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Summary. — Quasi-elastic electron seattering on nucleons bound in light
nueclei is considered using the electron-nucleon interaction of McVoy and
Van Hove. The shell model with the harmonic-oscillator potential is
assumed to describe the bound nucleouns in the initial state. The outgoing
nucleon is represented by a plane wave and the probability of the nucleon
reabgorption is taken into account by means of a reduction factor. Com-
parison of the quasi-elastic scattering contribution with the inelastic,
experimental .cross-section for ¢He, 12C and ¥0 is presented. The impor-

tance of possible effects of short-range nucleon-nucleon correlations is
discussed.

1. — Introduction.

The main features of inelastic electron scattering (™) from nuclei are well
known. In a typical experimentally measured inelastic cross-section (see
Fig. 1, 2, 4, 5) one can distinguish the following two parts:

(*) On leave of absence from Instytut Fizyki Jadrowej, Krakow.

(**) We discuss the noncoincidence experiments where one observes only the final
electron. Coincidence experiments involving detection of final nuclear products together
with the final electron, like the recent experiments of AMALDI ef al. (¥%), on the
(e, e, p) reaction, are still scarce. Their number should, however, increase in the near
future with the increasing number of the high-duty-cycle accelerators now under con-
struction.

() U. AMALDI jr., G. CAMPOS VENUTI, G. CORTELLESSA, G. FRONTEROTTA, A. REALE,
P. SanvaTor: and P. Hiriman: Phys. Rev. Leti., 18, 341 (1964).

(3) U. AMarpr jr., 6. Campos VENUTI, G. CORTELLESSA, E. DE SaNcris, S. FRUL-
1ANI, R. LomMBARD and P. Sanvapori: Phys. Lett., 25 B, 24 (1967).
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a) at small energy transfers a number of peaks corresponding.to the exci-
tation of discrete nuclear levels are seen;

b) at large energy transfers the cross-section follows an almost smooth
curve in which only little structure is apparent.

The large-energy-transfer part of the spectrum is referred to as the quasi-
elastic scattering. It corresponds roughly to direct collisions with the indi-
vidual, quasi-free nucleon in the nucleus. For a fixed incident-electron energy
£ and scattering angle 0, this part of the cross-section looks like a big bump on
the experimental curve (see Fig. 1, 2).

The present paper deals with the quasi-elastic scattering. There are two
reasons of our interest. Above all, the quasi-free scattering is expected to be
the dominant inelastic process, especially at high energies. It would therefore
be desirable to know fairly well the principal contribution which almost ex-
hausts the inelastic sum rule, not only in the electron scattering, but in any
electromagnetic process on a nuclear target. It has also been suggested (3) that
the tail of the quasi-elastic bump (very large energy transfers) should be very
sensitive to the nucleon-nucleon correlations. In order to obtain valuable
information about nuclear structure, however, one first must understand much
better the quasi-elastic scattering itself.

From any quasi-iree scattering calculations we would expect the following
features:

1) The quasi-free cross-section should not exceed anywhere the experi-
mental cross-section as the quasi-elastic events (i.e. events where the struck
nucleon escaped the nucleus without secondary interaction) represent only
a subclass of the inelastic events. Therefore a comparison of the quasi-elastic
cross-section with the experimental one can only yield information about the
relative importance of the quasi-free contribution.

2) The quasi-free cross-section should be fairly small in the region of

small energy transfers where the scattering to discrete nuclear levels presum-
ably dominates.

The existing quasi-elastic scattering caleulations (#5) were based on a Fermi
gas model and compared with the experiments on !2C. They fit very well the
large-energy-transfer side of the experimental bump (see especially the fits of
Czvz (%)), but at small energy transfers these calculations have a drawbabk,
giving numbers which even exceed the experimental data.

We use, for the description of the nuclear ground state, a more appropriate

(®) W. Czyz and K. GorFrIED: Ann. of Phys., 21, 47 (1963).
(*) W. Czxz: Phys. Rev., 131, 2141 (1963).
(®) J. Lovsera: CERN Report TH. 861 (1967).
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model for light nuclei, namely the shell model with the harmonic-oscillator
potential. The ejected nucleon is represented by a plane wave. The last as-
sumption is justified as we take into account the distortion effect in the final
state by means of a reduction factor.

The general formalism is presented in Sect. 2. The numerical results and
a comparison with the experimental data for ‘He, '*C and 'O are given in
Bect. 3.

2. — General formalism.

Let us consider the scattering of an electron with incident energy e (which
is sufficiently high to neglect the electron rest mass) through an angle 6 to a
final state with energy &', while the nucleus makes a transition from the ground
state |i) to the state |f>. The crogs-section for this process (we assume that one
observes only the final electron) is given, in the first Born approximation, by
the following (%) formula ():

d2o efeos? 02 =
. = — B
M de'dQ’ 4ezsin40/2%%5(‘“ B, + B,

4 1
{Z—ZQ%QH +- (bg? 0/2 - 92/242)[-7%‘;]]'2-— ?(in'q)(in'Q)]} ’
where |

— / a2 — o2 2.
W=—=£&—¢& , Gy = 0" —Gq%;

¢ being the three-momentum transfer to the nucleus. @y= S|y, jri=
= (flJ(q)|i> are the matrix elements between the ground and excited states
of the charge and current operators of the target nucleus, regpectively. In
eq. (1) all the quantities are to taken in the laboratory frame.

Equation (1) gives the most general form of the cross-section for the non-
coincidence experiment. In order to perform the calculations we have to make
some assumptions about the nuclear charge and current operators. We neglect
exchange currents and assume the charge and current operator of the nucleus
to be the sum of the operators for the individual nucleons. Following Mc Voy
and VAN HoOVE (?) we use the nonrelativistic form of the charge and current

() A. Marecki: Laboratori Nazionali di Frascati, LNF-67/51 (1967).

(*) We use a metric such that a,= (a,, @) and aﬂbﬂ=aobo—a-b. The magnitude
of the three-vector is a:[al. We also use units e= %=1, e2=1/137.

() K. W. McVox and L, Vax Hove: Phys. Rev., 125, 1034 (1962).



148 A. MALECKI and P. PICCHI

operators including terms to the order 1/M?® (M = nucleon mass):

o) = ) 3| [e1 s, 20 exv i r
@ @ =13

i=

{ZLJ;I (p;expliq-r;]+ exp[iq-r;]p;) +

Wi . S
+3 M@(%Xq) exp [iq rJ]},

where one sums over all the nucleons in the target nucleus and e;, u; are the
charge and total magnetic moment (in the nuclear magnetons) for the j-th
nucleon; r;, p;, 3o, are its position, momentum and spin operators, respectively.

In eq. (2) we have used an approximation concerning the nucleon electro-

magnetic form factor, namely we assumed the same form for the Dirac and
Pauli form factors:

Fulqy) = Fuldl) = Fouldh) = f(¢}),  while  F,,(g})=0.

The charge and current operators (2) when applied to eq. (1)result in the fol-
lowing formula for the cross-section:

d2o e* cos? /2 >

- 2 ﬁ‘ 1y e
O iy — i S [+ en—1 ] i )+

6 1 2 2 2 : g
+ (tgzg— 3 -QM/QZ) [Rz(q, w) + (4 + pn) ﬁ R,(q, w)]} .

R, (¢, ) are some functions of the momentum and energy transfer to the
nucleus. We call them the response functions. R,(q, ») describes interaction
with the nucleon charge and spin part of the current, whereas R,(q, ®) comes
from the interaction with the nucleon convection current. The formula (3) is
correct for nuclei with the same number of protons and neutrons in both spin
states.

For our quasi-elastic calculations the following model was assumed. We
use () the shell model for the description of the ground state of the nucleus.
The ejected nucleon is represented by a plane wave. In fact its wave is a distor-
ted one, but one call still work with plane waves, as we will take into accouns
the probability of the nucleon reabsorption. We shall do this by means of the
reduction factor D(w) defined as the probability that the ejected nucleon will
not share its energy with other nucleons in the nucleus. Under these assumptions

(®) V. DEVANATHAN: Ann. of Phys., 43, T4 (1967).
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the response functions are given by the following expressions:

(4a) B=

ho| =

w+q* P
5 .. far W (o Lot — g, 8

(4b) RzzlzNaDafmp [pz_ (__P"I)z].
2 a5 q2
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W“(")a(“’_ oM  2M(A—1) S“)’

where one sums over the single-particle orbital states occupied by nucleons in
the ground state. 8, and N, are the nucleon separation energy and number
of nucleons in the state |a) while W,(p) is the nucleon momentum distribution
in this state. In eqs. (4) we have taken into account the recoil energy of the
regidual nucleus (4 is the mass number of the target).

We choose the shell-model potential to the harmonic-oscillator potential
well.

For nuelei with filled s-shell (N,=4) and Z—2 protons and neutrons in
p-shell (N,= 2(Z—2)) we get from (4)

M s 2'N, D,
YT Vmag a2+ 1

AT+ UQy + 2)t] sinh (2VQ,+ 1 12) — 21V 2, + 14, cosh (2 Vo, 1)},

(a) R

exp [— (Q,+ 2),]

_ o 2'N,D,
T 24/mMq S (21 1),

(204 1+ 12, + 2)t,] cosh (2 V2, + L ts) — [, + 1)1} + 1R+ 2)ta+ 20+ 1T

(5b) R, exp [— (@i + 21 {2V + 18

- sinh (2V 2, + 14)},
‘where

4 g2\ 2M o A—lq)z
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o, being the oscillator potential parameter (the oscillator spacing equals o3/ M)
for the I-shell.

The reduction factor (%) is given by the integral over the nucleus of the prob-
ability that the nucleon struck at the point r will leave the nucleus without

(®) T. Ericson, F, SELLERI and R. VAN DE WALLE: Nuel. Phys., 86, 353 (1962).
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secondary interaction, in the direction given by a versor #:

(6) D (o) = Niz J‘dﬁmpl(r) exp [- afds(r, n) [k;o:l(phh %—é” ,

where @, is the nucleon density for the I-shell, ¢ is the effective nucleon-nucleon
cross-section. As we make an average over the nuclear volume, the reduction
factor is, in fact, independent of the direction #. It depends only on ¢, which
is certain function of the kinetic energy of the outgoing nuecleon, and hence a
function of energy transfer to the nucleus. Using consistently in (6) the nucleon
dengities, as determined by the oscillator potential well, we get for the 1p-shell
nuclei the following formulae for the reduction factors, corresponding to the
nucleon ejected from s-and p-shell:

2
8

'(gt%

8

1
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»
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where the oscillator parameters for the two shells were assumed to be different.

The reduction factors resulting from (7) and (8) are presented in Fig. 3,
for the **C target case, as the functions of o. It is interesting to compare our
values with those of JACOB and MARTS (), which have been obtained, in a dif-
ferent way, at ¢=29 mb. Our curves denoted 2) give (for explanation see
the next SBection) nearly the same numbers as in ref. (**) for both shells.

In order to evaluate with the aid of (3, (5), (7) and (8) the quasi-elastic
scattering cross-section as the function of energy transfer, we have to know the
dependence o= o(w). We assumed that the effective nueleon-nucleon cross-
section o(w), which enters in the reduction-factor caleulations, is the A-th
part of the neutron or proton total reaction cross-section for the target nucleus,
respectively, taken at the mean kinetic energy of the outgoing nucleon. This
mean energy equals (see eq. (4)) T= o —8—(p2/2(4 —1)M; (p?> being
the mean-square nucleon momentum in a given shell. This is very simple,
but seems also to be quite a reasonable assumption. ’l;hus the only secondary

() G. Jacoe and Tu. A. J. MaRIs: Nucl. Phys., 81, 152 (1962).
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interaction which we admit for the outgoing nucleon is the elastic scattering
in the nuclear optical potential. The events which would «spoil» the quasi-
elastic contribution, 4.e. events where the ejected nucleon shared its energy
with other nucleons in the nucleus, are however, ¢xcluded from the calculations.

Before closing this chapter we should like to mention certain limitations for
our caleulations. It was explicitly assumed in our treatment that the electron
interacts with only one nucleon in the shell-meodel potential well, but does not
cause any collective motions or excitations of various groups of nucleons. This
means that the momentum transferred through the intermediate virtual pho-
ton to the nucleus should be sufficiently high, as the probability of the col-
lective, .. nonquasi-elastic-type excitations would then be highly reduced.
This probability is given roughly by the square of the elastic form faetor (1)
(normalized to unity at ¢= 0) of the target F*(¢g) and, e.g. for the 12C target
is negligible (*2) for momentum transfers > (250 ~300) MeV.

From this discussion the conclusion follows: if the kinematical conditions
of the experiment, e.g. electron energy & and scattering angle 0 are so chosen
that the corresponding momentum transfers are sufficiently large, the quasi-
elastic scattering formulae (3) and (5) can be used with confidence; on the other
hand, at small momentum transfers, the factor 1—F2(g) can be treated as
an estimate of the probability that one is really dealing with the quasi-elastic
scattering. Using 1 — F2(g) as an additional reduction factor we hope to be
able to describe the average propertics of the quasi-elastic scattering contri-
bution. This is confirmed by the analysis presented in Fig. 2, where the two
sets of the quasi-elastic scattering curves with and without the factor 1 — 2 q)
regpectively are compared with experimental data (for more details see the
next Section). The curves obtained with the extra reduction factor encourage
us to use it with more confidence.

3. - Numerical results and diseussion.

The results of our quasi-elastic scattering calculations for *2*C, O and
*He are presented and compared with experimental data in Fig. 1, 2, 4 and b,
respectively. The curves for 2C and *He are calculated at constant incident-
electron energy ¢ and constant scattering angle 0, while that for 160y at constant
& and constant three-momentum transfer g. We have used the nucleon separa-
tion energies for the s- and p-shell as determined through (e, e'p) () and

(W) W. Czvz, L. Le$yviak and A, Margcki: Adnn. of Phys., 42, 97 (1967).
(2) R. Herman and R. HorstapTER: High Energy Electron Scattering Tables, Stan-
ford Univ. Press (Stanford, 1960). :
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(p, 2p) (**) reactions. The same separation energies for protons and for neutrons
were assumed. This is, however, an inessential deficiency, since the proton sepa-
ration energies are only known with an uncertainty of a few MeV. In the case
of 2C and O the two sets of the oscillator potential parameters have been
tried. The curves denoted 1) have been obtained with the same oscillator para-
meter for both shells o,= a,= o while the curves 2) were calculated with
different parameters (14) for the s- and p-shell: o, 7= a,. Both the sets of pa-
rameters give the correct root-mean-square radius of the target; moreover;
in the case of curves 2) the same dimension of the s-shell as that of the ‘He
nucleus (%) was assumed.

In our calculations the following phenomenological representation of the
electromagnetic form factor (*¢) was assumed:

Q) = (1- 24

with the nucleon r.m.s. radius a = (0.8-10-13) cm.

Let us discuss Fig. 1-5 in more detail. In Fig. 1 are presented our results
for 120, at incident electron energy s = 198 MeV and scattering angle 6= 135°.
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0 40 80 120 0
ehergy transfer (MeV)
Fig. 1. — Comparison of the experimental inelastic cross-seetion on 12C (large-mo-

mentum-transfer experiment) with the calculated quasi-elastic contribution (curves 1),
2) and 4)). For more details see text.

(33) G. Jacom and Tu. A. J. MARIS: Rev. Modern Phys., 38, 121 (1966).
(**) C. Cror1 DEGLI ATTI: Nucl. Phys., A 106, 215 (1968).

(%) H. FrANK, D. Haas and R. PRANGE: Phys. Lett., 19, 391 (1965); and 19, 719
(1965).

(**) R. HorsTADTER: Aun. Rev. Nucl. Sei., 7, 231 (1957).
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The experimental data in Fig. 1 are those of BouNIN and BISHOP (), whereas

the curve denoted L) comes from re-
cent calculations of L@VSETH (3). The
curve 1) has been obtained with the
same oscillator parameter for both
ghells — o= 120.5 MeV ('8}, while in
the case of curve 2) we have used the
different oscillator parameters, name-
ly «,=148.3 MeV (%), o,=114.8 MeV.

Fig. 2. — Comparison of the experimen-
tal inelastic cross-section on 12C (small-
momentum-transfer experiment) with
the calculated quasi-elastic contribution
(curves 1) and 2)). The lower curves are
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Fig. 3. — Reduction factors for 12C as the function of the effective nucleon-nueleon

eross-section.

(**) P. BouNiN and G. R. Bisuor: Journ. Physique, 24, 974 (1963).
(%) U. Mever-BeremouT, K. W. Forp and A. E. 8. GREEN: Awn. of Phys., 8, 119

(1959).
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Fig. 4. — Comparison of the experimental inelastic cross-section on *0O with the cal-
culated quasi-elastic contribution (curves 1) and 2)—see text).

Both curves are calculated with the nucleon separation energies §,= 34 MeV
and 8,= 14 MeV, for the s-and p-shell, respectively. The reduction factors for
12¢0 are presented in Fig. 3. The curves dencted 1) and 2), correspond to the
same sets of the oscillator parameters as above, respectively. In order to obtain
with the aid of these curves, the reduction factors as a function of the energy
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[

Tig. 5.~ Comparisén of the experimenstal inelastic .cross-section. on He with, the duasi-
elastic contribution. The lower curve is obtained with the extra reduction.factor.
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transfer o, we applied the method described in Sect. 2, making use of the neu-
tron and proton total reaction cross-sections for carbon. The latter have been
taken from ref. (**). Since momentum transfers in the experiment described
in Fig. 1 are sufficiently large (ranging from 330 MeV to 230 MeV), the extra
reduction factor, which we mention at the end of Sect. 2, is not important in
this case (it gives at most the 5%, change (*?) for the large w’s tail of the quasi-
elastic bump), and was dropped in our calculations.

This factor however is very important in the case of the experiment, pre-
sented in Fig. 2. The experiment was performed on '2C, by LEISS and TAY-
LOR (%), at incident electron energy ¢ = 80.9 MeV and scattering angle 6 = 135°.
Momentum transfers are now rather small, ranging from 135 MeV to 100 MeV,
and the introduction of the extra reduction factor 1 — F?(g) much improves
the quasi-elastic scattering curves. The curves 1) and 2) in Fig. 2 have been
obtained with the aid of eqs. (3), (5) and Fig. 3 using the same parameters for
123, respectively, as given earlier.

The results of our guasi-elastic scattering calculations for 0, at incident
electron energy &= 140 MeV and fixed momentum transfer ¢= 190 MeV, are
presented in Fig. 4, where they are also compared with the experimental data
of BismoP ef al. (2°). The curve 1) has been obtained with the oscillator para-
meters o, — o, = 111.9 MeV (*%), while in the case of curve 2) we have used
o, = 148.3 MeV (1%) and «,=107.3 MeV. For both curves the nucleon sepa-
ration energies §,= 38 MeV, §,= 16 MeV are assumed. As the reduction
factor curves for %0 are very similar to those for 2C they are not presented.
Related to 20 the reduction factors for %O are a little smaller, e.g. at ¢ =29 mb
we get the following values of the reduction factors for **C and 80, respectively
(we give numbers resulting from the curves 2) calculated with the different oscil-
lator parameters): 0.44 and 0.38 for s-shell, and 0.62, 0.58 for p-shell: The
nucleon reaction cross-sections on 0, which are necessary in order to obtain
the reduction factors as a function of energy transfer, were deduced from the
cross-sections for carbon (19) according to an assumed A% law (*921). As in the
experiment on *O the momentum transfer is fixed, the extra reduction factor
is independent of energy transfer. We have not taken it into account. It would
make the curves in Fig. 4 about 10%, (*2) lower.

Finally, in Fig. B we have presented the quasi-elastic scattering curves for
the “He target, at incident-electron energy &= 299 MeV and scattering angle
0 = 54.6°. Bxperimental data come from the recent work of FROSH et al. (22).

. Porrock and G. ScHRANK: Phys. Rev., 140, B 575 (1965).

. Biszop, D. B. IsaBeLLE and C. BETOURNE: Nucl. Phys., 54, 97 (1964).
. Maxino, C. N. WaDDEL and R. M. E1sBERG: Nucl. Phys., 50, 145 (1964).
. Froscu, R. E. Raxp, H. Craxnery, J. 8. McCarraY, L. R: SUELZLE
BARIAN: Nucl. Phys., A 110, 657 (1968).
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The theoretical curves (with and without the extra reduction factor 1 — F2(q)
have been calculated with the oscillator parameter o= 148.3 MeV (*5) and the
nucleon separation energy 8= 20MeV. In this case the factor 1— F2(¢)
equals about 0.8 (*2), while the reduction factor given by eq. (7) was assumed
to be 1.0. This value is justified for sufficiently small (w<46 MeV) energy
transfers, since the reaction cross-section on *He vanishes (2%) for the nucleon
energies below 20 MeV. At larger w’s one has, however, to take into account
the effect of the reduetion factor.

Before comparing the results of the present calculations with experimental
data we would like to stress the two features concerning the quasi-elastic con-
tribution which were already mentioned in the Introduction. Our quasi-
elastic seattering curves exhibit both these features: they do not exceed almost
anywhere the experimental cross-sections and, in the region of small energy
transfers, the quasi-elastic contribution is fairly small.

A few comments are relevant here.

1) Our calculations confirm the dominance of the quasi-elastic contri-
bution, especially at large energy transfers. The inelastic sum rule calculated
when considering only the quasi-elastic events could represent an instructive
estimate from below for the integral contribution of inelastic processes. The
¢ true » inelastic sum rule, including contributions from all possible inelastic
events, would be about (20--30)9%, bigger.

2) Our quasi-elastic scattering curves in Fig. 2 and 4 have a certain
structure which is also apparent in the experimental data. We mean a
small hump appearing at an energy transfer of 40 MeV. The effect has not
been seen in the calculations (#°) based on the Fermi gas model and could be
easily attributed to the shell structure of the nucleus. In that region of energy
transfers the quasi-elastic scattering on the s-shell nucleons begins to be impor-
tant and to compete with the p-shell contribution. In the experiment presented
in Fig. 1 this effect is no longer evident, because in this case the quasi-elastic
contribution from the nucleons in the s-shell is given by a very flat curve.

3) The difference between the curves 1) and 2), obtained with the same
and different oscillator potential parameters for s- and p-shells, respectively
is rather small (see Fig. 1, 2 and 4).

4) Our calculations show the existence of two regions of energy transfers
where the experimental cross-section significantly exceeds the quasi-elastic
one. One can hope to obtain information about nucleon-nucleon correlations
from these regions.

(?®) M. Arxorp, P. E. Hopason, D. F. Smaw and D. M. SKYRME: Nucl. Phys.,
19, 500 (1960).
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The first region corresponds to small and medium energy transfers:
(10 +70) MeV in Fig. 1, (10-32) MeV in Fig. 2, (10--40) MeV in Fig. 4. The
difference between the quasi-elastic curve and the experimental cross-section
is due to a minimum in the reduction factor curves which appears at these
energy transfers. The minimum is a reflection of the broad peak in the nucleon-
reaction cross-section on nuclei which falls in the region (10-+50) MeV (1*21). This
peak can be accounted for either by the large value of the elementary nucleon-
nucleon cross-section in this region of nucleon energies or by the importance
of inter-nucleon correlations (of long or short range) in the nucleus. In con-
clusion, it seems that in the region of small and medium energy transfers it
would be rather difficult to extract well-defined information about nuclear
structure, since the experimental numbers are produced by many effects of
different physical origin.

The second region where the experimental cross-section significantly exceeds
the quasi-elastic curve occurs at very large energy transfers, as is seen in Fig. 1
and was already demonstrated by the previous calculations (>4).

Czyz and GOTFRIED (3) have argued that quasi-elastic scattering should
be negligible for

(10) 0> wn= 2 M + qkp/ M + g/ MR,

where k, is the Fermi momentum and R is the radius of the nucleus. There-
fore the scattering at very large energy transfers is mainly due to nucleen cor-
relations and hopefully one can obtain some nontrivial information about
nuclear structure from this region. As this is a very important and challenging
problem we should like, before concluding this paper, to discuss the kinematical
conditions of the experiment at which the effect of inter-nucleon correlations
would best be visible. Comparison of Fig. 1 and 4 shows that the exact distinc-
tion between the quasi-elastic contribution and the experimental cross-section
is more feasible in the experiment performed at constant electron energy e
and constant scattering angle 6, because of the characteristic form of the quasi-
elastic scattering curve in this case. In the constant ¢, 6 experiment the mo-
mentum transfer varies with o and reaches its minimum value ¢= ¢, at
energy transfer

(11) 0= Wy, = 2e8in?26/2 .

The momentum transfers in the experiment should be sufficiently large in order
to detect better short-range two-nucleon correlations, such as e.g. hard-core effects,
which presumably dominate at high w’s; moreover, at large ¢, the quasi-elastic
formulae (3) and () are more reliable. For these reasons (in the case '*C and

160) we impose the condition ¢ >300 MeV. In this region of momentum trans-
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fer we are still safely far from the maximum ¢ at which the 1/M? approximation
used in (2) is useful and which has been estimaied to be (* about 500 MeV.
it is reasonable {0 assume that suitable values of ¢ and 0 for the experimeant
are given by the condition: w,, = w,. Thic condition gives

1

(12a) £=5 (¢uin + 1)
(12b) 6 = 2 arcsin Vgl
2e
Pummg Oin = 300 MeV and using kp= 1.48 fm~ (*%), R=3.12fm (radius of

the equivalent uniform charge distribution for carbon ( )) we obtain from (10;
and (12): e ~ 360 MeV and 6 ~ 56°. For these values of ¢ and 6 the region
where scattering can be ascribed to dynamical correlations in the nuclear
ground state begins at about 160 MeV. It is somewhat above the meson-pro-
duction threshold but the particle-production effects are siill negligible (**) at
these energy transfers.

Concluding this paper we should like to stress that a lot of interesting work
on the subject, both experimental and theoretical, remains to be done. It
would be very desirable to have more complete measurements of the inelastic
electron-scattering cross-section, especially for large momentum and energy
transfers. It is also necessary to have available a reliable method which would
take into account the dynamical nucleon-nucleon correlation corrections to the
basic quasi-elastic scattering contribution.

(*3) M. A. PrEsTON: Physics of the Nucleus (New York, 1962).
(#5) W. Czyz and J. D. WALECKA: Nucl. Phys., 51, 312 (1964).

RIASSUNTO

La diffusione quasi elastica .degli elettroni su nuecleoni legati in nuclei leggeri &
studiata usando linterazione elementare elettrone-nucleone di MeVoy e Van Hove.
Lo stato iniziale dei nucleoni legati & descritto secondo il modello a strati con un
potenziale di oscillatore armonico. Il nucleone uscente & rappresentato da un’onda
‘plaina; tenendo conto delle sie probabilith di riassorbimento mediante un fattore di
riduzione. Viene fatto il confronto del contributo di diffusione quasi elastica con le
sezioni d'urto sperimentali inelastiche per ‘He, 12C e 160. E discussa anche Pimpor-
tanza Ai possibili effetti di correzione nucleone-nucleone a corta portata.
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Ksam-ynpyroe paccesinge JJIEKTPOHOB HA JIErKRX fAXpax.

Pestome (*). — PaccMarpuBacTCcsi KBa3U-yIPYroe paccesiHie 2IeKTPOHOB Ha HYKIOHAX,
CBSI3aHHBIX B JIETKHX SIpAX, WCHONB3Ys BIIEKTPOH-HYKJIOHHKIC B3amMonelicTeus MaxBos
u Bam Xosa. Ilpenmomaraercs, uro o00JOYCYHAS] MOZIEIL C MOTEHIUAIOM IapMOHU-
9ECKOTO OCHUIIISTOPA, ONVCHIBAET CHAB3AHHBIC HYKIOHBI B HAYAIbHOM COCTOSIHHM.
VXOAsuli HYKIOH OIMCHIBACTCS IUIOCKOM BOJIHOW, ¥ BepOSTHOCTH HYKJIOHY 3aHOBO
OOTJIOTUTBCA YYUTHIBACTCS IIOCPEACTBOM (hakrTopa mpuBemeHms. Ilpencramigercs cpa-
BHEHVE BKIAJA KBa3U-YIPYLOrO pPACCESHHUS C HEYUPYTHM, SKCIIEPHMEHTAJLEBIM ITOMS-
peurnIM ceueHmem s 4He, 12C u 1%0. O6CyXmaeTcss BaXHOCTH BO3MOXHEIX dddexTon
KOPOTKOAEHCTBYIOIIHUX HYKIIOH-HYKIOHHBIX KODPEIALIH.

(*) Iepesedeno pedaryuel.
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