeV

Cross-section of exotics low high
Polarization fraction high low
Event rate high low

Range chosen by GlueX: around the pronounced peak 8.4 - 9 GeV.
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State of the CEBAF Accelerator

Figure: 12 GeV upgrade plan.

Currently, bunches up to 6 GeV
are served to Halls A, B and
C. The upgrade doubles the
maximum energy and allows
delivery to the new Hall D.

Hall D is designed
entirely around the photon as
a probe. An extended beamline
is under design to provide
beam of desired parameters.
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General Photon Beamline Scheme
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photon source and tagger building

experimental hallelectron beam dump

tagging spectrometer

crystal radiator mount

fine steering magnets

photon beam pipe

primary collimator and sweeping magnet

photon beam dump

secondary collimator and shielding

Figure: Basic outline of the photon beam line.

Additional tasks for the beamline:

◮ background cleanup

◮ polarimetry and energy calibration

◮ beam position feedback via “active collimator”
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Collaboration List

Institution Collaborators

University of Athens Y. Chatziantonaki, D. Fassouliotis P. Ioannou, S. Katsaganis, C. Kourkoumeli, G.

Voulgaris

CSSM and University of Adelaide B. Lasscock, D. Leinweber, A. O’Cais, L. von Smekal, A. Sternbeck, A. Williams

Carnegie Mellon University R. Clark, G. Franklin, C. A. Meyer, B. Quinn, R. Schumacher

Carleton University S. Godfrey

Catholic University of America H.Crannell,F. Klein, D.Sober

Christopher Newport University E. Brash, D. Doughty

University of Connecticut R. Jones, K. Joo, I. Senderovich

Henryk Niewodniczanski Inst. R. Kaminski, L. Lesniak

Florida International University W. Boeglin, B. Raue

Florida State University S. Capstick, V. Crede, P. Eugenio , G. Riccardi

University of Glasgow D. Ireland, J. Kellie, I. Lehmann, K, Livingston, D. Protopopescu, G. Rosner,B.

Seitz, G. Yang

Hampton University J. Goity

Indiana University A. Dzierba, G. Fox, R. Mitchell, E. Scott, M. Shepherd, P. Smith, T. Sulanke, A.

Szczepaniak, S. Teige

Institute for High Energy Physics S. Denisov, V.Samoylenko, A.Shchukin, D.Stoyanova

Jefferson Lab D. Abbott, J. Benesch, P. Brindza, R. Carlini, D. Lawrence, J. Dudek, E. Smith,

E. Wolin

Los Alamos National Lab A. Klein , Philip Page

Nuclear Physics Inst., Moscow S.U. A. I. Demianov, L. I. Sarycheva

North Carolina Central University A. Afanasev

Budker Institute of Nuclear Physics E. Solodov

Ohio University D. S. Carman, S. Taylor

University of Pittsburgh E. Swanson

University of Regina G. M. Huber, G. J. Lolos, Z. Papandreou, B. Leverington

University of Tennessee T. Barnes
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