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…and Beyond
• EIC White Paper:  Toll and Ullrich[1,2]: Measurements of Diffractive Events (p.83)

• Uses convention of Munier, Stasto, and 
Mueller[3]: 
• Fourier transform of cross section 

can give information on gluon 
distribution in impact parameter (b) 
space!

[1]EIC white paper (arXiv:1212.1701) 
[2]Phys. Rev. C 87, 024913 (2013) (arXiv:1211.3048)  
[3]Nucl.Phys. B603 (2001) 427-445 (arXiv:hep-ph/0102291)



φ production to probe gluon distributions
• Diffractive scattering occurs when the DIS 

electron interacts with a color-neutral 
vacuum excitation: 

• Within a perturbative QCD framework, 
this vacuum excitation can be 
represented by a combination of 2+ 
gluons 

• Sometimes called a Pomeron. 
• Hard diffractive cross-section is 

proportional to the square of the gluon 
density. 

• Most sensitive tool to access gluon 
density distributions

Tull, Ullrich dipole model formalism for diffractive  
DIS production amplitude on protons:
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Before going any further, 
lets review what is known

about phi production on the 
proton and light nuclei.

(far from comprehensive)



𝜸 + p → p + φ   (theory)

• Laget Description: 
• Since φ is mostly strange, meson 

exchange is highly suppressed (OZI rule) 
• Considering this suppression, Pomeron 

exchange explains the observed 
production very well at small |t|. 

• At intermediate |t| when the scattering 
parameter b becomes comparable to the 
gluon correlation length, the two-gluon 
exchange channel opens up. 
• At higher |t|, the gluons can couple to 

different quarks in the nucleon 
(correlations) 

• At large angles (and small u), u-channel 
nucleon exchange is also possible.

Laget, Phys.Lett. B489 (2000) 313-318



• Anciant, et al. (CLAS) found strong 
evidence for a two-gluon 
contribution. 
• A u-channel contribution is also 

evident.  The dash-dot curve 
uses a gφNN = 3 (higher than 
predicted from SU(3) mass 
splitting, but in line with 
observations of nucleon-
nucleon and nucleon-hyperon 
scattering). 

• A larger gφNN implies a larger 
strange contribution to the 
nucleon sea. 

• Can polarization information help 
us differentiate the different 
contributions?

𝜸 + p → p + φ

Anciant et al., Phys.Rev.Lett. 85 (2000) 4682-4686



• If s-Channel helicity conservation (SCHC) holds for vector mesons with Pomeron/
two-gluon exchange (early rho studies showed this), and the u-channel process 
breaks SCHC, then angular information about the φ decay can help separate 
processes. 

• With an unpolarized beam only the first term of the spin density matrix survives. 
The angular distribution can be written as: 

𝜸 + p → p + φ   (Spin Density Matrix)

• 𝝆000 describes the probability 
that a longitudinally polarized φ 
meson is produced by a 
transverse real photon. 
• If this term is much larger 

than zero then SCHC is 
broken.

-t (GeV)
McCormick et al., Phys.Rev. C69 (2004) 032203



• One of the more interesting puzzles to 
come out of angular studies of φ production 
is the mysterious peaking nature near 2 
GeV photon energies. 
• Possible solution:  JP = 3/2± resonance 

[D13(2080)] contributions? 
• Unlikely:  resonance structure 

disappears at low angle.

𝜸 + p → p + φ    
(JP = 3/2± resonance?)

 Dey, et al. arXiv:1403.3730 

Kiswhandi, Yang.  Phys.Rev. C86 (2012)

• Possible Solution:  
Re-scattering from 
Lambda-K production? 
• Unlikely: Neutral 

(K0K0) channel 
shows exact same 
structure. 



• Recent proposal in CLAS12 
approved with a “B+” rating to 
study the gluonic density 
distribution on Hydrogen.  

𝜸 + p → p + φ   (CLAS12 proposed)

• In the GPD framework, the light-cone momentum fractions are:
• The momentum transfer is then: 
• and the gluon GPD is written:                     with     
• The longitudinal cross-section is then written:  



• A useful parameter to describe the gluon 
density distribution is the reduced gluon 
distribution: 

• Then, defining a gluonic form-factor as: 
•   
• One can extract the gluon distribution via 

Fourier transform:

𝜸 + p → p + φ   (CLAS12 proposed)

The red and blue curves correspond 
respectively to an exponential or dipole 
parameterization of the cross-section.



• One can also access the gluonic radius in x-
space by defining the average gluonic 
transverse radius as: 

• J/Ψ studies have been performed at HERA 
and FNAL to extract the gluon radius.

𝜸 + p → p + φ   (CLAS12 proposed)
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What can we learn with nuclei targets?



• In deuteron coherent scattering, 
one must consider re-scattering 
processes, bound states, and 
possible in-medium modifications. 

•  Re-scattering:

𝜸 + d → d + φ  

Single Scattering Double Scattering

Mibe et al., Phys.Rev. C76 (2007) 052202 



𝜸 + d → d + φ  

Single Scattering Double Scattering

Mibe et al., Phys.Rev. C76 (2007) 052202 

• Single scattering underestimates the 
cross-section at larger |t| 

• Using the pure VMD prediction and the 
expected φ-N cross-section does not 
agree well (Shaded band) 

• Increasing the φ-N cross-section (due 
to A > 1) to 30mb agrees well at low |t| 
but overestimates at high |t| (dotted 
curve) 

• Assuming that the phi can also 
fluctuate into K pairs before the re-
scatter gives good-agreement.



• At intermediate energies, 
the eikonal approximation 
will still hold, but Glauber 
theory assumptions, like 
factorization and ultra-
relativistic simplifications, 
can break down. 

• Rogers, Sargsian, and 
Strikman used GEA and 
Feynman rules to calculate 
the coherent cross-section 
at these energies.

𝜸 + d → d + φ  

Rogers, Sargsian, and Strikman. Phys.Rev. C73 (2006) 045202



• At sub-threshold phi production on 
deuterium, you gain a handle on the 
momentum of the recoil neutron and phi. 

• At the right kinematics, the phi and the 
neutron will travel together at the same 
speed, increasing the likelihood of a 
bound state.  

𝜸 + d → p + [nφ]  

• Gao, Lee, and Marinov predict a φ-N 
bound state with a QCD van der Waals 
attraction with:

φ*(𝜸)

d φ-n

p
Qian et al., Phys.Lett. B696 (2011) 338-342

• Evidence for a η-3He 
bound state exists 
from MAMI data.  
Peak is at 1481 MeV 
with a width of 25 MeV

α = 1.25 and μ = 0.6 GeV 
The binding energy will be 1.8 MeV 
Phys.Rev. C63 (2001) 022201

η-3He

Pfieffer, et al.  Phys.Rev.Lett. 92 (2004) 



φ on 4He at threshold

• Two-arm coincidence between scattered 
electron and 4He.  φ and η are selected 
with missing mass. 

• With careful selection of kinematics, the 
relative velocity between the phi and 4He 
can be centered at zero. 

• Maximizes the potential of bound state.



Value in 𝜸* + 4He → 4He + φ  ? 

• What does the gluon distribution look like for 
nuclei? 

• Does the phi-production process sample 
individual nucleons, or the nucleus as a 
whole?  
• A diffractive pattern would indicate an 

interaction with the gluon field of a nucleon.  
No diffractive pattern would indicate an 
interaction with the gluon field of the entire 
nucleus. 

• Would high-x reveal an average gluon 
radius near that of a nucleon, and low-x 
give the radius of the nucleus? 

• Re-scattering? Other medium effects?



Preliminary study of 𝜸* + 4He → 4He + φ at JLab 6GeV. 
• The eg6 experiment at JLab gives us an opportunity to study φ electroproduction off 4He. 
• A CLAS experiment (2π phi coverage), with a recoil nucleon detector (BoNuS RTPC). 
• Access to the exclusive reaction through many channels. 

• e + 4He → e’ + K+ + K- + 4He (fully exclusive) 
• e + 4He → e’ + K+ + K- + (4He) 
• e + 4He → e’ + (K+) + K- + 4He 
• e + 4He → (e’) + e+ + e- + 4He 
• e + 4He → e’ + π+ + π- + (K0) + 4He
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• All eg6 6-GeV data is skimmed. 
• 4He is not detected: No RTPC needed. 
• Good selection of electrons (standard EC/

CC selection and fiducial cuts) 
• Kaons are identified with timing (relative to 

good electron) and TOF scintillator energy 
deposit.  Kaons in pairs are generally more 
clean than single kaons. 

• Good φ identification. 
• No visible coherent peak in MM. 

• Still to do: 
• Energy loss of Kaons through target. 
• Simulations of detector response.

Preliminary study in eg6 of 
e + 4He → e’ + K+ + K- + (4He) 

φ(1019)

4He



Concluding Remarks
• φ production is a very rich in physics, and can be 

used to access the gluon distribution in nucleons. 
• We plan to use φ production to probe the gluon 

structure in nuclei and to address the question of 
whether gluonic matter in nuclei is a simple 
superposition of the gluonic matter in nucleons or it 
is a richer coherent medium.


