
φ-meson Photoproduction by 
Using a Beam of Linearly-Polarized 

Photons 

HADRON 2007

ROME, ITALY 

OCTOBER 9TH , 2007

Julian Salamanca, Philip L Cole and The CLAS Collaboration



Outline
Motivation

OZI evading/respecting 
VMD (Vector Meson Dominance)
Spin Density Matrix Elements

φ-meson Photoproduction
CEBAF (Continuous Electron Beam Accelerator 
Facility )  
Coherent Bremsstrahlung Facility at CLAS 
(CEBAF Large Acceptance Spectrometer)
Event Selection



OZI evading/respecting  process 

• Okubo Zweig Iizuka rule: In strong interaction processes 
where final states can only be reached via quark-
antiquark annihilation are suppressed. You cannot cut 
gluon lines in the OZI picture.

• Experimentally this decay 
mode is: (15.3 ± 0.4)% ~84% of the ~84% of the ΦΦ decaydecay isis OZI OZI 

respecting.respecting.

(49.2 ± 0.6)%

(34 ± 0.5)%



VMD



Previous Measurements 

J. Ballam, G. B. Chadwick, et. al., Phys. Rev. D 7 3150(1972).



Previous Measurements: 
Spring-8 used a beam of  
linearly polarized photons
(forward direction |t|<0.4 GeV 2)

•• T. T. MibeMibe, , ““Measurement of Measurement of φφ
meson meson photoproductionphotoproduction near near 
production threshold with production threshold with 
linearly polarized photons,linearly polarized photons,”” PhD PhD 
Thesis, Osaka University, Japan Thesis, Osaka University, Japan 
(2004), unpublished.(2004), unpublished.

•• T. T. MibeMibe et alet al. Phys. Rev. . Phys. Rev. LettLett. . 
95, 182001 (2005).95, 182001 (2005).



VMD

High |t| regime g8b
Central Region

?

Central region
Non VMD ?

Low |t| regime (Spring-8 + SLAC)
Forward Direction

VMD

|t|



The Decay Angular Distribution
Spin Density Matrix Elements

*Those are calculated in φ rest frame (Helicity Frame)

Linearly polarization gives access to six more density matrix elements



Spin Density Matrix Elements
IF VMD:

• Density matrix elements should be  equal to 
ZERO butZERO but ρ1

1-1 and Im{ρ2
1-1} 

• ρ1
1-1 , Im{ρ2

1-1}  = (1/2, 1/2 : Pomeron) 

• ρ1
1-1 , Im{ρ2

1-1}  = (-1/2, 1/2 : Meson) 

If not: 
• Knockout processes take place
• Interesting physics beyond VMD



φ−Photoproduction:
g8b experiment

Linearly Polarized Photon Beam

Target: Hydrogen

p( π, η, η’, ρ, ω, φ, K,Λ)



Experiments with Linearly 
Polarized Photons at CLAS

The Coherent Bremsstrahlung Facility at CLAS

Goniometer
and

Diamond

Photon 
Tagger

Active 
collimator

Pair
Spectrometer

Polarimeter

CLAS detector

Beam
Profiler

23m LH2 target

Requirements for Requirements for 
Coherent Coherent 
BremsstrahlungBremsstrahlung

Low Low emittanceemittance, stable , stable 
beam beam 

High quality thin High quality thin 
crystalcrystal

Collimation < 0.5 Collimation < 0.5 
characteristic anglecharacteristic angle



Experiments with Linearly 
Polarized Photons at CLAS

The Coherent Bremsstrahlung Facility at CLAS

Diamond

Goniometer, 
G.W. University



Linearly Polarized Photons

Mean polarization estimated to be ~70%, from comparison 
with the coherent bremsstrahlung calculation.

i. e. Coherent Peak at 2.1GeV



Event Selection Before K- missing mass cut

φ    Κ+Κ− Invariant 
mass (before)

γ p → pφ →pK+K-

Mode: (pK+)K-



After π+X vs K+X  cut, timing 
cuts and K- missing mass cut

All this is just for 5 runs. All this is just for 5 runs. 
We have 400 runs in total.We have 400 runs in total.

γ p → pφ →pK+K-

Mode: (pK+)K-

Event Selection

φ     Κ+Κ− invariant mass 
(after cuts)



Signal to background 
ratio:  4.18
Events Signal: 502
Events Background: 120

Event Selection

γ p → pφ →pK+K-

Mode: (pK+)K-



Conclusions
Polarization 70% 
Over 500 φ−meson were found for 5 runs* in g8b 
data.
We predict over 7500 events from 1.9 to 2.1 GeV.
We are working on optimizing the φ-meson signal 
through direct pK+K- measurement and  missing 
mass (p,K-)K+

∗ This represents ~5% of data



g8 history so far…

http://www.cua.edu/
http://www.isu.edu/urelate/Mark3col.eps
http://images.google.com/imgres?imgurl=http://faculty.cua.edu/elsharkawy/images/CUA%2520logo.gif&imgrefurl=http://faculty.cua.edu/elsharkawy/Research.htm&h=177&w=144&sz=9&hl=en&start=2&um=1&tbnid=3eqojWg9G40H1M:&tbnh=101&tbnw=82&prev=/images%3Fq%3DCUA%2Blogo%26ndsp%3D18%26svnum%3D10%26um%3D1%26hl%3Den%26sa%3DN


g8b (6/20 – 9/01/05)     

Tagged and Collimated γ beam in Hall B
for beam-asymmetry studies for the reactions:

Coh. Peak good evts
1.3 GeV (1.4 Billion)
1.5 GeV (2.0 Billion)
1.7 GeV (1.8 Billion)
1.9 GeV (1.2 Billion)
2.1 GeV (0.9 Billion)

Amorphous (1.8 Billion)

→

γγp p p(p(ππ,,ηη,,ρρ,,ωω,,φφ),K),KΛΛ

→

ρ0 at low |t | (< 0.30 GeV2)

Photon PolarizationPhoton Polarization
exceeds 90% in the peak

Thanks!!!
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