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Uniqueness of  mesonϕ
• 


• Unique to study gluon exchange 

    at low energies!


•  is an quantity that 
characterizes  interactions


•  It provides essential information 

     for QCD inspired models

ϕ(1020) ≈ ss̄

σϕN
ϕ − N Quark exchange


Suppressed in  interaction 
due to no common valence quark

ϕ − N

Gluon exchange


Dominant in  interaction 
universal in hadron interactions

ϕ − N
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Extract  from  photoproductionσϕN ϕ

 γ = γEM + ρ + ω + ϕ + . . .
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(gauged by )αEM

• Use photons as hadronic probe


• Vector meson dominance (VMD) model describes photon-hadron interactions 
very well at high energies

Connects  interactions with  interactionsϕN γN



Discrepancies on  extractionsσϕN

 
Similar to  and 
σϕN = 35+17

−11 mb
σρN σωN

LEPS

SAPHIR

γA → ϕNXγp → ϕp
 

Agrees with additive quark model
σϕN = 10 − 12 mb
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LEPS

Sibirtsev et al. EPJA 29, 209–220 (2006) 
Ishikawa et al. PLB 608 (2005) 215–222



Coherent photoproduction on deuteron

CLAS6
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Double scattering


Each nucleon receives half the momentum transfer


Dominates at high |t|

Single scattering


One nucleon receives all the momentum transfer


Dominates at low |t|

Mibe et al. PRC 76, 052202(R) (2007)



Model of coherent  photoproductionϕ
• Standard ingredients in the model


• Vector meson dominance

• Paris potential for deuteron wave function

• Glauber scattering theory

• Longitudinal interaction length of the photon


•  


    set to be 


• VMD assumes 

fϕN ∝ σϕN(1 + αϕi)e−bϕNt

αϕ −
1
2

σϕN = σγN, bϕN = bγN CLAS6

6Mibe et al. PRC 76, 052202(R) (2007)

Describes CLAS6 data well 

with σϕN = 10 mb

Can accommodate  

    if VMD is violated

σϕN = 30 mb



The SRC-CT experiment
• Short range correlation (SRC), color 

transparency (CT) and bound nucleon 
structure


• Fall 2021 at JLab Hall D with GlueX 
detector


• Tagged linearly polarized photon 
beam from 10.8 GeV electron beam


• 40 days running of 2H,4 He,12 C
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Adhikari et al. NIM A 987, 164807



Event selection
•  decay channel with 48.9% branching ratio


• Kaon TOF cuts, photon energy cuts, fiducial cuts…


• Bin centering corrections applied

ϕ → K+K−

Kinematic fitting χ2/NDF
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Deuteron energy loss in drift chamber Yield extraction 

p[GeV]

dE/dx[keV/cm]



Differential cross sections
• Compare with world data (stats uncertainties only)
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Differential cross sections
• Compare with calculations from theoretical models
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 can describe the data 

if VMD is violated

σϕN = 30 mb

Deviations from VMD predictions

at −t > 0.5 GeV2



Decay angular distributions
• Angular distributions of the  in the helicity frame, 


• Parameterized by spin density matrix elements (SDME) 


• s-channel helicity conservation (SCHC) predicts: 

K+, K− W(cos ϑ, φ, Φ)

ρk
ij

hϕ = hγ → ρ0
11 = ρ1

1−1 = | Imρ2
1−1 | =

1
2
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Center of mass frame Helicity frame

Adhikari et al. PRC 108, 055204 (2023)

d′￼
K+

K−

K−

K+ϕ

d′￼



Decay angular distributions
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W(φ) =
1

2π
(1 − 2ρ0

1−1 cos 2φ) SCHC=
1

2π
W(cos ϑ) =

3
4

[(3ρ0
00 − 1)cos2 ϑ + (1 − ρ0

00)]
SCHC=

3
4

(1 − cos2 ϑ)

• High degree of helicity conservation is observed for different  and Eγ t



Decay angular distributions
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W(ψ) =
1

2π
(1 + 2Pγρ1

1−1 cos 2ψ) SCHC=
1

2π
(1 + Pγ cos 2ψ)

• High degree of helicity conservation is observed for different  and Eγ t

W(Φ) =
1

2π
(1 − 3Pγρ1

00 cos 2Φ) SCHC=
1

2π

(ψ = Φ − φ)



Latest development
• New GlueX proposal of  with a tensor polarized deuterium target


• High precision extractions of  with the additional target spin degree of 
freedom


• Approved to run 65 PAC days

γd → ϕd

σϕN

14Dalton et al. JLab PAC 53 PR12-25-012

Azz =
σ1 + σ−1 − 2σ0

σ1 + σ−1 + σ0



Summary
•  meson is unique to study the gluon exchange at low energies and  is an 

essential component for QCD inspired models


•  can be extracted from  photoproduction based on VMD, however, 
discrepancies are observed and not well understood


• Coherent  photoproduction on deuterons offers great opportunities to study the 
 interactions and the limits of VMD


• We presented new  measurement with GlueX detector that opens new 
window to extract 


• Upcoming experiment with a tensor polarized deuterium target will measure  with 
high precision

ϕ σϕN

σϕN ϕ

ϕ
ϕ − N

γd → ϕd
σϕN

σϕN
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Backups
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Outlook
• Deuteron knockout from helium and carbon target


• γA → ϕdX
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Latest development
• D-wave of the deuteron can be isolated with tensor polarization


• Important tool to study SRC and CT


• Coherent  photoproduction offers the easiest measurement opportunityρ
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