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Up to the highest momentum transfer measured [=2 (GeV/c)'], the inelastic double diiferential
a-nucleus cross sections obtained with a's of 7 GeV/c incident momentum are fairly well de-
scribed by an incoherent sum of single and double quasielastic collisions on the substructures of
the target, and the diferent orders of scattering are clearly identified. The assumptions used in
this analysis are also justified by the elastic behavior of the integrated partial cross sections that
correspond to these dift'erent orders of scattering. The interpretation of these integrated cross sec-
tions by a Glauber model enables the evaluation of the mean square radii as well as the spectro-
scopic factors of the substructures concerned. Pion processes measured in these u-nucleus col-
lisions are also considered.

INTRODUCTION

We proposed a first description of the inclusive inelas-
tic cross sections in terms of an incoherent sum of quasi-
elastic scattering processes of a projectiles on the sub-
structures of the He target for the reaction aa~aX,
measured with a's of 4.3 and 5.07 GeV/c incident
momentum. ' The main trends of these data were also
well reproduced by multiple scattering models, but
these calculations could not explain a part of their be-
havior, which some authors attributed to more complex
reaction mechanisms or to clusters in the nuclei.

New measurements at 7 GeV/c with H, He, and He
targets enable us to confirm and extend our analysis up
to the highest momentum transfer measured [ ~

t
i
=2

(GeV/c) ]. In this case, the different orders of scattering
are clearly identified in the energy loss spectra. As a re-
sult of the precision of these new data and the wider
range of transfer momenta measured, double scattering
contributions are displayed. A method similar to that
used to describe the simple quasielastic scattering is also
used to study this process. On the other hand, the ener-

gy loss spectra measured include part of the one pion
production field. Measurement of this inelastic reaction
with a 'H target is presented, but here it is shown that
this pion contribution can also be described by a pattern
similar to the one proposed for the double scattering
contributions. In this way, pion production with H,
He, and He targets is evaluated by comparing the cor-

responding inelastic spectra with the ep inelastic data.
First, we present the method used to describe all the

inclusive double differential cross sections. Next, we
show the integrated partial cross sections that corre-
spond to the different orders of scattering. The tech-
nique used in the analysis is based mainly on elastic kine-
matic calculations and it is justified by its successful
description of all the data, but also by the characteristic
elastic behavior of the partially integrated spectra. As
will be seen, some understanding of the behavior of the
partial cross sections can be obtained without theory

both by the comparison of the results of different targets
('H, H, He, and He) and by the comparison of these
inelastic cross sections with their elastic counterparts (al-
ready published ).

At low momentum transfer, the interpretation of the
quasielastic integrated cross sections by a Glauber mod-
el, which successfully accounts for elastic scattering be-
tween light nuclei in the same range of momentum
transfer, as was shown in our previous publications on
nuclei reactions, ' ' allows us to calculate the spectro-
scopic factors of the components of the targets and the
mean square radii of the polybaryonic substructures
scat tered.

I. DESCRIPTION OF THE DOUBLE DIFFERENTIAL
INELASTIC SPECTRA

The inelastic spectra measured at 7 GeV/c are de-
scribed by two contributions:

(i) a quasielastic part which is always the more impor-
tant part of the spectrum measured in the momentum
range of the scattered a, and

(ii) a pion production part which is 20—30 times weak-
er than the quasielastic part. Pion production associated
with a nucleon (the other part of the target being as-
sumed as spectator) takes place at t values outside the
quasielastic spectrum and therefore can be studied.

A. Quasielastic part of the spectra

As can be seen in Figs. 1 —3, most of the data are well
fitted by an incoherent sum of quasielastic scatterings on
the target and on the substructures of the target. Only
two modes of quasielastic reaction are taken into ac-
count:

(i) simple elastic scattering on a substructure, the oth-
er being spectator (spectra labeled I —3), and

(ii) quasielastic scattering on the target or on a sub-
structure of the target, both being broken up into two
parts in the final state (spectra labeled 4—6).
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1. Calculation of the partial spectra

The forms of the partial spectra, that is, the distribu-
tions of the a's as a function of the energy loss AE due
to the breakup of the target and to the Fermi momenta
acquired by the components of the target during the re-
action, are obtained by a simulation (Monte Carlo
method). The variables used in this simulation are the
directions and sizes of the Fermi momenta.

For simple a scattering on a substructure with a spec-
tator, each simulated event corresponds to an elastic
scattering between a substructure with momentum pf
(c.m. of the target) and an a particle with a momentum
calculated kinematically so that conservation of energy
and momentum is globally respected in the reaction.
The energy carried away by the spectator is

E, =(m, +pf )', and the only energy available for the
"elastic" scattering of the a is E'=ET —E,„, where ET
is the total energy of the system.

For double a scattering on a target or on a substruc-
ture of the target, the kinematics of a simulated event
correspond to those of an a elastic scattering on a "miss-
ing mass, " whose value is equal to the sum of the ener-
gies of the two components of the scattered element;
that is,

MM=(M +p )' +(M +p )'

where M& and Mz are the masses of these components,
and pf their Fermi momenta acquired in the breaking
up of the scattered element. MM does not depend on
the energy transferred for the elastic scattering (Fermi
momenta of the two components are equal and opposite
in direction). Once again, the momentum of the a scat-
tered "elastically" and the energy available in the elastic
part of the reaction are calculated such that energy and
momentum are conserved globally.

When double scattering occurs on a substructure,
therefore with a spectator, the values pf of the spectator
(and of the substructure) and pf of the components of
the substructure do not depend on each other and may
have different distributions. This is obviously taken into
account in the simulation.

The double differential cross sections d o jdrodp are
evaluated by fitting the heights of the partial spectra to
the data, the adjustment being checked by a 7 method.

Distributions of Fermi momenta: The angular distribu-
tion of the Fermi momenta is assumed to be isotropic in
the center of mass of the target. For aa reactions, the

pf distributions of the substructures taking part in the
reaction, (t,N) or (d,d), are the same as those used to de-
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FIG. 1. Inclusive cross sections d o. /dQdp (lab) for the reactions a H~aX, a'He~aX, and a He~aX at 7 GeV/c. Elastic
peaks are subtracted. For each column, the spectra are measured at the same angle for each target [0~,„=3.1', 3.8', and 5.1' corre-
sponding to transfer momenta

~

t
~

=0.14, 0.22, and 0.39 (GeV/c)2]. These spectra are analyzed as an incoherent sum of quasielas-
tic scatterings. The partial spectrum 1 corresponds to aA~aN+ spectator, A being 'H, 'He, or He and N a nucleon of the tar-
get; 2 corresponds to aA~ad + spectator; 3 corresponds to +A~at + spectator, t being He or H; 4 corresponds to aA~a(2N)
(+ spectator if A is He or He: it is a scattering on a dibaryon of the target, broken up into two nucleons). The solid line

represents the sum of these contributions.
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FIG. 2. Same as for Fig. 1, but 8i» ——6. 1, 6.9', and 7.6', corresponding to transfer momenta
I t! =() 55, p.71, and p. 85 (GeV/c)'

The spectra labeled 5 correspond to double scattering on a tribaryon of the target, broken up into a deuteron and a nucleon. With
a He target, the tribaryon is a substructure of the target and a nucleon is the spectator.
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FIG. 3. Same as for Figs. 1 and 2, at higher transfer momenta [8~» ——8.2'~! t! =0.96 ( GeV c/)', 8=9.5'~!t! =1.3 (GeV/c);
8=10.1 ~!t! =1.5 (GeV/c)~; and 8=11.1 ~!t

r
=1.8 (GeV/c)']. The spectra labeled 6 correspond to a He~a(d, d) or a(t,N),

double scattering on two substructures of He.
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scribe the aa data at 4.3 and 5.07 GeV/c. '

For a He reactions, the pf distribution for the sub-
structures d and p in He is the Irving-Gunn distribu-
tion, " and the classical Hiilthen function is used for the
nucleons in a deuteron target. In fact, fitting the calcu-
lated partial spectra to the data at 7 GeV/c does not re-
quire very sophisticated momentum distributions.

Gaussian functions in momentum space P(p)
= A exp( —p /2po ), with a suitable parameter po, enable
us to obtain results differing insignificantly from those
obtained with more sophisticated distributions. The ap-
propriate values of po for substructures in H, He, and
He are 45, 90, and 135 MeV, respectively, which is ap-

proximately equal to the mean square momentum
(p ) ' corresponding to the distributions chosen.

Finally, a Gaussian spread is introduced into the cal-
culations to take into account the resolution of the spec-
trometer (bp /p =0.2%) and the angular aperture
(2 X 10 sr).

2. Results

A selection of a-nucleus spectra measured at 7 GeV/c
incident momentum are presented in Figs. 1 —3, along
with calculated partial quasielastic spectra. In each
column the angles measured with He, He, and H tar-
gets are equal or very close (measurements were made in
the same experimental conditions).

Partial spectra labeled 1, 2, and 3 correspond to
scattering on substructures containing one, two, and
three nucleons respectively, and with a spectator. Spec-
tra labeled 4—6 correspond to the a's being quasielasti-
cally scattered on two substructures of the target. Spec-
trum 4 represents a scattering on a dibaryon broken up
in the final state, and with a spectator when the target is
He or He, 5 corresponds to a scattering on a tribaryon

broken up into a nucleon and a dibaryon (and with a
spectator if the target is He), and, finally, 6 corresponds
to a scattering on He broken up into two substructures
d + d or t + N. The sums of partial spectra are
represented by solid lines. The spectra presented in
Figs. 1 —3 are plotted as a function of a dimensionless ra-
tio p=b, E/(q /2M ), where AE is the energy loss,

2
P 7

q = —t the momentum transfer corresponding to the
scattering angle measured, and M~ the proton mass.

I'he use of this unit makes comparison of the spectra
easier; this is true both for the various targets and the
scattering angles, since the elastic peaks for an 3 target
(3 denotes atomic number) are always centered on the
position p = 1/2, which also applies to quasielastic
bumps.

No interference contribution has been taken into ac-
count in the fits of the spectra and, a posteriori, the re-
sult justifies this incoherent summation of these partial
spectra.

In Table I all partial contributions used to describe
quasielastic spectra have been presented, both for the
various targets and as a function of the momentum
transfer t.

Remark: The double scattering spectra 4—6 may con-
tribute to the inelastic spectra at transfer momenta lower
than those indicated in Table I, but these contributions
are then very weak compared to the simple scattering
contributions and cannot be evaluated correctly by the
method used here.

B. Pion contributions

ap inelastic spectrum: Results for this reaction at 7
GeV/c are presented elsewhere, but no explanation has
been given for the form of the double diff'erential spectra
measured. One of these spectra is presented in Fig. 4(a).
The similarity between these spectra and the double
scattering already presented (4 in Figs. 1 —3) suggests
similar quasielastic behavior of this inelastic reaction.
Indeed, in the same way as the a(2N) spectrum —double
scattering of an a particle on the two nucleons of the
deuteron —can be described as an elastic scattering of an
object of missing mass

M, , =( ', + ')'"+( '. + ')'",
m and m„being the masses of a proton and a neutron
and pf their Fermi momentum, we propose to describe
the pionic spectrum by an a quasielastic scattering on a
(p7r) system of missing mass

M(p )
——(mp+pf )' g(m +pf )'

each of the components of this system being a Fermi
momentum pf'. As can be seen in Fig. 4(a), a good fit for

TABLE I. Composition of the quasielastic spectra. (Underlined numbers correspond to labels of
the partial quasielastic spectra seen in Figs. 1 —3.) (sp. denotes spectator. )

—t &0.06 —t &0.15 —t &0.4 —t &0.5 —t &0.9 (GeV/c)'

ad~ aN+ N sp. (1) a(2N) (4)

a He~ ap + d sp. (1)
ad + p sp. (2) a(2N) + N sp. (4) a(d, p) (5)

aa~
aN + t sp. (1)
ad + d sp. (2)

at + N sp. (3)

a(2N) + d sp. (4) a(d, N) + N sp. (5)

a(t, N)
a(d, d)

' (6)
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this data is thus obtained, the pf distribution corre-
sponding to a simple Gaussian function
P(pf')=goexp( —pf /2p ), p =135 MeV/c

We make the following remarks:
(1) In the kinematic calculations of these inelastic

spectra, the energy required to produce a pion is ac-
counted for.

(2) As will be seen, the quasielastic description of this
reaction is confirmed by the quasielastic behavior of the
corresponding integrated spectrum (Fig. 10).
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FIG. 4. Double differential inelastic cross sections at
O~,b

——4' beyond the pion production threshold for (a) ap~aX,
(b) a H ~aX, (c) a He —+aX, and (d) a He —+aX. The scale
of missing masses is calculated for aN reactions, N being a
proton or nucleon of the target, the mass of the spectator next
to N not being taken into account. In (a) the spectrum
represented by a solid line is the result of a kinematic calcula-
tion described in the text. The spectrum B [in (a)] denoted by
a dotted line is the result of subtracting the spectrum A from
the data. In (b) —(d) the a are the results of subtracting the in-
elastic spectrum ap~aX from the spectra obtained with the
other targets. This background may be attributed to pion con-
tribution associated with multibaryonic substructures or with
the target. The "structures" E, E', and E" probably have no
real signification. They are due to the subtraction of the a(p, vr)

spectrum obtained with a 'H target and would certainly disap-
pear if an a(N, n. ) spectrum widened by the Fermi momentum
of the nucleon N of the multibaryonic target were more
correctly subtracted.

(3) When p&
——p, the corresponding missing mass

M=1140 MeV/c is the same as that proposed in Ref. 7
for the (N, m) system.

(4) One result that appears when the calculated spec-
trum is subtracted from the data spectrum [Fig. 4(a)] is
an inelastic contribution beginning at the threshold of
(p, 2m. ) production.

Pion production with other targets: As can also be seen
in Fig. 4, in the same range of energy loss, the inelastic
spectra of a H, a He, and o. He scattering behave as
the ap spectrum.

The analysis of these data is more difficult for two
reasons:

(i) the widening of the aN quasielastic peak when the
target is heavier (N being a nucleon substructure in the
target), and

(ii) the probability of the existence of additional pion
production associated with the substructures composed
of several nucleons, or with the target itself.

In Fig. 4 the cross sections are plotted as a function of
the missing masses, the inelastic processes are considered
as being associated with a nucleon N of the target, and
the mass of the spectator is disregarded. The four in-
elastic spectra appear in the same "missing mass' range.

Assuming that the cross sections for the inelastic con-
tribution aA~a(Nvr) + spectator (A~ H, He, or He)
are equal to those of the inelastic reaction apnea(p, m),

the inelastic spectrum ap —+o.X has been subtracted
from the other a H, o. He, and a He spectra for miss-
ing masses higher than the threshold for one pion pro-
duction. The spectrum resulting from this subtraction
can be understood as the end of another pion production
spectrum associated with a heavier "target" (the thresh-
old of one pion production associated with a target of
several nucleons is higher than that associated with one
nucleon). This weak inelastic contribution cannot be
separated from the important nonpion quasielastic
bump.

Remark: The hypothesis of an identical m. production
associated with a nucleon for all light targets must be
linked to the fact that the "spectroscopic factor" of the
N substructure in these targets is equal to 1, as can be
seen in Fig. 5.

II. PARTIALI. Y INTEGRATED
CROSS SECTIONS der /d j

In Figs. 5 —10 the integrated partial spectra corre-
sponding to the different contributions of the inelastic
spectra measured are presented. In these figures each
point corresponds to the area of one partial spectra (1 —6
in Figs. 1 —3 and A in Fig. 4) as a function of the
transfer t. The soundness of our first analysis of the re-
action aa~aX measured at lower energy' was already
supported by the elastic behavior of such integrated par-
tial spectra. This behavior is fairly well confirmed by
the data at 7 GeV/c; that is, for all partial spectra result-
ing from this analysis.

In Fig. 5 the cross sections d6/dt, for the reactions
aA~aN + spectator, where A is H, He, and He, and
N a nucleon of the target A, are presented with the ap
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elastic cross sections measured in the same experiment.
In view of the large range of cross sections presented,
the superposition of the four spectra is very noticeable,
even if some small differences can be observed between
these results, especially at high transfers. These
differences are probably due to inelastic contributions
such as pion production associated with the target, or
with a multibaryonic substructure. A similar effect has
already been proposed to explain part of the inelastic
contributions on the outside of the quasielastic bump
[Figs. 4(b) —4(d)].

In Fig. 6 the reactions aA~ud + spectator, where A
is He or He, are presented along with ad elastic cross
sections. In Fig. 7, a He~at + N spectator is present-
ed along with the e He elastic cross sections. All the
elastic reactions were measured in the same experiment.

As can be seen, all these quasielastic integrated spec-
tra present clearly diffractive structures in the same
range of momentum transfer as the diffractive structures
of the corresponding elastic spectra. The integrated
double scattering cross sections corresponding to the
partial spectra labeled 4—6 in Figs. 1 —3 are displayed in
Figs. 8 and 9.

In Fig. 8 the reaction ad~a(2N) is presented along
with the o.d elastic reaction at 7 GeV/c. Data for the
same reactions obtained at 4 GeV/c (Ref. 12) are super-
posed and show weak incident energy dependence in this
range. The similarity between the elastic and quasielas-
tic processes seems significant.

The double scattering reaction a He~a(d, p) is also
presented in Fig. 8 along with the a He elastic reaction
obtained in the same momentum range as the triple
scattering in the elastic spectrum; in the same way,
a(2N) double scattering appears in the same range of
transfer as one of the double scattering reactions in the
ad elastic spectrum.
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FICx. 5. do. /dt integrated partial cross sections for the qua-
sielastic reactions ad~aN + N spectator (8 ), a 'He~aN
+ d spectator ('7 ), and a He ~aN + t spectator ( ), along

with the ap elastic cross sections (~ ), all at incident mornen-
tum 7 CreV/c.

FIT& 6 do. /dt integrated cross sections at 7 GeV/c for
a 'He~ad + p spectator and for a He~ad + d spectator,
along with the ad elastic cross sections. Data are separated by
a factor of 10 to enhance legibility. The dashed lines are to
guide the eye. The solid lines correspond to calculations based
on the Czyz and Maximon model (Ref. 13), with the usual NN
parameters [already used to describe elastic data at 7 GeV/c
(Ref. 8)], i.e. , the scattering amplitude, the Re/Im ratio
a = —0.35, the elastic scattering slope P=6 (GeV/c), and the
total cross section cr =45 mb. The other parameters used in
the calculations are R (R = —( r ), ( r' ) being the mean

square radius of the scattered object —substructure or target)
and f, the spectroscopic factor or normalization factor vs elas-
tic reaction: For a'He~ad+ N spectator, R2 ——1.2 fm and

f2 ——l; for a He~ad+ d spectator, Rq ——0.8 fm and fz ——0.5;
for ad elastic scattering, Rd ——1.45 fm (Ref. 15).
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In Fig. 9 the reactions aA~a(2N) + spectator, where
A is He or He, are presented along with ad —+a(2N).
The similarity of behavior among these three integrated
spectra certainly justifies the use of an identical interpre-
tation for the three targets H, He, and He. At high
momentum transfer, these contributions become very
important. The a(2N) + spectator cross sections ob-
tained with He and He targets are approximately equal
to and twice those of the a(2N) cross sections obtained
with a H target. Once again, the diffractive structures
of these new integrated spectra lend weight to the pro-
posed analysis.

In Fig. 10 three integrated spectra do /dt are
displayed:

(i) ad elastic cross sections,
(ii) aa~a(2N) quasielastic cross sections measured in

the same experiment, and
(iii) apnea(N, m. ) cross sections corresponding to the

calculated spectra, such as A in Fig. 4(a), which fit the
ep inelastic data.

This comparison justifies understanding the inelastic
process apnea(N, n ) as a double quasielastic scattering
of a projectiles on to a "two component" object, in
which case it is seen that replacing one of the nucleons
in the dibaryon by a pion changes only the magnitude of
the cross sections, the slopes and positions of the
diffractive structures as a function of the momentum
transfer remaining unchanged.

III. INTEGRATED INELASTIC SPECTRA

The inclusive inelastic cross sections do. /dt are ob-
tained by integrating the inelastic spectra measured over
the momenta of the scattered u's. In Fig. 11 data for
the a reactions with H, He, and He at 7 GeV/c and
with He at 4.32 and 5.07 GeV/c are displayed. Each of
these spectra presents a diffractive structure around

~

t
~

=0.2 (GeV/c) . On the other hand, the superposi-
tion of the aa cross sections shows that the result is in-
dependent of the incident energy in the range measured.

As can also be seen in Fig. 11, calculations in the
framework of the Glauber theory reproduce the main
features of the aa data, but some deviations are intrigu-
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tions. The dashed lines are to guide the eye and the data are
spaced out to enhance legibility. The solid lines represent cal-
culations based on the Czyz and Maximon model, with the
same NN parameters as in Fig. 6. The other parameters used
to describe the quasielastic cross sections at low transfers are
as follows: R3 ——I fm and f3 ——0.5. For elastic cross sections,
R3 ——1.4 fm (Ref. 1).
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FIG. 8. do. /dt integrated partial cross sections for
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ad~ad at the same energies, 7 GeV/c (0) and 4 GeV/c (~ );
and for a He~a(d, p) and a He~a He at 7 GeV/c. The
lines are to guide the eye.
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ing. Indeed, the position of the diffractive structure at
lower momentum transfer than the calculated value can
be understood by the contribution of the quasielastic
scattering of a's on multibaryonic substructures, which
is not taken into account in the calculations, minima of
diffraction of the corresponding partial spectra occurring
at lower momentum transfers.

On the other hand, with regard to the cross sections
at high momentum transfers, as will be noted in the dis-
cussion that follows, the Glauber models seem to un-
derestimate low orders of scattering for aN quasielastic
reactions, and the interference contributions taken into
account are probably excessive.

Finally, the superposition of ap elastic cross sections
on the ed inelastic spectrum shows the preponderance of
aN reactions at low transfers and the importance of
double scattering after the first minimum (Fig. 11).

IV. THEORETICAL COMMENTS
AND INTERPRETATION

OF THE INTEGRATED PARTIAL SPECTRA

predicted by multiple scattering models at low transfers,
but it is unexpected beyond the first minimum. Thus,
calculations by Fujita and Hufner using the multiple
scattering series of Glauber and Matthiae' predict that
multiple scattering must dominate at high transfers. In
the same way, combining Glauber formalism with the
Thomas-Reiche-Kuhn sum rule to calculate mean energy
loss in the reaction aa —+aX, Krimm et al. , as well as
Simbel et ai. , predict that multiple scattering on
several nucleons must play a leading role at high
momentum transfers. Our data at 7 GeV/c lead us to a
different conclusion. This is also obvious from Fig. 12,
where these calculations ' are compared with the mean
energy loss of the spectra measured. As can be seen
from this figure, it is only when a scattering on one nu-
cleon passes by a minimum (q /2m~ =0.1 GeV) that the
weight of the scattering on several nucleons may dom-
inate.

On the other hand, the fact that the nN quasielastic
cross sections are always close to the ap elastic cross
sections, up to the higher momentum transfers, is possi-

A. aN+ spectator quasielastic scattering

In Fig. 5 we observed the superposition of the aN
quasielastic cross sections on the ap elastic cross sec-
tions measured in the same experiment. This effect is
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FIG. 9. der/dt integrated partial cross sections at 7 GeV/c
for a He ~a(2N) + d spectator and for a He ~a(2N) + N
spectator, along with a H~a(2N). Data are spaced out to
enhance legibility. The solid lines are to guide the eye.

FIG. 10. do. /dt cross sections for the reaction apnea(p, ~}
corresponding to the evaluation proposed in the text [integra-
tion of spectra A, as represented in Fig. 4(al]. Here these cross
sections are compared with ad elastic cross sections and with
ad~a(2N) cross sections; the a(2N} spectrum is spaced out by
a factor of 10 to enhance legibility. The solid lines are to guide
the eye.
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ble only if the interference contributions are negligible.
Therefore, not taking into account this effect in the
analysis of these data is justified.

B. Qnasielastic scattering of ad and at
with a spectator

As was shown with our first aa data, ' the integrated
cross sections do. /dt for the following quasielastic reac-
tions,

aa~d+d spectator,

aa~t+ N spectator,

a He~a+N spectator,

can be described at low transfer by the Czyz and Maxi-
mon model. At high transfer momentum, the predic-
tive capacities of this model are only qualitative, even
for elastic scattering. But, when the calculations are
adjusted to the data in the range of transfer where this
model fits the elastic reactions well, we can determine
two characteristics of the substructures concerned:

10

p

(i) The mean square radius of the substructure. This
result occurs through the wave functions used in the cal-
culations. These functions are harmonic oscillator wave
functions, which appear in the form of a nuclear density
dependent on a parameter R, i.e.,

p(r)=(rr/R ) exp( r—/R ) with R =—', (r ) .

(ii) The "spectroscopic factor" f of the scattered sub-
structure, if we consider that this result can be obtained
by determining the scale factor between the curve calcu-
lated and the experimental cross sections do/d. t

The best fits of the cross sections do. /dt for the reac-
tions axed+ d spectator and aa~t+ N spectator at
7 GeV/c are obtained with the same values proposed to
describe these spectra at lower energy, ' that is,

(a) for a "dibaryon" in He, ( rd ) = (1.0 fm) and

f, -0.5, and
(b) for a "tribaryon" in He, (r, ) =(1.2 fm) and

ft =o.5.
Cross sections for a He~a+ N spectator are aIso

reproduced at lower transfer with the same Glauber cal-
culation, but this time with ( rd ) —(1.4 fm ) and fd = 1.
This "spectroscopic factor" seems to mean that the "di-
baryon" in He behaves as a quasifree deuteron.

The results of these fits are presented in Figs. 6 and 7.
The fits of the elastic cross sections using this model,
shown in the same figures, indicate that this calculation
is valid in the same low momentum transfer range for
both elastic and quasielastic cross sections.
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FIG. 11. do. /dt integrated inclusive inelastic cross sections
for aa~aX at 4.32 GeV/c (0 ), 5.07 GeV/c (~ ), and 7 GeV/c
( ). The dashed lines 3 and B on the aa spectra are theoreti-
cal calculations from Refs. 3 and 4. Also shown are do. /dt in-
tegrated inelastic cross sections for a 'He~aX at 7 GeV/c (0)
and do. /dt integrated cross sections for a H~aX at 7 GeV/c
(E), along with ap elastic cross sections at the same energy
(V). Lines between data dots are to guide the eye.
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FIG. 12. Mean energy loss AE vs p=(q /2M~) for a nu-
cleus ~aX at 7 GeV/c. The solid lines A and B are the re-
sults of calculations from Refs. 3 and 5. The dashed lines
represent the mean energy loss for n=1, 2, and 3 collisions in
the target, according to the calculation from Ref. 3. ~, for hE
in aa~aX; 0, for AE at~aX; 6, for AE ad~aX.



1434 J. DUFLO 36

The dominance of quasielastic processes with twofold
breakup of the target, one of the two components being
a spectator, is also shown by Rock et al. ' They use the
"quark-spectator counting rules" generalization for nu-
cleons in the nuclei' to account for inelastic electron
scattering on He and He.

C. Double scattering processes

The importance of this new contribution has already
been shown in our first measurement of the reaction
ud~aX at 4 GeV/c incident momentum. ' ' We also
observe this effect in the reaction dd~dX at 3 GeV/c.
Ballot et al. ' ' tried to calculate this process in the
framework of the multiple scattering formalism; the cal-
culations give too many structures produced by compli-
cated interferences, while the experimental cross sections
are smooth and globally higher than calculated values.

CONCLUSIONS

It has been shown that the different scattering process-
es occurring in o. inclusive inelastic scattering data at 7
GeV/c can be identified. Besides weak pion production,
these various processes correspond only to simple elastic
scatterings on substructures of the targets and quasielas-
tic scatterings on two substructures; neither multiple
scattering of a higher order nor interference effects are
needed to describe these data.

The elastic behavior of the partial reaction is stressed
by the most striking feature of the corresponding cross
sections, i.e., the clear diffraction structures of these
spectra. This behavior is corroborated by the similari-
ties between these spectra and those of the elastic reac-
tions measured in the same experiments and also by the
fact that quasielastic cross sections can be fitted at low
transfer momentum by a similar theoretical model as-
signed to the elastic reactions. This Czyz and Maximon
model enables us both to confirm the mean square radii
and the spectroscopic factors of the substructures of
He, previously deduced from ae data at lower energy,

and now also to determine the corresponding values for
the substructures of He.

We find it remarkable that the resulting cross sections
for the quasielastic reaction aN (+ spectator) are close
to those for the ap elastic reaction. This process, which
is true for all the light targets studied and up to the
highest momentum transfers measured, was not foreseen
by the multiple scattering theories.

The fact that there is no significant interference effect
contribution can be simply explained; in the final state of
each partial reaction, either the substructures are
different, or the kinematic properties are different, or
both, and only the cross sections add up, but not the am-
plitudes.

Pion production can also be understood as a quasielas-
tic process analogous to the double quasielastic reaction
ad~a(2N), with a pion taking the place of a nucleon.
By comparing single pion production measured in the
same experimental conditions with a H, He, and He
target, it is possible to evaluate the inelastic contribu-
tions, in spite of the low cross sections for these reac-
tions.

Now, a better understanding of such data, particularly
at high momentum transfer, will require a good theoreti-
cal model for elastic scattering phenomena. The sub-
structures in the nuclei will probably have to be taken
into account in this theory.

An extension of this study to heavier nuclei would be
very interesting, but unfortunately we have seen that
analysis of the inclusive spectra rapidly becomes difficult
and lacks precision when the atomic number of the tar-
get is increased. The study of such processes would be
possible if at least some of the scattered elements were
also detected. In spite of new experimental difficulties,
the increase in our knowledge of nuclei heavier than He
would justify such an undertaking.

The author wishes to thank Dr. V Franco, Dr. J.
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ful discussions.
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