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Coherent scattering off lightest  nuclei: Objectives
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theorists planning to be involved in the study: 
 Perugia group, V. Guzey, MS



Study of Dynamics of interaction of  small and large 
configurations is one of EIC objectives 

in reactions γ+ Pb/Au➞ρ (J/ψ) +Pb/Au large screening effects: 7 (3) 

Reactions provide information about color fluctuations of the projectile in soft 
regime  and  LT gluon shadowing in hard regime

EIC/LHC:  challenge to measure coherent scattering away from t=0 for A~200

Hence  information only about interaction with ~ 2 —4 nucleons in average 

we explained/predicted these suppressions  
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where the parameter β ≈ 0.25− 0.35 was determined from the analysis of pp and p̄p data [26].
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FIG. 4: The σγA→ρA cross section as a function of Wγp. The theoretical predictions using the mVMD model for the γp → ρp
cross section and the Gribov-Glauber model with cross section fluctuations for the γA → ρA amplitude are compared to the
STAR (circle) and ALICE (triangle) data. The shaded area reflects the theoretical uncertainty associated with the parameter
β characterizing the strength of cross section fluctuations (see text for details).

It is known [19] from studies of corrections to the Glauber model for total proton–nucleus cross sections that
suppression due to the inelastic shadowing is almost compensated by the effect of short-range correlations (SRC) in
the wave function of the target nucleus. We included the effect of SRC by the following replacement [48]:

TA(b) → TA(b) + ξc
σρN

2

∫

dzρ2A(b, z) , (18)

where ξc = 0.74 fm is the correlation length.
Our predictions for the γA → ρA cross section as a function of Wγp are presented in Fig. 4. The red solid curve

presents the results of the calculation using the mVMD model for the γp → ρp cross section and the Gribov– Glauber
model with the effect of cross section fluctuations, see Eq. (10). The shaded area shows the uncertainty of our
calculations due to the variation of the fluctuation strength ωσ by changing β in the range 0.25 ≤ β ≤ 0.35. The
theoretical curve is compared to the STAR (circle) and ALICE (triangle) data. One can clearly see from the figure
that the inclusion of the inelastic nuclear shadowing enables us to explain the discrepancy between the UPC data on
coherent ρ photoproduction on nuclei at large Wγp and the theoretical description of this process in the framework
of the VMD-GM with the DL94 parametrization of the ρN cross section.

Gribov - Glauber model with cross section 
fluctuations
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Solution: use the lightest nuclei  especially 4He (also 3He ?) to study 
coherent effects for interaction with exactly 2 nucleons in the range of 
momentum transfer t=0 ÷ 0.5 GeV2

Advantages:  

S(4He)=0 - one amplitude 

no low-lying excitations (below break up threshold) - easy to select 
 coherent events 

 significant probability of interactions with two nucleons 

 well known wave function. 

Form factor goes through zero: Fe(Q2=0.4 GeV2)=0
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McCarthy et al 

e.m. form factor goes through 0 
at -t ~ 0.4 GeV2   

⇒ strong sensitivity to double 

scattering starting at -t ~0.4 GeV2
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Levin & MS 1975 

Glauber model works well for energies where
 Gribov shadowing is still small.

no contribution of impulse 
approximation term
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Cross section  for scattering off  4He at -t=0.4±0.05 GeV2  
is only 5 times smaller than for the same t for  scattering   off hydrogen 
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Counting rates are sufficient  study transition from soft regime to LT 

Examples:

R(t)=
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Figure 1: High energy quarkonium photoproduction in the leading twist approximation.

accounts for the inelastic strong interactions of the nuclei at impact parameters b ≤ 2RA

and, hence, suppresses the corresponding contribution to the Υ photoproduction. In
our calculations we use the nuclear matter density ρA(z, b⃗) obtained from the mean field
Hartree-Fock-Skyrme (HFS) model, which describes many global properties of nuclei [27]
as well as many single-particle nuclear structure characteristics extracted from the high
energy A(e, e′p) reactions [28].

The amplitude of Υ photoproduction (necessary for the calculation of σγA→ΥA in
eq. (2.1)) in the leading twist approximation is described by the series of the Feynman
diagrams depicted in figure. 1. The QCD factorization theorem2 for exclusive meson pho-
toproduction [5, 7, 29] allows one to express the imaginary part of the forward amplitude
for the production of a heavy vector meson by a photon, γ + T → V + T , through con-
volution of the wave function of the meson at the zero transverse separation between the
quark and antiquark, the hard interaction block and the generalized parton distribution
(GPD) of the target, GT (x1, x2, Q2, tmin), evaluated at tmin ≈ −x2m2

N . The momentum
light cone fractions xi of the gluons attached to the quark loop satisfy the relation:

x1 − x2 =
m2

Υ

s
≡ x , (2.4)

where s = 4ENω = 4γωmN is the invariant energy for γ − N scattering (EN = γmN is
the energy per nucleon in the c.m. of the nucleus-nucleus collisions). If the quark Fermi
motion and binding effects were negligible, then x2 ≪ x1 as a consequence of the fact that

2The proof of the factorization theorem for diffractive electroproduction of vector mesons is rather

straightforward [29] and, therefore, it is generally accepted in the published literature. At the same time,

the proof of the factorization theorem is more delicate in the case of hadron-initiated processes such as

diffraction of pions into two jets. For such processes factorization was questioned in refs. [30, 31]. However,

approximations used in these papers appear to violate gauge invariance when describing hadron desinte-

gration into jets in high-energy processes off the nucleon (nucleus) target. In particular, the same approx-

imations lead to the formulae for the process of dijet production by the pion projectile off the Coulomb

field of a nucleon (nucleus) [32], which differ from the exact answer deduced from the requirement of the

conservation of the e.m. current and renormalizability of QCD [33].
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for Q2> 10 GeV2

High energy quarkonium production in the LT theory

For finite t  - probe new quantities 
nondiagonal diffractive pdfs
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 Α nice plot for Yellow report: R(t) for Q^2= 0 & 10 for J/ψ and ρ 



Requirements for detector for e4He collisions

Good resolution in t for -t ~ 10-2 GeV2

-t range: up to 0.5 GeV2

inelastic diffraction 

vector meson production

additional requirement: resolution in diffractive mass

measurement of MX in e4He  requires a very good  resolution in x|P
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(similar requirements for e3He)


