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It is clear now that meson exchange currents play an important role in the description of
observables in electron scattering. This has been shown most dramatically in the description
of the high momentum components of the elastic form factors of A=3 nuclei.! For quasielastic
scattering, two calculations exist, one which examines the effects at the quasielastic peak
for 1p-1h exchange currents,? and one which examines 2p-2h contributions.? (It should be
pointed out that the results of Ref. [2] are somewhat confusing, since they show a suppression
of the quasielastic cross section when exchange currents are included, rather than the expected
enhancement.) All of these calculations have been performed with the approximation that
the system is non-relativistic. The validity of this may be called into question by the fact that
the exchange-current effects are most significant at high momentum transfers and often are
coupled to high momentum components of the nuclear wavefunction. It can also be unclear
which exchange current processes should be included and which are already included in the
bound state structure of the nucleus,

Another problem is that current conservation, evaluated using Siegert’s theorem, is pre-
served only to ¢&{g/M) (g is the momentum trapsfer and M is the nucleon mass). Relativistic
models for the bound state structure of the nucleus contain tie mesons as explicit degrees
of freedom, providing a framework for calculating their effects, and virtually all other dy-
namical effects, in a completely self-consistent manner. Since the mesons and nucleons are
coupled to the electromagnetic field in a gauge invariant way, it is possible to write down an
electromagnetic current for the nucleons and mesons that is conserved both in theory and in
practice. We use a relativistic model with pseudovector pion coupling to study the exchange
current contributions, with emphzsis on quasielastic kinematics.

We begin with the Lagrangian for nucleons interacting with a scalar and vector meson
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along with pseudovector coupling to pions,
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Detailed calculations of the bound state problem using this model have been studied else-
where. Here, we use this Lagrangian to derive the one and two-body electromagnetic currents.
In doing so, we can use Ward—Takahashi Identities, relating the Hartree-Fock self-energy to
the vertex function, to verify our results.*

Figure 1 shows the irreducible dia.gra.ms that could contribute to the one-body electro-
magnetic current up to first order in g3. Diagram (a) represents the standard impulse ap-
proximation, and diagrams (b-d) represent the meson-exchange current corrections. Diagram
(e) gives the Hartree-Fock self energy. In a Fermi gas, the expressions for these diagrams are
given by
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Here, M" is the effective mass and Gp(k*) = 2xi(¥* + M*)8(k*2 — M*2)0(kp — k)0(kq) is the
propagator for an occupied single particle state. Fy, F; and Fy are parameterizations of the
nucleon and pion form factors,® given by
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Q? is the four momentum transfer, given as @? = ¢* —w?, 7 = Q?/4M? and 4 is the magnetic
moment. In order to simplify the calculation, we neglect any momentum dependence in the
self energies and approximate ki = (ko + Lo, k). This is an excellent approximation justified
by relativistic Hartree-Fock calculations. One can now replace p, —ky, by pj, —kj; in the above
expressions. We can then evaluate the effective one-body current between on-shell spinors as

Ju = B(E)AL + AR 4 AL + AN u(p")

Making the replacement §*u(p*) = M*u(p*), one finds general forms for the time-like and
space-like parts of the current, given by
Jo
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The factors A; and B; can be loosely thought of as medium form factors and are functions of
g, w, kr and p. The lack of manifest Lorentz invariance is due to the fact we have evaluated
the expressions for the vertex functions in a specific frame. In general, the current is indeed

Lorentz invariant.

We can now use these expressions for the current to calculate the longitudinal (R.) and
transverse (Rr) pieces of the quasielastic cross section for various nuclei and kinematics.
These are given as
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M* and kp are parameters which we use to fit the position of the quasielastic peak. In the
future, we would like to input these from nuclear structure calculations of the initial and final
states.

As an example, let us consider the Saclay results for “°Ca at ¢=410 and 550 MeV.®
The results of our calculation on Rz for the relativistic impulse approximation, and for
the inclusion of exchange currents can be seen in Figure 2 (the parameters used are M* =
0.8M and kp = 1.3 fm™?). It is clear that the exchange currents have a negligible effect
in this channel, as would be expected. On the other hand, in Figure 3 we see the results
for Rr and here the effects are quite dramatic. At both energies, at the quasielastic peak,
the enhancement is on the order of 40%. This is much larger than the effect found non-
relativistically, typically on the order of 25-30%. This effect comes in large part from a
correct treatment of the relativistic kinematics, as the retardation in the pion propagators
turns out to be a fairly small enhancement and contributes mainly to the low w region of the
structure function. Lastly, we show results for the transverse structure function of 12C, at
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¢=300 and 550 MeV.6 In Figure 4, we see the same sort of enhancement that we saw ir. the
case of 4°Ca. The fit at g=550 MeV is surprisingly good, even though a Fermi gas is a weak
approximation for 12C.

We can also apply our model to the question of the ratio of R7/Ry in quasielastic (e, e’p)
for parallel kinematics. Specifically, we study

- 2.12.52)1/2
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Significant deviations from the expected value of Rg = G},/G% were found at NIKHEF
for 12C(e, 'p)''Be, and in Saclay data on the inclusive reaction 2C(e, ¢’).? Several attempts
have been made to explain this, among them studies of the final-state interaction of the
struck proton with the residual nucleus.!® We have found that, in our model, the inclusion
of exchange currents into Ry is sufficient to bring the theory into reasonable agreement with
the experimental results (Figure 5).

In conclusion, we have found that the effects of meson-exchange currents are much more
important in a relativistic model than in a non-relativistic one. However, there are a few
points which need to be pursued further. It should be noted that the Lagrangian of Eqn. (1)
does not contain explicit information about the A. While this has sometimes been found
to be an important contribution to the exchange current in non-relativistic calculations, we
do not include it in our calculation. In non-relativistic calculations, the delta contribution
has been found to interfere destructively with the diagrams we have studied. Another point
is that we do not include RPA corrections in either Ry, or Ry. These corrections might be
balanced, however, were we to include the delta. The contribution to the structure functions
of two-nucleon knockout due to exchange currents is also being studied, expecially with regard
to the so-called “dip” region, and we hope to have results on that soon.

This work has been supported by the Natural Sciences and Engineering Research Council,
Canada.
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FIGURE CAPTIONS

Fig. 1:

Fig. 2:

Fig. 3:

Fig. 4:

Fig. 5

Irreducible diagrams contributing to the one-body current (a-d) and the pionic contribu-
tion to the Hartree-Fock self energy (e).

Rr(q,w) for *°Ca at q=410 and 550 MeV. The solid curve represents the relativistic
impulse approximation and the dashed curve the result including the mesonic effects.
Data from Ref. [6].

Same as Fig. 2, but for Ry. Data from Ref. [7).

The structure function Ry for 12C at ¢=300 and 550 MeV. The solid curve represents the
impulse approximation result, and the dashed line the result including exchange currents.
Data from Ref. [8].

The ratio Rg. The solid curve is the naive expectation from scattering off 2 free proton,
and the dashed curve is our result including exchange currents in 2. Data from Ref. [9]
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