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Abstract: The reaction @ +a > o + X was measured between 3° and 11° in the laboratory, at 4.32 GeV/¢
and 5.07 GeV/c incident momenta. The spectra are described as an incoherent sum of quasielastic
scattering on substructures of the a-target. These quasielastic cross sections have a diffractive form
comparable to that of the known elastic scattering process. They are reproduced by Glauber-model
calculations which use radii for these substructures much smaller than those of the free nuclei.

NUCLEAR REACTION “He(a, @)X, P= 432, 5.07GeV/c; T =0.495GeV/N,
E 0.641 GeV/N; measured o(p, 6); extracted o(f) for quasielastic scattering on «-sub-
structures; comparison with multiple scattering models.

1. Introduction
Using the synchrotron Saturne I at Saclay, the inclusive reaction
at+a->a+X 1)

was measured at 4.32 GeV/¢ and 5.07 GeV/c incident momenta for values of the
four-momentum transfer, ¢, lying between 0.05 (GeV/c)* and 0.8 (GeV/c)>. These
data were taken at the same time as our measurements of aa forward-angle elastic
scattering at the same energies ).

* Present address: Physics Department, University of California at Los Angeles, Los. Angeles,
CA 90024, USA.
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In this energy region we have observed that the Glauber theory can account fairly
well for the e elastic scattering process up to values of 1= 0.5 (GeV/ ¢)*[ref. )]. We
are also interested in determining whether this theory can account for the present
inelastic results. We present here an analysis of this inclusive reaction data in terms of
quasielastic scattering on clusters in the a-target. In this study the a has the
advantage of being a light and relatively simple nucleus, since its wave function at low
momentum transfer can be correctly represented by a harmonic oscillator wave
function. Due to the small number of nucleons, it is possible to study its clusters
which, if they exist, will not be numerous and so more easily discernible. It should
also be noted that the interpretation is made easier by the fact that the « has spin and
isospin zero. Also, since we are in the intermediate energy range (T = 0.495 GeV/N
and 0.641 GeV/N), reaction (1) is less affected by absorption and distortion in the
entrance and exit channels >%) than at low energy, especially in the case of the
detected @ whose momentum is close to that of the incident a’s. It is possibly more
interesting to study this reaction by observing the emitted fragments rather than the
scattered @, but the fragments are emitted over the full solid angle and most
frequently with small momenta. From a purely experimental point of view, their
detection is more difficuit. In particular for the low-¢ processes studied in this work
the velocities of the emitted fragments are relatively close to typical nuclear
velocities, so final-state interactions are very important, distorting the picture of the
nucleus that could be extracted. It is obvious that a coincidence experiment that
would detect both the scattered « and the fragments would give the most complete
information.

2. Description of the experiment

The present experiment used the a-beam extracted from the synchrotron Saturne
I at Saclay. This beam of 2 X 10"°a-particles per cycle is focussed as a 1 cm high by
2 cm wide spot on a 5.6 cm long helium target. The scattered particles were analysed
by an achromatic double focussing spectrometer with a solid angle of 0.11 msr
defined by a lead collimator 4x8 cm. A detailed description of this layout has
already been published *). The horizontal angular acceptance of the spectrometer is
+3.8 mrad, and there is a 2 mrad uncertainty on the central scattering angle. The
momenta are measured at an intermediate focus by a five counter hodoscope
covering a band of relative momentum 4P/P = 5% with a momentum resolution of
1.05% (FWHM). The scattered a’s were identified by their time of flight overa 14 m
path and by their energy loss in the hodoscope and in the set of three scintillation
counters at the final focus. Deuteron contamination is small {<2%). The incident
beam was monitored by two-counters telescopes: one aimed at a thin foil located
upstream of the helium target, the other directed at the helium target. The stability of
the two monitors is reliable to ~1%. At both incident momenta absolute flux
calibration was obtained by measuring the activity induced in a graphite disc by the
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. 12 11 . .
reaction “C(a, X) C, whose cross section has been measured in the same momen-
. 5
tum region °).

3. Resuits

3.1. (d*c/d2 dp), SPECTRA.

At 4.32 GeV/c (T =0.495 GeV/N) we measured 14 'spectra between 3° and 11°
in the laboratory. At 5.07 GeV/c (T =0.641 GeV/N) we measured 13 spectra
between 3° and 10°. The data were corrected for the empty-target background
(<20%) and for nuclear absorption (<10%).

The set of d’o/df2dp inclusive spectra is presented inifig. 1. The errors shown are
statistical. There is also a systematic error of 10% resulting from the measurement of
beam intensity and from determining the solid angle of the spectrometer. The spectra
were measured over a momentum band of about 200 to 300 MeV/c.

3.2. do/d’q INTEGRATED SPECTRA

Integration of the inelastic spectra on the momentum of the scattered a’s gives the
inclusive inelastic cross section do/d{2;, of the reaction a + « > a + X in the region
analysed. The do/d°q cross sections resulting from these integrations are shown in
fig. 2, q being the average transverse momentum of the spectrum measured. For the
largest angles studied (¢ = 0.55 GeV/c) where the spectra were not measured over a
sufficiently large momentum range, we have included an estimate of the lower limit
of the integration, taking into account the resolution of the spectrometer. For these
angles, we have also included an estimate of the cross section deduced from the
analysis explained later. Also, in fig. 2, we have included the differential cross section
do/d?q for the aa elastic scattering '). The comparison of these cross sections
illustrates the rapid relative variation of the elastic and inelastic parts of the spectra
presented in fig. 1. It can be seen that the inelastic cross section dominates beyond
q = 0.5 GeV/c. Two striking features of this inclusive itielastic cross section should
be noted: it is independent of the incident energy in the range measured; and it shows
a clear diffraction structure around q =0.45 GeV/c.

4. Global interpretation of the inelastic spectra

Using the Glauber and Matthiae ¢) multiple scattering model, Fujita and Hiifner )
calculated the hadron—-nucleus inclusive cross section and have compared it with our
preliminary results ®) for aa at 4.32 GeV/c. In this calculation no free parameters
are used, the a-projectile is considered to be an elementary particle; and the do/d’g
cross section is expressed as a function of ap, elastic scattering measured at 7 GeV/c¢
[ref. °)] and approximated by a gaussian, exp (—q°/ps), with po =185 MeV/c. The

§ LSRN
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Fig. 2. Inclusive inelastic cross sections do/d?q at 4.32 GeV/¢ and 5.07 GeV/c, q being the transverse
momentum. The symbols are as follows: O and @: integrated spectra of the figs. 1a and 1b without the
elastic peak; A and A: estimates of the lower limit of the integration for the incomplete spectra at large
angles and V and V: estimates for these incomplete spectra based on the cross sections calculated by the
quasielastic scattering analysis; the solid line is the result of the Fujita and Hiifner 7) calculations; [ and
B: aa elastic cross sections at 4.32 GeV/c and 5.07 GeV/c; the dot-dashed line represents the
calculations based on the Czyz and Maximon model 33) for aa elastic scattering at 5.07 GeV/c, with the
same NN interaction parameters used in ref. 1); i.e., scattering amplitude Re/Im ratio & = ~0.37, elastic
scattering slope 8 =2.75 (GeV/c)™? and total cross section o = 39.5 mb.

results of this calculation for the inclusive spectra are shown as a solid line in fig. 2.
This calculation reproduces the order of magnitude and the slope of the inclusive
cross section but fails to reproduce the diffractive structure observed. This failure is
perhaps due to the fact that in this calculation, neither the non-elementary aspect of
the projectile, nor the diffractive behaviour of the ap scattering process '°) is taken
into account. Lastly, in fig. 2, we show the result of the analysis of the inclusive data in
terms of quasielastic scattering on clusters as a dotted line. This analysis will be
discussed in detail in sects. 5 and 6.

5. Analysis of the inelastic spectra

5.1. THE VARIOUS POSSIBLE CONTRIBUTIONS

Various reactions can contribute to the spectra measured, and no one contribution
can be excluded a priori:
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In general, the region measured lies below the production threshold of the pion.
However, for many angles, we studied the region where pion production is possible.
In figs 1 the arrows indicate the threshold of the reaction aa - ap Hm°. No
particular effect is noted in this region.

In the study of the a« elastic scattering ') we looked at possible contributions from
the excitation of the first excited state of “He (20.2 MeV)[ref. 1. Other levels could
contribute to the inelastic bump as has been shown in particular by Haase et al. %) in
the study of the *He(a, «')d, in kinematic conditions that favour the interaction in the
final state and, as Bevelacqua has predicted 3, up to 80 MeV. However, these
authors do not provide information about the importance of these contributions.

Lastly, the collective phenomena reported by Frascaria ezal. '*) at around 50 MeV
in the symmetric systems “°Ca-*°Ca and *>Cu-°>Cu are unlikely for the aa system;
the sare is true for the giant resonances predicted by Liu and Brown '°) for °0-'°0
or heavier systems. In the absence of precise data about these two last contributions,
we have ignored them in this analysis.

Looking carefully at the spectra represented in fig. 1 it will be noted that the
inelastic bumps are centred at momenta which correspond to a-elastic scattering on
“targets” of different masses. This is particularly noticeable in fig. 1a by comparing
the spectra at 5.13° and at 6.59°, where the maximum of the bump appears at a higher
momentum at 6.59° than at 5.13° indicating the presence of at least two 2-body
processes, each varying rapidly with angle. Since substantial probabilities for (p, *H),
(n,*He) and (d, d) structures have been found in other experiments, we were
prompted to analyse our results as a function of these configurations — [the two
structures (p, "H) and (n, °He) that are kinematically indistinguishable in our
experiment will be designated in this paper by (N, *He/*H)]. The “He p—>He n p
break-up reaction with *He or n as spectator that was observed by Glagolev et al. '°)
can be quoted as an example as can the a-fragmentation by hydrogen at 6.85 GeV/c
studied by Berger et al. *). With these data, Bizard and Tekou 17 using a Glauber
model calculated that a 60% probability of (N, *He/>H) was necessary to explain the
results, provided that new particle production and final state interactions are
ignored. The (d, d) configuration has already been put forward to interpret the
experimental results, such as those of Wu ef al. *®). They apply the Serber model *°)
to their measurements of a-projectile fragmentation at T = 140 MeV in the heavy
nucleus field (Ni, Zr, Bi, Th), where they observed an abundant production of
deuterons. Also, at 156 MeV, Frascaria et al. 20), from measurements of the
4He(p, pp)*H and *He(p, pd)d reactions, observed that the relative cross section of
the deuteron is almost one sixth that of tritium. Finally, from a theoretical point of
view, the (d, d) configuration of “He has been discussed by Lim 21y based on a set of
studies using various types of wave functions for “He. His conclusion is that the
probability of this configuration is about 50%. This probability seems particularly
high; but Lim 1y stresses that “*He-n, 3'H—p, and d-d descriptions of “He may not be
orthogonal and in no sense does a large parentage for *He-n, *H-p clusters imply a
small d-d overlap with *He”.
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In the absence of data for the (d, 2N) and (4N) configurations, and in spite of the
fact that these states are conceivable, we have not taken them into account in our
analysis. Double scattering on the two substructures, with subsequent fragmenta-
tion of the «, have been also overlooked. This rescattering effect can nevertheless
become important at higher transfers, as has been noted by Azghirev et al. Y in
dd—>dX at 8.9 GeV/c and by Berger et al. 2425 in ad > a X at 3.98 GeV/c. Lastly,
based on the calculations of Redish et al.*®) for knock-out reactions produced
by protons at energies of 300 MeV, we have assumed that off-shell effects are not
significant for the «-particles at our energies.

5.2. DIFFERENTIAL CROSS SECTIONS FOR a-SCATTERING ON SUBSTRUCTURES
OF THE TARGET

5.2.1. Calculation of the quasielastic spectra. In the analysis of our inelastic data
we have retained only the (N, *He/?H) and (d, d) configurations for the a-target,
with the proportion of the configuration (X, X'), in which X and X' are the conjugate
substructures, being treated as an adjustable parameter yxx. Integration of each
partial spectrum Sxx = (d%a/ d2dps)xx over the momentum ps of the scattered «a,
gives the contribution Cxx = yxx(do/d2)xx of the quasielastic scattering on the
substructure X of the a-target, X' being a spectator. The observed spectra are
interpreted as resulting from an incoherent sum SCxx of the partial spectra. The
shape of the spectra Sxx has been calculated in terms of the Fermi momenta of the
substructures X and X' for each of the two incident momenta P; and for each angle 65
of the scattered «’s studied. Each spectrum Sxx is constructed using the kinematics
of the a-elastic scattering on X, with the following total energy and momentum:

E=Ei“'Ex', (2)

P= P1 + PF 5 (3)
where E, is the total energy of the two a-particles before the reaction, Ex is the
energy of the spectator X' having the Fermi momentum —Pr and P, is the incident
momentum of the a-projectile.

For each configuration (X, X') we used an isotropic momentum distribution @( pg),
such as:

@ (pr) =\ (pr)’ pr, @)

where ¢ (pg) is the Fourier transform of the relative (X, X') wave function. For the
(N, >He/>H) configuration we used the Eckart parametrisation 26y ’

#P) =N exp (~ar)(1—exp (~6r)", 5)

where N is the normalisation constant, « is the separation energy decay constant,
and B and n are real parameters which give good agreement with the results of
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electron scattering on ‘He: a =0.846 fm™%, n =4, B=1.42fm™". For the d, d)
configuration we chose a gaussian representation for the wave function in momen-
tum space:

& (pd)=(m/p3)""* exp (—p¥/2p3), 6)
with po =130 MeV/c, a value which is compatible with the results of Frascaria ef al.
for the reaction “He(p, pd)d [ref. >°)]. This distribution can also be calculated using
statistical models of fragmentation processes *’) that are proposed for the frag-
mentation of heavy ions (**C, **O) on different targets. Similar distributions have
also been observed by Wu ez al.*®) in the fragmentation of a’s at T'=80 and
160 MeV. Variations of £10% on p, have been made in order to test the sensitivity
to the adopted value for po. These variations caused no significant changes in our
results.

In the construction of partial spectra Sxx, account is taken of the fact that X is in
motion. Since the mean value of the Fermi momentum of X is small compared with
the incident momentum of the a- particle, this correction to the final partial spectrum
is always weak and we found practically that the necessary iteration order in the
calculation is equal to or less than three. A gaussian spread is introduced in the
calculation to take into account the spectrometer resolition.

Finally, the absolute values of Cxx are evaluated by fitting the partial spectra to
the observed spectra, using a x° method.

5.2.2. Results of the fit and integrated cross sections. The results of the final
adjustment of the calculated partial spectra to the measured spectra are shown in fig.
1. For both energies and for the whole set of angles the adjustment is generally in
good agreement with the experimental data. For angles beyond 9° lab, where the
measured spectra are incomplete, the quasielastic scattering contribution a N was
normalised so as to follow the angular variation of ap scattering >*%°).

For large angles, the separation between the aa elastic peak and the a-’He/*H
spectrum is less well reproduced by the calculation than for small angles. What is
probably being seen is the effect of double scattering by the incident a on clusters in
the target, whose possible contribution has already been mentioned. In fact, such a
contribution, since it entails the participation of all the nucleons in the « -particle must
be centred at a momentum close to that of the elastically scattered o to within the
fragmentation energy, either 20 MeV for (N, *He/ *H) 'or 24 MeV for (d, d). This
contribution is superimposed on the possible production of the first excited state; and
it is only with better spectrometer resolution and also with measurements at larger
angles that these two effects can perhaps be separated.

Using the integrated values Cxy of the spectra Sxx we obtained the differential
quasielastic cross sections, [yxx (do/df)xx], up to a factor vxx:, for each configura-
tion (X, X') where ¢ is the mean value of the momentum transfer ¢ of the scattered «
for this partial spectrum. The value of the parameter yxx has still to be determined.

In fig. 3 the determined values of [yxx (do/df)xx] are presented, which cor-
respond respectively to a-scattering on a nucleon, a deuteron or a *He /*H cluster in
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Fig. 3. Partial quasielastic differential cross sections do/d¥ at 4.32 GeV/c O and at 5.07 GeV/c &
obtained by the analysis discussed in the text, along with the aa elastic cross sections for the same incident
momenta (] and B&.

the « target, as well as the values of do/d¢ previously determined for aa elastic
scattering Y. For the aN quasielastic scattering we have not shown points beyond 9°,
since the experimental spectra become too incomplete beyond that angle. The errors
shown are uniquely those that result from adjusting the sum of the elementary
contributions to the measured spectra. It should be noted that in this figure the value
of ydo/df was divided by two in the case of the deuterons so as to account for the
existence of two deuterons in the (d, d) configuration of *He. These data do not show
any dependence on the incident energy of the a-particle. On the other hand, in all
cases, we observe a diffractive structure whose minima are situated at f=
~0.28 (GeV/c)?, —0.20/(GeV/c)? and —0.15 (GeV/c)? for aN, ad and a-*He/*H
quasielastic scattering, respectively, and at —0.11 (GeV/c)’ for aa elastic scattering.
These diffractive structures are characteristic of elastic scattering reactions between
light nuclei at these energies.

6. Interpretation of the quasieiastic spectra using the giauber theory

6.1. METHOD USED

In order to interpret the quasiclastic differential cross sections, [ydo/dr],
determined in the analysis described in subsect. 5.2, we compare them to the
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corresponding cross sections for elastic scattering, taking into account the effect
due to the binding energy of the substructures within the target «-particle. This
effect is most obvious at low momentum transfers, for [¢]<0.1 (GeV/c)?, where
the cross section stops increasing exponentially, as can be seen in fig. 3 for the
quasielastic differential cross section aN. This low momentum transfer effect has
already been observed by Glagolev ef al. '°) in the reaction p “He - pn with *He
spectator, for pn quasielastic scattering at 1.4 GeV/c.

We have calculated the quasielastic differential cross sections using the Franco and
Glauber analysis *') originally intended for d-nucleus scattering. According to these
authors, the quasielastic cross section can be expressed uniquely as a function of the
form factor of the a and the elastic cross sections on the substructures of the
a-target; in this case, as is usual in the impulse approximation, double scattering
effects are ignored.

(a) The form factor: to simplify calculations, the wave functions are assumed to be

harmonic oscillator wave functions. The «-form factor can be approximated by the
gaussian:

5(q)=exp (—q°B?), (7

q being the transverse momentum (q = v :—t) and B = R/2#c, the relation of R to the
mean square radius of the nucleus is:

RZ=%7%. (8)

For the a-form factor we have used the value R = 1.367 fm. This corresponds to
(7Y% = 1,674 fm and is based on the result of Sick et al. *%), which reproduces the
Lim function at low transfers >°).

(B) The elastic cross sections: due to lack of sufficient experimental data at the
energies studied, we have calculated the elastic cross sections aN, «d and a-*He/’H
on the basis of the Czyz and Maximon model **) which applies the Glauber formalism
to nucleus-nucleus collisions. This model has aiready been used to describe the
result of aa elastic scattering cross sections obtained in the same experiment, ref. D)
and fig. 2. It correctly accounts for the aa elastic scattering data up to the second
minimum. This model also provides good fits for ap and ad elastic scattering results
in the same energy region and for the same momentum transfers as the present data.
This can be seen in fig 4 where the results of Klem et al., for pa elasticscattering *) at
560 MeV and those of Aslanides et al. *°) at 650 MeV (respectively, p = 4.64 and
5.08 GeV/c for the equivalent ap elastic scattering) as well as the results for ad
elastic scattering at 3.98 GeV/c [ref. > °)] are fitted by the Czyz and Maximon
reaction model. It should be remembered that the Czyz'and Maximon model is very
dependent on nucleon-nucleon interaction parameters, which vary rapidly in our
energy domain. The values chosen to describe our results at 4.32 GeV/c and at
5.07 GeV/c are taken from recent experimental results and are those used to
describe aa elastic scattering at the same energies ). In this model the wave



438 J.Dufloetal. | a+a-»a+X

E ; T T T T T T T
I ]
“
10 % ]
=l 3
= 3 3
- +‘ 4 .
NS e 7
L L i
T+ \ % g, PO P =
o~ = en®” % 3
3 c \ kx4 . 4,
3 4
Q L . 4
E L i At -
€ .
~ N
+ 1‘:“ ! /T LN =
L E 3
L ~
5 r a
r od ——pexd -
10 |
g b :
L r
10’2 i } 1 | i | A 4
o] .2 o< .6 B
-t (Gewie?

Fig. 4. Differential cross sections for pa elastic scattering at Tp=560MeV, O: ref. *%), and at T, =
650 MeV, @: ref. 39, corresponding to « N elastic scattering.at P, equal to 4.64 GeV/c and 5.07 GeV/c,
respectively. The dashed curve presents the calculation based on the Czyz and Maximon model with NN
parameters at 5.07 GeV/c, as used in ref. !y and fig. 2. Differential cross sections for ad elastic scattering
at 3.98 GeV/c incident momentum, B, ref. 24’25); the dot-dashed curve presents the Czyz and Maximon
calculations with Rq=1.45fm and the NN parameters a = 0.27, 8 =0.86 (GeV/c)“z, and o =30 mb.

functions are also harmonic oscillator wave functions. They come into the calculation
in the form of a nuclear density dependent on the parameter R, already defined:

p(r)=(m/R 2)3/2 exp (=*/R 3. 9)

In the case of the ad elastic scattering R4 was adjusted to reproduce the Hulthén
function °). In this case the relation (8) is not correct since (F3)/*=2.28 fm and
R =1.451fm.

6.2. COMPARISON OF THE CALCULATION TO OUR RESULTS

The do/d7 cross sections determined from the analysis described in subsect. 5.2
and the results of the calculations are compared in figs 5-7. When the value of R
discussed in subsect. 6.1 corresponding to that of the free nucleus is taken for the
substructure *He, >H or d, it is observed that the position of the diffraction minimum
for measured quasielastic cross sections is in the experimental angular distribution at
a higher momentum transfer than that of the calculated angular distribution. In order
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Fig. 5. Comparison of the qua51elast1c cross sections a- He/ H with calculations at 5.07 GeV/c based on
the Franco and Glauber yand Czyz and Maximon *?) models. The NN parameters are the same as those
used in fig. 2 and ref. *). The other parameters used in the calculations are as follows: normalisation factor
v3=0.55; R, (related to the mean square radius of the cluster): dot-dashed line: calculation for the elastic
scattering a ~>He/>H with Rj3=1fm; solid line: quasielastic scattering with Ry =1 fm; dashed lme
quasielastic scattering with R = 1.4 fm, the value- -corresponding to that of the free nucleus *He or “H.
Calculations at 4.32 GeV/c which have a similar behaviour to those at 5.07 Ge' V/c are not shown.

to correctly reproduce the diffractive behaviour observed, the radius of the sub-
structure within the « was varied in the calculated angular distributions. Within the
limit of our errors, these calculations best reproduce the positions of the minimum
and the maximum for the experimental angular distributions with the values:

R3=1+0.11fm for the substructures with 3 nucleons ((+3)/?=1.2 fm) and

R5=0.8+0.1 fm for the substructures with two nucleons (7 2 =1 fm).

To calculate the « binding energy, Sofianos et al. **) use a distorted wave function
for the deuteron of the same radius.

The normalisation factor y has been deduced from the curves shown in figs 5-7.
The ratio of the calculations to the measurements is approximately constant in the
region of -t <0.6 (GeV/c)*. For higher momentum transfers where this is no longer
true, we have already observed that the Czyz and Maximon model, when applied to
our data for aa elastic scattering, predicts a significantly smaller cross section than
the values measured. However, it should be noted that double scatterin g phenomena
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Fig. 6. Comparison between cross sections and calculations similar to that in fig. 5, but for quasielastic ad

scattering. The following parameters are used in these calculations: normalisation factor v, =0.45;

dot-dashed line: ¢lastic scattering with R, = 0.8 fm; solid line: quasielastic scattering with R, = 0.8 fm;

short dashes: quasielastic scattering with R, =1.45fm, the value corresponding to that of the free

deuteron. Calculations at 4.32 GeV/c which have a similar behaviour to those at 5.07 GeV/c¢ are not
shown.

can be important at these higher momentum transfers, contributing in a non-
negligible way not only to the elastic peak but also to the inelastic spectrum for
*He/*H or d scattering, on the structures (N, >He/>H) and (d, d). The normalisation
factors vary little between 4.32 GeV/c and 5.07 GeV/c¢. For ad quasielastic scatter-
ing y,=0.45; and for a-He/*H, v3==0.55. These ratios are compatible with the
ratio proposed by Bizard and Tekou '”) for (N, *He/*H) and with the probability
calculated by Lim 21 for (d, d).

For a N scattering, the normalisation factor vy; is close to or somewhat larger than
one. This result cannot be explained as resulting solely from scattering on
(N, *He/*H); other contributions must be considered. This excessive cross section -
can be produced principally by a knock-out reaction on a deuteron or a *He/*H from
the a-target, by interactions in the final state, or even by something like d*
production. It can also result from other possible structures of the a: (2N, d) and
(4N). From our measurements we cannot exclude the possibility that the contribu-
tion attributed to the structure (d, d).is partly due to a (d, 2N) structure which, if it
exists, will also contribute to the inelastic spectrum by a-scattering on one of the
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Fig. 7. Comparison between cross sections and calculations similar to that in figs. 5 and 6, but for

quasielastic aN scattering. Normalisation factor y; =1 dot-dashed line: elastic scattering; solid line:

quasielastic scattering. Calculations at 4.32 GeV/c which have a similar behaviour to those at 5.07 GeV/c
are not shown.

nucleons, the other nucleon and the deuteron being spectators. We also did an
analysis of our results based on the arbitrary supposition that the (d, 2N) contribution
was equal to that of the (d, d). This contribution, while it does not change the position
of the minima and maxima, does account for the excessive aN cross section
observed. However, given the lack of measurements at low momenta, especially at
large angles, where the &N spectra with *He/*H spectator and the a N spectra with
(d+N) spectators ought to separate, and in view of the absence of data for (d, 2N)
and (4N) structures, we can provide no definite conclusions on the possible role of
these structures.

The differential cross section do/ dzq obtained by adding the quasielastic spectra
that describe the interactions a-"He/ H, ad and aN (figs. 5-7) are shown in fig. 2.
The diffraction-like structure that we observed around q =0.45 GeV/c is clearly
shown.

6.3. CONSISTENCY OF THE PARAMETERS USED IN THIS ANALYSIS

In the interpretation of our experimental data in terms of quasielastic scattering,
several parameters have been introduced which are not in fact independent. When
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using gaussian wave functions the nuclear radii are linked to the parameter p, of the
Fermi momentum distribution (form.(6)) by the relation:

po=hc/2R, 9)

which gives po = 125 MeV/¢ for the (d, d) structure a value close to that accepted to
describe the quasielastic spectra (d°c/dQ dp)y for ad. Similarly for the *He/’H
substructure po = 100 MeV/¢, a value for which the Lim distribution *Yina gaussian
form can easily be fitted.

This same interdependence is equally true of the factors used to normalize the
curves calculated in the framework of the Glauber theory with the quasielastic cross
sections do/d%. In each case a spectroscopic factor can be worked out based on the
same radii of the substructures as used in the Glauber calculations, by calculating the
overlap wave function. Taking the & wave function to be

4 »
¢a=T1 (1/mR2)** exp (—r}/2R2), (10)
j=1
and for *He/*H
3
¢s= 11 (1/7R3)** exp (—ri/2R3), (11
i=1

the overlap wave function is

é(r) = J' b3pa ra &1 &1y (12)

and the spectroscopic factor can be written:

vs=[ 160F d*r = [2RRs/(RE+ RDP. (13)

With R, =1.367 fm and R3 =1 fm, it is found that y;=0.6.
A similar calculation for the 2-nucleon substructure with R, = 0.8 fm gives:

¥, =[2R.Ra4/(R%+R31P=0.45 . (14)

The spectroscopic factors calculated in this way are thus compatible with the
normalisation factors we determined from our experimental data.

7. Conclusion

We have shown that & + a - a + X inelastic scattering data can be described as the
incoherent sum of the quasielastic scattering of the a-projectile on (N, *He/’H) and
(d, d) structures in the a-target, provided other contributions are included to take
into account the excessive a N cross section. The quasielastic scattering cross sections
obtained from these data show the same diffractive structure as the corresponding
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elastic cross sections. These quasielastic scattering cross sections can be fitted by
calculations in the framework of the Glauber formalism provided that radii much
inferior to those of the corresponding free nuclei are taken for the 2 and 3 nucleons
substructures. A priori this is satisfactory since the radii of the free *He, >H and d are
greater than that of the “He. The compatibility between the various parameters
introduced in this analysis should be stressed: in the gaussian representation of the
wave functions used in the present work all of these — probability density, Fermi
momentum distribution, and normalisation factor of each substructure — are
defined by the same parameter R.

In future measurements with better resolution and a larger range of momentum
transfer, it should be possible to determine whether the excitation of excited states in
the & contributes significantly to the experimental spectra, to separate the double
scattering contribution, and perhaps to explain the behaviour of the @ N spectrum.
Also, for measurements at higher energies, since the distortions of the wave
functions are smaller and the approximations in the Glauber formalism are more
valid, the comparison of the experimental measurements with the calculations of
quasielastic scattering of the incident on the 2 and 3 nucleon substructures within the
a should be more valid. Finally small-angle measurements would allow us to check
our analysis in the domain of low momentum transfer and to measure the total
quasielastic cross sections.

We acknowledge Dr F. Plouin for an important contribution to this work. We wish
to thank Drs M. Chemtob, R. Frascaria, G. V. Gial, R. J. Glauber, A. S. Goldhaber,
J. Hiifner, B. Marini, A. Tékou and C. Whitten, for stimulating discussions. We
thank also M. P. Guillouet and M. G. Simonneau for their technical support.
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