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A few comments about the application of the Fermi Gas Model to neutrino interactions with nuclei are made

as part of a panel discussion.

1. INTRODUCTION

The Fermi Gas Model is the simplest mean field
model of nuclear physics. One treats the nucleus
as non-interacting nuclear matter in the limit that
the radius of the nucleus becomes infinite. The
nucleon occupation number n(k) is a simple step
function: n(k) = 6(kr — k). The A-dependence
of finite nuclei is modeled by choosing the Fermi
momentum kg, and an average binding energy to
represent the physics of a given target. The prin-
ciple advantage of this model is that the Pauli
principle is treated correctly and that one can ob-
tain the neutrino-nuclear cross section in terms of
invariant structure functions. It may give a good
accounting for inclusive cross sections measured
at quasi-elastic kinematics[1].

My main message here is that this procedure
does not provide enough input regarding nuclear
structure to describe the electron scattering re-
actions: (e,e'), (e,e,'p) and (e, e, ) for general
kinematics. Therefore there is no reason to be-
lieve that such a simple procedure should be very
accurate in describing neutrino-nuclear interac-
tions.

2. FERMI GAS MODEL

The first and simplest remark is that target nu-
cleus such as %0 is not a Fermi gas. This nucleus
has a finite size and its momentum distribution
can not be described in terms of only a single
parameter. Indeed, the nucleon momentum dis-
tribution, as calculated from mean field theory

*This work is partially supported by the USDOE.

does not closely resemble the parabolic shape of
the Fermi gas model. See for example, Fig. 2 of
Ref. [2]. The distribution of a finite nucleus falls
off rapidly like a Gaussian, and therefore looks
narrower and is higher at its peak. However, in
any case the peak is narrow. If the kinematics
of the measurement involves integration over the
width of the peak, the computed cross sections
should be reasonable estimates. For a detailed
study of phenomena beyond the scope of of Fermi
gas models see Ref [3]. For a review of related cal-
culations, see Ref [4]. Some relevant future work
will also appear[5].

2.1. Spectral Function and Correlations

One might think that one could simply take a
function n(k) from an improved theoretical cal-
culation. But this would not be sufficient, for
non-quasieleastic kinematics. The correct way to
compute the cross section for the (e,e’) reaction
depends on the use of the spectral function de-
fined by a ground state matrix element involving
the complete Hamiltonian H:

P(p, E) = (¥|a' (p)d(E — H)a(p)|¥), (1)

which gives the probability of removing a nucleon
of momentum p while leaving the nucleus with
an excitation energy E. The relation with the
occupation number is

n(p) = / dE P(p, ). @)

As a result of the correlations between nucle-
ons, the function n(p) has a long tail in momen-
tum space. See, for example, Fig. 1 of Ref. [6].
This shows that n is not a step function.



2.2. Cross section
The spectral function is related to the cross sec-
tion by the following schematic formula [7]:

do ~ /d3pA_1dE P(pa_1, E)|M* x

6(3) (pu - (pu +p+ pA—l)) X

8(E, — (B, + 4/p* + M2 + B)), (3)

where p represents the momentum of a knocked
out nucleon and B represents the binding energy
difference between the target and the residual nu-
cleus of A—1 nucleons. This treatment of conser-
vation of energy and momentum differs from one

in use at KEK for which B, 4+ /p%_, + M2 =

E, + \/p* + M2+ B. The result (3) is more ap-

propriate if one goes beyond the simplest Fermi
gas.

But there are other difficulties which must be
handled. The first of these involves final state in-
teractions, which is important for computing the
cross section for the (v, up) reaction.

3. FINAL STATE INTERACTIONS

If one is computing the cross section for the re-
action (e,e’p) one needs to include the effects of
the interactions between the outgoing proton and
the residual nucleus. It is typical to use an optical
potential to describe this interaction. However,
this object, determined by elastic proton-nucleus
scattering, does not determine the wave function
of the outgoing proton for positions inside the nu-
cleus. This leads to an uncertainty in computing
the cross section. The minimum uncertainty one
can expect due to this source is about 5%.

Another difficulty is that without knowing the
properties of the residual nuclear final states, one
doesn’t really know if one should use the optical
potential at all.

But there are other sources of uncertainty.

4. AXTAL VECTOR FORM FACTOR

To calculate the v-nucleon cross section one
needs to know both the axial vector form factor
F4 and the pseudoscalar form factor Fp. PCAC

relates these two as

2M Fa(q)
but one needs to know F4. This is usually pa-
rameterized as a dipole form factor. In addition
to the uncertainties in the dipole parameter, there
is a larger question of whether or not the dipole
formula applies.

Indeed, recent work on the proton electric
form factor shows that this does not obey a
dipole shape[8],[9] for momentum transfers Q> >
1GeV/c”. For one explanation of this interesting
phenomenon see Ref. [10].

The relevance to neutrino-nucleon interactions
is that one does not really know the nucleon form
factors to very high accuracy.

5. SUMMARY

The Fermi gas model may provide a reasonable
estimate of the v, u cross section for quasi-elastic
kinematics. One caution is that this model is not
well tested. A detailed description of the proce-
dure has been presented in the lecture notes of
Seki & Nakamura[11].

Here is a list of comments.

e For detailed calculations one really should
use a spectral function which is computed
especially for the chosen target nucleus,
here 160.

e There is considerable gain in uncertainty
when there is a gain in exclusivity. Comput-
ing the (v, u,p) cross section is considerably
more difficult than the one for (v, u).

e There are other uncertainties to due lack of
knowledge of form factors.

e One may be able to increase accuracy by
checking that any theory procedure used
for neutrino scattering actually works when
used for electron scattering.
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