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Two- and three-body electrodisintegration cross sections for 3H and °He are calulat-
ed with nucleon-nucleon interactions represented by nonlocal, separable forms. Good
agreement with experiment is obtained with Tabakin’s ground state for the range of in-

cident energies 250 to 550 MeV.

During the past several years, considerable at-
tention has been given to the study of inelastic
electron scattering from *H and ®He in order to
investigate their structure. Experimental effort
has involved high- and low-energy electrons at
various electron-scattering angles,! including an
experiment where the fast proton was detected in
coincidence with the scattered electron.? Theo-
retical effort has been devoted mainly to the coin-
cidence cross section for two-body breakup of
3He with the ground state represented by an ana-
Iytic form containing one or two parameters
which are determined from photodisintegration
and/or form-factor data.® However, a pole-mod-
el calculation for comparison with the first high-
energy data where only the electron is detected
(hereafter called the inelastic cross section as
opposed to the coincidence cross section) has
been carried out.* The constant vertex parame-
ters of this model were determined from the co-

incidence data with the result that the inelastic
cross sections were 30 to 70 % too high., A re-
analysis of the coincidence data resulted in quali-
tative agreement, but is limited due to the am-
biguities in interpreting the experimental data
and the lack of an accurate calculation of the
three-body coincidence cross section. Thus
these circumstances, along with the availability
of more recent inelastic cross-section data,® in-
dicate the importance of an accurate three-body
coincidence calculation and of a calculation of

the inelastic cross sections without use of the co-
incidence data. The purpose of this Letter is to
report the results of such work for the processes

e +*He—-e’+p+D (1a)
~e'+p+n+p (1b)

and
e +H-e’+n+D (2a)
—~e'+n+n+p, (2b)

1339



VOLUME 23, NUMBER 23

PHYSICAL REVIEW LETTERS

8 DECEMBER 1969

where the nucleon-nucleon interaction is de-
scribed by a separable potential.®

The model we use to describe the electrodisin-
tegration process is similar to that used previ-
ously. The incident electrons are treated in the
extreme relativistic limit. We treat the elec-
tron-nucleus interaction in the impulse approxi-
mation, retaining only those terms correspond-
ing to the electron interacting with the ejected
nucleon. The electron-nucleon interaction is
treated in Born approximation using the McVoy-
Van Hove interaction.” In both the two-body and
three-body final states, we neglect interactions
between the ejected nucleon and the spectator
pair, but include final-state interactions between
the two spectator particles.

The choice of the nuclear ground-state wave
function is of particular importance since we
want to learn about the structure of the isotopic
doublet, 3He and *H. The dominant component of
the trinucleon ground state is fully symmetric
under exchange of the spatial coordinates, and as
a first approximation we consider only this part.
In this approximation, the ground state results
from an average of the singlet and triplet inter-
actions. Since we take nucleon-nucleon interac-
tions to be represented by separable s-wave po-
tentials of the Yamaguchi form,® only two param-
eters, the strength and range, need be specified
to calculate the ground-state wave function. The
two sets of parameters which we use in this work
are given in Table 1.° The first set of parame-
ters is based on an effective-range analysis of
the n-p s-wave interaction and we use them only
in the coincidence calculations.’® The second set
of parameters are those of Tabakin’s model 2
which are based on a fit to the s-wave phase
shifts to 340 MeV.!! We use Tabakin’s parame-
ters in both the coincidence and inelastic cross-
section calculations. Thus we can compare two
descriptions of the ground state in the coinci-
dence calculations, but not in the inelastic cal-
culations due to the inapplicability of the first
set for the final-state interactions.

The final-state wave functions depend on the

process in which we are interested. For the co-
incidence data, we are concerned with processes
(1a), (1b), and (2b). Since the coincidence data
are at the quasielastic peak, the laboratory ener-
gy of the detected proton is always ~100 MeV and
the relative energy of the spectator pair is ~10
MeV for Johansson’s experiment. These condi-
tions are the justification for two aspects of the
model, namely, the neglect of final-state inter-
actions between the ejected proton and the spec-
tator pair, and the assumption of only s-wave in-
teractions between the spectator particles. Then
the final state for process (1a) is simply a free
proton plus deuteron, and for process (1b), a
free proton plus a nucleon pair with either sin-
glet or triplet interaction and parameters as giv-
in in Table I. These results are useful when we
calculate the inelastic cross sections above the
elastic peak and below the pion threshold. How-
ever, here we note the relative energy of the
spectator pair can be as large as 100 MeV, which
explains why we use only Tabakin’s parameters
for the inelastic calculations. Yet, the relative
energy of the spectator-pair center of mass and
the ejected nucleon remains great enough to just-
ify neglecting their interactions for excitation en-
ergy above ~50 MeV.

When we use the wave functions described
above to compute the cross sections, itis a
straightforward but lengthy task. The form of
the cross sections for the coincidence process-
es are

A% /dEdS.dS, = 20,1, %, (1a7)
A%y kmax g e s ,
Tangn,~He PR ®I, @, aw)

d30' _ kmax 3 - =12 ,
dE;dQ,dQ, Jo Tk oy @)1, (®) 2, (2b7)

where o, is a function of nucleon form factors
and kinematical expressions, and for (1a’)

L,(B)=@n) [ a% o5 @) B, P)). (3)

In Eq. (3), ¥*(p, P,) is the symmetric ground-
state function in the momentum representation

Table I. Parameters for separable interactions.

Range Strength BE Range Strength Range Strength

(fm~1) (fm~3) (MeV) (fm™1) (fm™1) (fm™1) (fm~3)

Ground state Final-state triplet Final-state singlet

Effective Range 1.450 0.353 12.55 1.450 0.415 1.304 0.211

Tabakin 1.150 0.182 9.33 1.150 0.220 1.150 0.148
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FIG. 1. (a) Inelastic cross section for electrodisin~
tegration of 3H. The solid curve is the theoretical re~
sult with the Tabakin parameters. The data points are
from Hughes et al. from Ref. 1. (b) Inelastic cross
section for electrodisintegration of He. Curve a rep-
resents the experimental data. Curve b is the theoret-
ical result with the Tabakin parameters. Curves ¢ and
d are the two~body and three-body contributions to the
theoretical result.

with ﬁ- equal to the negative of the spectator-
pair center-of-mass momentum and ¢g (D) is the
deuteron wave function. Equation (3) applies to
the I(k) in Eqgs. (1b’) and (2b), if ¢ (D) is re-

placed by the appropriate scattering state ¢ (™) ®).

The value of &, ,4, the maximum relative mo-
mentum of the spectator particles, is deter-
mined kinematically from the smallest value of
proton energy in the experiment. By use of these
results, we obtain the inelastic cross sections
by integrating over the nucleon angles. The re-
sults of interest we compute numerically, inte-
gration done by appropriate Gaussian quadrature.
The results obtained with this model are en-
couraging and interesting. First let us consider
the inelastic cross sections. In Fig. 1(a) we give
the result for electrodisintegration of tritium su-
perimposed on the Hughes et al. data for initial
electron energy equal to 398.4 MeV. The agree-
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FIG. 2. Coincidence cross section for electrodisin-
tegration of 3He. Curve a is the theoretical result with
Tabakin’s parameters and curve b with the effective
range parameters. The data points are from Ref. 2.

ment with the experimental results (which have
not been adjusted for radiative effects'?) is ex-
cellent over a range of final electron energies
corresponding to excitation energies from ~40 to
~130 MeV. Figure 1(b) contains similar results
for ®He, but we show the contributions from the
two-body and three-body processes. We ob-
tained similar results for the data at E;=248.8
MeV and 6 =90°. Now we look at the coincidence
results with consideration of both the Tabakin
and effective-range parameters. We obtain ex-
cellent agreement with the Johansson data for
process (2b) when we use the Tabakin parame-
ters, but the effective-range set gives a result
which is a factor of 2 too small, However, for
processes (1a) and (1b), agreement is poor. If
we plot the sum of these processes against the
Johansson data as shown in Fig. 2, we see the
result lies 40 % below the data at the peak for the
Tabakin parameters. When we consider only pro-
cess (1a) and compare it with both the Johansson
and Gibson-West analyses, the Tabakin parame-
ters give a result ~30% below the Gibson-West
peak which is equivalent to 40% below the Jo-
hansson peak. Again the effective-range param-
eters give a result roughly 50 % smaller than the
Tabakin case.

We therefore conclude that this fairly simple
model description of the electrodisintegration of
3H and 3He yields good results for the inelastic
cross sections and points to the need for better
coincidence data. Disagreement with the inelas-
tic data is expected at both low and high ¢ val-
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ues. In the low ¢® region, three-particle as-
pects of the final-state interactions are expected
to be important'® and these are neglected in im-
pulse approximation. At high ¢, the cross sec-
tion should be more sensitive to the trinucleon
structure and to meson-exchange effects. How-
ever within these two extremes, the approxima-
tion of a spatially symmetric ground state corre-
sponding to Tabakin’s model 2 appears to be ade-
quate within experimental errors. Thus, unfor-
tunately, we cannot say anything about other
components in the ground state nor about other
aspects of the nucleon-nucleon interaction. But
the point should be made that nowhere is three-
body data used to determine parameters. All pa-
rameters are determined from two-nucleon data.
The disagreement of the model with the 3He coin-
cidence data can be attributed to two possibili-
ties. Firstly, it is possible that the model is not
adequate for explaining the coincidence data and
that when we compute the inelastic cross section
the sensitivity to the model is decreased and
agreement with experiment is accidental. Sec-
ondly, it is possible that the model is adequate,
but the experimental results of Johansson could
be incorrect by as much as 40% rather than his
estimate of 20 % in addition to statistics. Reso-
lution of these alternatives could be achieved by
new coincidence measurements with higher reli-
ability and more points. Finally, the apparent
inadequacy of the pole model could be traced to
neglect of final-state interactions between the
spectator pair as well as the ambiguity in deter-
mining the vertex parameter for process (1a).

A detailed account of this work including re-
sults not shown here will be submitted for publi-
cation elsewhere.
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