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Deep Virtual Vector-Meson Electroproduction

• 𝑝 𝑒, 𝑒𝑉 𝑝	 𝑄2 ≫ 𝑀2  W2 ≫ 𝑀2

• Generalized Parton Distributions:  Vector & Axial-Vector Matrix Elements
• Energy decomposition

• 𝞍-production dominated by gluon matrix elements 
• S.Goloskokov, P.Kroll, EurPhysJC 50, 829–842 (2007)

• Threshold J/𝝭-production:  𝑄! +𝑀"/$
! ≫ 𝑀!, 𝑊! ≈ 𝑀 +𝑀"/$

!

• Scaler Matrix Elements:  Mass-Decomposition
• X.D. Ji, Phys.Rev.Lett.74,1071(1995).
• X.Ji  Front.Phys.16 (2021) 6, 64601, arXiv: 2102.07830
• Y.Hatta D-L.Yang, PhysRevD 98 (2018) 7, 074003, arXiv: 1808.02163
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https://arxiv.org/abs/2102.07830


Motivation for High-Q2 Measurement of 
Threshold Electroproduction of 𝞍-meson
• Perturbative scale in threshold photoproduction of J/Psi is 
𝑄! +𝑀"/$

! → 𝑀"/$
! = 9.6	GeV!

• Threshold 𝞍-Electroproduction at Q2 ≥ 9 GeV2 
è 𝑄! +𝑀%

! > 10	GeV!  
should be on same perturbative footing as J/Psi photoproduction
• Goloskokov & Kroll argue DVES 𝞍-production dominated by gluon 

GPDs, even in JLab 12GeV kinematics (well above threshold)
• Hatta & Strikman argue that threshold 𝞍-Electroproduction at 

large Q2 primarily sensitive to s-quark D-term (rather than gluon)
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Threshold Deep 𝞍
• Y.Hatta, M.Strikman, 

PhysLettB 817 (2021) 136295
Strangeness Gravitation FFs
• W=2.5 GeV 

• 𝐷! 𝑡 = 𝐷!/ 1 − 𝑡/𝑀"
# $

• Flavor SU(3):
• 𝐷! ≈ 𝐷% ≈ 𝐷&

• A-term	also	in	model	
𝐴! 𝑡 = 0.04/ 1 − 𝑡/𝑀"

# #

• Bs= 0
• ̅𝐶! = −𝐴!/4

Y. Hatta and M. Strikman Physics Letters B 817 (2021) 136295

Fig. 1. Differential cross section dσ /dt in units of nb/GeV2 as a function of |t| (in GeV2). W = 2.5 GeV, Q 2 = 3.8 GeV2. The five curves correspond to Ds =
0.4, 0, −0.4, −0.7, −1.3 from top to bottom.

Fig. 2. Differential cross section dσ /dt in units of pb/GeV2 as a function of |t| (in GeV2). W = 2.5 GeV, Q 2 = 20 GeV2, √sep = 30 GeV. The five curves correspond to 
Ds = 0.4, 0, −0.4, −0.7, −1.3 from top to bottom.

Fig. 1 shows dσ /dt at W = 2.5 GeV, Q 2 = 3.8 GeV2. We chose ms = 100 MeV for the current s-quark mass.5 The five curves correspond 
to different values of the D-term, Ds = 0.4, 0, −0.4, −0.7, −1.3 in descending order. We see that if the D-term is negative and large 
enough, it causes a flattening or even a bump in the |t|-distribution in the small-t region. This is due to the explicit factors of "µ

(t = "2) multiplying Ds in (19) which tend to shift the peak of the t-distribution to larger values. The top, dashed curve corresponds to 
a positive Ds value. While this is at odds with our initial argument, it is nevertheless an interesting theoretical possibility since a priori
the sign of Ds is not constrained. We see that the cross section increases as Ds becomes more and more positive. The same tendency was 
previously observed in the J/ψ case [11,14].

Unfortunately, we cannot directly compare our result with the JLab data. The relevant plot, Fig. 18 of Ref. [5] is a mixture of data from 
different values of Q 2 in the range (23). For a meaningful comparison, dσ /dt should be plotted for a fixed (large) value of Q 2, and there 
should be enough data points in the most interesting region |t| ! 1 GeV2. By the same reason, we cannot adjust the overall normalization 
of the amplitude mentioned at the end of the previous section. Incidentally, we note that in this kinematics the cross section is dominated 
by the contribution from the transversely polarized photon, namely, the part proportional to gµν

⊥ in (10).
For illustration, in Fig. 2 we show the result with Q 2 = 20 GeV2 and W = 2.5 GeV, having in mind the kinematics of the Electron-Ion 

Colliders (EICs) in the U.S. [36,37] and in China [38]. We chose √sep = 30 GeV for definiteness, but the dependence on sep is very weak as 
it only enters the parameter ϵ in (13) and ϵ ≈ 1 in the present kinematics. (Of course the ep cross section (12) strongly depends on sep .) 
The contribution from the longitudinally polarized photon (the part proportional to ϵεµ

L εν
L in (10)) is now comparable to the transverse 

part. Again the impact of the D-term is noticeable, but the bump has almost disappeared and we only see a flattening of the curve in the 
extreme case Ds = −1.3. The reason is simple. The cross section schematically has the form

dσ

dt
∼ f (t)

(1 − t/m2)a , (24)

where f (t) is a low-order polynomial in t and a = 4, 5, 6. (See (20). The amplitude squared is a linear combination of A2
s (t), As(t)Ds(t)

and D2
s (t).) The t-dependence of f (t) comes from the D-term and gamma matrix traces involving nucleon spinors (19). Clearly, f (t) can 

affect the shape of dσ /dt only when |t| < m2 ∼ 1 GeV2. Beyond that, one simply has the power law dσ /dt ∼ 1/tc with c < 4. In Fig. 1, 
|tmin| < 1 GeV, and this is why we see more interesting structures. As Q 2 gets larger, so does |tmin| and the structure disappears.

5 While this choice is natural in the present framework, it leads to a too steep rise of the cross section σ (Q 2) as Q 2 is decreased towards 1 GeV2. Of course, our approach 
breaks down in this limit, but it is still possible to get a better Q 2 behavior in the low-Q 2 region by switching to the constituent s-quark mass ms = mφ/2 ≈ 500 MeV, or 
perhaps even ms → mφ as in the vector meson dominance (VMD) model.

5
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The 11 GeV Window
 of Opportunity
• Near threshold, proton and phi 

~colinear
• Large Q2: 𝜙 is boosted forward, 

K+K– are in small decay cone.
• Detect scattered electron in 

BigBite, all hadrons in SBS.
• SBS Hcal for triggering
• SBS PID with Aerogel RICH? 
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SBS Configuration

• Center SBS at 12.5°
• Solid Angle 30 msr
• 3:1 V:H Aspect ratio

• NPS Calo at –27.5°
• BigBite “Sweep”
• Calo at 3m
• ΔΩ ≈ 50	msr
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Phase Space 
Simulation

• Generated 
Hadrons
• Electrons 

detected
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Accepted Events

• Not great
• Maybe su]icient to 

do a measurement?
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Things to do:

• Get cross section model in appropriate W2, Q2 range
• Determine realistic acceptance and resolution models of SBS and 

electron arm
• Detailed simulations
•  
• Suggestions and collaborators welcome!
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