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ABSTRACT 

Recent interest in (n,x) reactions in the MeV and above range of energies is 
concentrated on two main subjects ; the mechanism of nucléon emission.(precompound 
in particular) and the possible role of clustering in the emission of complex par
ticles. Hence the first two sections of this paper will be devoted to these two 
subjects. In the last section we shall briefly deal with some other subjects that 
have recently emerged in the field. 

THE MECHANISM OF (n.p) REACTIONS 

It has been known for some time that the statistical model in its simple form 
war unable to account in detail for the single nucléon emission following fast neu
tron bombardment of nuclei. The discrepancy between model and experiment was more 
severe for proton then for neutron emission as illustrated in fig. 1 : The experimen
tal points lie at least an order of magnitude higher than the calculated ones. It is 
thus clear that the evaporation process can account for only a small part of the 
(n,p) total cross section. This part becomes negligible as the atomic mass (and 
charge) increase. We can understand this trend by keeping in mind that particles 
omitted by the evaporation process will have an average energy of the order of the 
nuclear temperature fa 1 JleV) ; the penetrability of such particles through the 
Coulomb barrier in heavy nuclei is negligible. Hence the small calculated o(n,p)/ 
o(n,n') ratio, in order to bring this ratio in accord with experiment we have to 
device a mechanism that favours the emission of higher energy particles; the pre
compound process provides such a mechanism. 

In the cloaed form expression developed by the Rochester (2,3) and Milano (1) 
groups the absolute cross section for precompound emission of nucléons integrated 
over the solid angle is given by (1) 
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where s s 1/2 is the nucléon spin, m is the nucléon mass, o r is the optical model 
reaction (nonelastic) cross section for neutrons of energy EQ, e and Oi n v(e) are, 
respectively, the kinetic energy of the emitted nucléons and the corresponding 
inverse cross section, E is the excitation energy of the compound nucleus, U that 
of the residual nucleus and g is the average single particle spacing in the Fermi 
gas model. The factor 2/3 in the formula comes from charge conservation (protons 
and neutrons) in the nucleus. . ^ . ^ .„ .„_ A. 

A stage in the equilibration pro
cess is characterized by the number 
n of excitons (particles and holes); 

The transition between sta
tes with n differing by An= 2 (sum
mation over n in steps of 2 from 
no "3 to H) is determined by the two 
body transition matrix element M, 
whose square |M| 2 enters directly 
into the formula. 

Although criticisms and objec
tions stemming from various sources 
can be fonmil^ed as to the validy 
of the expression (1), the essen
tial features of the physics of the 
process appear clearly from the dis
cussion of this expression. We find 
that the cross section for the emis
sion of particles of a given energy 
c is a sum of several terms, each 
of them representing a stage in the 
equilibration process .As l? < E, the 
contribution of the consecutive 
terms decreases. In fact, for higher 
energy particles (e large hence U 
small) the contributions of all the 
terms but the first one (no« 3 ) are 
negligible. This is physically 
understandable : the emission of 
high energy particles occurs in the 
very early stages of the equilibra
tion process. This fact is respon
sible for the preponderance of the 
precompound mechanism in the (n,p) 
reaction (as opposed to (n,n'j): 
due to the Coulomb barrier, only high 
energy protons can leave the nucleus; 
these protons can be produced only 
in processes preceding the compound 
nucleus equilibration. 
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Fig. I I'tot of expérimentât (x) and calcula* 
ted (•) ratioe between a(n,p) and 
t>(n,n') ,m a function of maee number 
for 100': A •• MO, The calculated 
oa/urit hh'rr obtained using a conven-
Uoiuil lUitt t'aticul evaporation model 
(from re.f, J). 

A few samples of the need for 
preequilibrium processes in (n,p) 
reactions at MeV energies are shown 
in Figs. 2-1». We see that both the 
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energy spectrum and the excitation function for a typical nuclear system (Csl) as 
well ar. a set of 75 (n,p) totil cross sections for medium and heavy nuclei are fit
ted with a calculation based on the expression (1). It should be pointed out that 
the scatter of the ratio points in fig. 1» is of the order of the real experimental 
errors and need not mean a discrepancy between the used precompound model and ex
periment . 

• The reader has certainly noticed 
that we have restricted our analysis 
to medium and heavy nuclei. For ligh
ter nuclei, the cutting of the 
Coulomb barrier is less severe, and 
lover energy protons may be emitted 
too. Thus the contribution of the 
compound emission is not negligible 
and ve have to add it to the pre
compound contribution. This addition, 
although in principle straightforward, 
presents some problems when it comes 
to its carrying into effect. 

Haively represented, the pre
compound processes are the first sta
ges of a development leading to fi
nal équilibration, i.e. to the com
pound nucleus formation. The com
pound nucleus should then be the ma
ny exciton state where the total 
energy is shared among many parti
cles and many holes. It is obvious, 
however, that representations of the 
equilibration process like that giv
en by the expression (1) do not 
describe this situation. As we have 
already seen, the contribution of 
stages with large values of n (number 
of excitons), as given by expression 
(1), drops off very sharply and shuts 
off the precompound contribution at 
a very early stage. It is true that 
this contribution can be calculated 
using more sophisticated expressions, 
but the common usage is to fit the 
physical data (e.g. angle integrated 
particle spectra) by an uncoherent 
sum of a precompound and a scaled 
compound comportent : 

fig. 2 The spectrum of protons emitted by 
21.5 MeV bombardment of CsT. The solid 
line represents the precompound emis
sion calculated by means of formula 
(1) (relative units); (from ref. 1). 
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Fig. 6 The excitation function of the (n,p) 
reaction on Csl calculated from the 
expression (1) (relative units) ; 
(from ref. V. 
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\ de /exp °pc ( c ) + R ° c ( c ) ( 2 ) 

Such combinations with plausible 
values of R have succeeded in giv-



ing reasonable fits to experimental data. Their physical basis remains, however, 
rather questionable. An obvious criticism concerns the ingredients of the compound 
nucleus cross section o c(c) : vhat are the values of the inverse cross sections to 
be used ? Certainly not the o r(e) « o ne(c) obtained from the optical model, as one 
part of the total flux has already been taken into account by the preequilibrium 
process. 

Î 
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Pig. 4 A global fit to 75 (n,p) total arose eeotione around 14 MeV for nuclei with 
A > 100. The calculation gave absolute values once the value of JM|2 was 
empirically determined (from ref. 1). 

A way out is to follow the evolution of the composite nucleus towards equili
brium as a function of time by solving a set of coupled equations, the so called 
master equations. These equations describe the oscillations of a system near equi
librium ; applied to precompoimd processes (5) they describe the transition from a 
rtage with n excitons to stages with (n-2) and (n+2) excitons respectively 
(including a finite particle emission probability). In the work of Cline (6) and 
Ittnnn (7) these equations are,solved numerically by the method of finite differ
ences und a cet of curves describing the time evolution of the emitted cross sec-
i.ions; cur» be obtained. Fig. 5 shows that most of the precompound emission takes 
pLaoe \i>ry early in the reaction (according to ref. Ut after about 2000 iterations, 
corresponding to about 2 x 10" 2 0s), while the emission of the total particle spec
trum (full reaction cross section exhausted) takes an estimated time of about 
l.'> x 10"^s. In this picture the reaction process divides naturally into two 
ports : the j -ecompound part emitted very early in the reaction and the compound 
nucleus part which grows in a very much longer tine scale (U). 

It is fair to say that precompound emission is not the only mechanism that 
provides higher energy particles in the spectrum. Arndt and Reif (8) have suggested 



that the higher energy part of the spectrum should originate from direct reactions 
leading to states in nuclei at high energy of excitation. Their calculation is 
performed using DWBA with form factors computed from a microscopic 1 particle -
1 hole description of collective states in even-even nuclei up to about 7 MeV. 
Although calculations cf (n,p) spectra are not available, 1U MeV (n.n') spectra 
calculated by this method show fair agreement with experiment. For ^°Ca(n,n') the 
agreement with experiment is somewhat better then when using the geometry dependent 
hybrid model (Fig. 6). 

Summarizing the present status of our knowledge of the (n,p) reaction mech
anism we can say that there i.e little doubt that for nuclei with A > 100 the non-
compound emission is preponderant. The various preequilibrium models give a sat
isfactory overall description of the experimental data; this description, moreover, 
fits with the overall description of other neutron induced reactions. It is, however, 
fair to say that there exist also other ways by which these data can be accounted 
for. 

THE EMISSION OF ALPHA PARTICLES 

This is a long -standing problem in nuclear physics. It is known that nuclei, 
when bombarded by energetic projectiles, emit many more alpha particles then pre-
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Fig. S Ri'.mlts of coupled chan
nel calculations for a 
system with A - 100 and 
24 MeV excitation. The 
numbers next to the 
curves indicate the 
number of elapsed time 
increments (1 time incre
ment * 10"23s); (from 
ref. 4). 

Fig. 6 Comparison of experimental (lull curve) 
and calculated spectra for ™Ca (n,n') 
at 90° for 14 MeV neutrons. GUM stands 
for calculations using the geometry 
dependent hybrid model ; DWBA stands 
for DWBA calculations to excited states 
in nuclei (from ref. 8). 



dieted by pure statistical considerations. We like to think of this problem in 
terms of alpha particle sub-structures, called, at times, by musically sounding 
names* . A new zest to these considerations vas added by the discovery of peculiar 
resonances in the continuum near the particle emission threshold observed in slow 
neutron induced (n,o) reactions (9). In this paper ve shall, hovever, restrict 
ourselves to (n,a) reactions in the MeV bombarding energy region. 

The (n,a) cross section systematics at lU MeV has been reviewed several years 
ago (10). This systematics showed that while compound nucleus emission vas able to 
account for the total cross sections for nuclei with mass number A between roughly 
20 and 80, it failed completely to account for the alpha emission in heavy nuclei, 
the difference vith experiment reaching orders of magnitude around A * 200. It thus 
became soon visible that mechanisms other then compo'vJid nucleus formation are pre
sent in tVe emission of alpha particles. 

The precompound emission of alpha particles vas first studied in terms of the 
Griffin exciton model (5). Two approaches could be distinguished. The first of then 
vas based on the assumption that the alpha particle is preformed in a target nucleus 
and may be represented by a single exciton (11). The second approach assumed that a 
complex particle, represented by a number of excitons equal to its mass number, is 
formed from the excited nucléons of the composite nucleus (12). While the former 
approach vas applied to a more extensive set of "\k NeV (n,a) data, the latter ap
proach had the advantage that it could be applied to the emission of any type of 
complex particles. 

A third, independent, approach to the (n,a) emission in heavy nuclei was sug
gested by the Warsaw (13) and Zagreb (lU)groups. This approach is based on the ob
servation that similarities exist between some ^k MeV (n,o) spectra and the corre
sponding single neutron level densities. To explain these similarities, it was as
sumed that the knock-out mechanism, proceeding by the ejection of an alpha cluster 
from the surface, is followed by the capture of a neutron by the remaining (usual
ly unperturbed) core (13). The neutron fills up the single particle states of the 
core. Accordingly, the alpha particle spectrum should show a predominant excitation 
of single neutron states in the final nucleus. This model is somewhat simpler than 
tro one developed by Milazzo-Colli et al. (11) but the physical bases of the two 
models are quite similar. 

The controversy is centered here around the so called preformation factor of 
•romplox particles in nuclei. Do complex structures exist in a prefabricated state 
in excited nuclei ? If so, where and to what extend could they be found in 
inn*loi V And what kind of states are excited in nuclei by the emission of complex 
part, ie lor. ï 

Lot. UH first analyze the answers given in the frame of the precompound models. 
Tno method used by the Milano (11) and Zagreb (15) groups gives the energy spectrum 
of alpha particles emitted by the precompound process in the following closed form : 

Quartets, for the non initiated. 
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The meaning of the physical quantities is the same as in expression (1) except for 
the coefficients K^ and 4. The value Kg «* K S ^ is the percentage of states contain
ing an excited a-particle and an"a-particle1' hole in the state assembly correspon
ding to p + h * n excitons (K* x p n is the level density of the particular Kind of 
states obtained by the excitation of an a cluster). The values KJ{ « K2 ̂  correct 
for charge conservation. 

Once the values of Kj and Kj are calculated (11) the essential free parameter 
in the expression (3) is the probability 4 that the incoming neutron will strike 
on alpha cluster preformed in the nucleus. Leaving aside some difficulties in choo
sing appropriate values of |M| 2 and gg (around closed shells for the latter), it is 
a fact that expression (3) fits a number of energy spectra and excitation functions 
of (n,a) reactions (Fig. 7). 

Crucial to this analysis is the value of the preformation factor 4- The A de
pendence of this factor is shown in fig. 8. The values of 4 vary from 0.1 to 0.8 
showing a wide fluctuation around A » 150. 

It is difficult to attribute a realistic physical meaning to this parameter» 
a» it is hard to believe that preformed alpha clusters occur in nuclei at such a 
high rate. Other nuclear phenomena suggest a much lower rate (if any) of alpha 
clusters in nuclei. It is, however, fair to say that in a subsequent analysis 
Milazzo-Colli et al. (l6) have obtained consistent values of 4 by a combined anal
ysis o^ radioactive alpha decay and (p,a) and (n,a) reactions. 

The model used by Kalbach - Cline (17) to account for the precompound erais-
:•.lui of complex particles is an extension of the Griffin's model (5) that does not 
contain an explicit preformation factor. Rather, an empirical factor equal to the 
factorial of the mass number of the emitted particle has been introduced into the 
rate expressions for particle emission. The value of all parameters have, however, 
t>ecn fixed in order to fit proton emission spectra and the model was then applied 
to complex particle emission. Quite satisfactory fits were obtained for (p,a) 
i-.peetrn but the model was not (to our knowledge) applied to (n,a) reactions. 

Tin- approach of Otrloxinsky (18) is midway between the two ; for its absence 
• •t' nu empirical preformation factor it follows,however, the more general pattern 
> r rei\ (17). Its precompound basis is the Blann's hybrid model (2) rather then 
the GriiTin't: exciton model (as inref.(17) or in the earlier work of Bibansky and 
oiiiosinr.ki (19)) . In this model the probability Px(e)de to emit a nucléon x in the 
energy channel c, c + dc. is given by : 
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Réf. 7 Energy epectra of Xe(nta) at 
different neutron energies 
compared with the predictions 
for evaporation and a preformed 
precompound emxssxon. 
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where S is the binding energy of *he nucléon and E the excitation energy of the 
composite nucleus.. The value p x denotes the number of nucléons of type x present in 
the state with n * p • h nucléons ; p is the intermediate density of states. 

The structure of expression (1») is quite s*~:J.ghtforward. The first set of 
square brackets represents the probability to find a nucléon of the required type 
and energy in a p-particle, h-hole state ; the second set of brackets contains the 
probability that the excited particle of interest will decay into the continuum at 
the rate A* before it interacts internally at the rate A* to give a (n + 2) exci-
ton state. D n is the depletion factor representing the fraction of the initial 
population surviving the excitation by particle emission prior to the formation of 
the considered n-exciton state. Oblozinski (l8) has modified the above expression 
to derive the probability Pg(e)de of emitting a complex particle 8 formed from p» 
excited nucléons in the energy channel e, c + de : 

P e(e)dc = I R (p) » V h * Pp f 0 ( B f t + e)de 
n s n o I 0„>,<E> V *o 

An« + 2 
p P.n ' 

(5) 

0, yg(0 
Vc ( c ) + V î ( c ) * ( 1 - V ( * ï ( e ) * x ï ( e , î -
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It is rather instructive to compare the expressions (U) and (5) . Whfie their 
structure is identical, changes occur in the foia of the two square bracKets. The 
factor Rg(p) in the first is a simple combinational correction, introduced already 
by Kalboch - Cline (17) , which assures the right combination of neutrons and pro-
tony to form the outgoing complex particle 6. The main modification is in the 
second square bracket, where a factorY 8 vas introduced. This factor gives the frac
tion of time that a given configuration of p nucléons can be treated as a complex 
p.- rticle 0. Hence Yg < 1. 

Let us now discuss this factor more in detail. A introduced in ref. (l8),this 
factor is an adjustable parameter. The usual procedure is to adjust all the other 
parameters of expression (5) to fit nucléon emission with Yg • 1 (i° which case 
expression (5) bcomes identical with expression (U))and then to chose Yg in such a 
way ay to fit experimental (n,o) and (p,o) spectra. 

Kitf. •> r.howr, the fits to the 9 3Nb(n,a) spectrum at 1U.2 MeV obtained with var-
i..u:-. mi-tiuKii;. The dotted curve represents a conventional equilibrium calculation, 
i tu- uni.iii curve in the precompound calculation obtained using the expression (3), 
••••I'. (II) ami the dashed curve is the precompound calculation obtained using the 
• •x pro»:; ion («>), ref. (iH). The values of <f> (ref. 11) and Ya (ref. 18) were, re-
.".pcetively 0.17 and 0.001';. The evaporation component (lotted curve) should, nor
mally, bo added to the two calculations. The dashed-dotted curve Is the result of 
»i complete equilibration calculation by Bersillon and Paugêre (20) following the 
method of Kalbach-Cline (17) with no adjustable parameter included. These calcu
lations were performed by solving the set of master equations (5) with particle emis
sion included ; for the latter, the probability wg(p,h,e) for emitting a complex 



particle 6 with energy t from a state with n = p • h excitons given by Kalbach -
Cline were taken (see eqs. (1) and (6) of ref. IT). These expressions do not con
tain any adjustable A - dependent preformation factor. Rather, they contain a uni-
gue factor p y ! ( = k ! for alpha particles) which corrects empirically for the 
emission of complex particles. The calculation of Faugere and Bersillon .(20) used 
parameters fixed by fitting the 1U.U MeV neutron spectrum of °3îfb(g • -rj , |M| 2 « 
;?0 keV2 ) ; once these parameters were fixed and p g ! taken as 2k, no other parame
ter was introduced to fit the alpha spectrum. Although the calculated values over
estimate the experiment (p^ ! appears to be too large a correction factor), the 
shape of the alpha 'spectrum is reasonably reproduced (see fig. 9)« 

What information about the alpha clustering probability in nuclei can be ex
tracted from the above calculations ? Although values of the factors 4> and Y a can 
not be directly compared, their physical meaning should not be very dissimilar, as 
seen from expressions (3) and (5). In this context it is worth noting that the 
method of Oblozinsky (18) based on the hybrid model (2),requires a much smaller va
lue of the "preformation" (or whatever it is) factor then the method of Milazzo-
Colli (11) Dased on the exciton model (5). In view of the relative consistency of 
the values of <t> extracted from different kinds of experiments (16), it may be argued 
that the somewhat unrealistic values of 4 needed in ref. (11) are a consequence of 
a deficiency of the basic precompound model used. The large values of I would then 
implicitly cover this deficiency. We know, on the other hand, that the exciton model 
in its various versions was quite successful in fitting nucléon spectra (U) ; more
over the results of ref .(20) show that this model can qualitatively account for the 
emission of alpha particles without an A - dependent preformation factor. All the 

models, however, require for the alpha par
ticle an empirical emission probability 
larger then the one based on considerations 
of pure statistics. 

Concluding this section, ve should 
briefly present the recent results of the 
Warsaw group on the direct knock out of al
pha clusters. Glowacka et al. (21) have 
refined the arguments outlined earlier in 
this section, by the use of the Shapiro's 
dispersion theory. Their method can be 
summarized as follows : A direct reaction 
excites by definition a small number of 
degrees of freedom ; thus the removal of 
a group of nucléons becomes feasible. In 
contrario, the excitation on many degreen 
of freedom would mean sharing the energy 
among many nucléons and "group emission" 
would be negligible. In their formalism 

Fig. 9 The experimental spectrum of 
MNb(nsa) at 14.2 MeV and the fits 
obtained with an evaporational for
mula (dotted curve), with the pre
compound expressions (3) (solid 
curve) and (S) (dashed curve) and 
from ref, (20) (dashed-dotted 
curve). 
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Glowacka et a l . (21) assume that the amplitude of a direct reaction is described 
by a set of nonrelativistic Feynman diagrams ; for a (n,o) reaction» experimental 
considerations restrict the choice to a single triangular diagram describing the 
knock out of an alpha particle from the target nucleus. There again the reduced 
width for the dissociation of the target nucleus T into ( T - a) and a appears as 
an adjustable parameter. The results of a calculation of spectra of ^lEutn.cO^opm 
and 1o9Tta(n,a)l66Ho at 18.15 MeV are shown in Pig. 10 (solid lines) together with 
the results cf a precompound calculation using the formulas of ref. (22) (dotted 
l ines ) . While the precompound calculation reproduces the average pattern of the 
spectra, the use of the dispersion theory introduces structure in the calculated 
spectra. Indeed, experimental spectra show considerable structure, but it ?s not 
obvious that the calculated structure i s always correlated with the observed one. 
On the other hand, the dispersion theory calculations predict adequate angular d is 
tributions ; the existing precompound calculations do not give aagular information 

on the emission of complex particles. 

Summarizing this section, i t i s my impression that we have not yet understood 
the mechanism of (n,a) reactions on heavy nuclei . Hone of the existing models i s 
able to account fcr the relatively large number of particles emitted following the 
neutron bombardment of nuclei without introducing some sort of more or l ess j u s t i 
fied empirical multiplying factor. The hypothesis of the abundant presence of a l 
pha clusters on the nuclear surface is an attractive one ; we should, however be 
able to understand it starting from first principles. For the moment, we are not. 

E?(MtV> E^IMtVl 

Fig. 10 Comparison of the angle integrated experimental epeotra of Eu(n,a) Pm 
(loft) and W>dTm{n,<i)ls$Ho (right) with preequilibrium calculations(daehed 
curler.) and the dispersion theory calculations of ref. (21) (solid curves). 
The light dotted curves represent (clearly inadequate) evaporation calcu
lations (from rcf. 21). 
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NEW LINES OF INVESTIGATION 

Ve shall now deal with two separate problems which are mutually connected only 
by the role of th. isospin quantum number and by the fact that they represent new 
and somewhat unusual lines of investigation in fast neutron induced reaction studies. 

Igogpi "^Conservation 

Nature has ordered nuclear levels in such a way that the lowest lying states 
will be those of the lowest possible isospin. Thus in a nucleus with a neutron ex
cess the lowest states will have the isospin of the ground state (i.e. T * T z = 
(N - Z)/2), while at some higher excitation energies a set of states with one addi
tional unit of isospin, the so called T> states will appear. Owing to this fact, at 
moderate excitation energies more T< states will, in general, be available then T> 
states. Now, in proton induced reactions on a target with isospin T 0 the fractions 
of states with T< and T> formed in the intermediate nucleus are, respectively, 
2 T 0/(2 T 0 + l) and 1/(2 T 0 + 1). As, normally, T 0 » 1, many more T< states are 
former»'. On the other hand in a neutron induced reaction, only T< states are formed. 

Kalbr.ch - Cline et al. (23) have discussed this problem and, in particular, the 
question to what extent is the isospin conserved as a good quantum number. If the 
isospin is mixed and all composite states are populated with an equal probability, 
the decay pattern for proton and neutron induced reactions will be identical and cha
racteristic of the more abundant T< states. If, en the contrary, isospin is conser
ved, there is a chance to observe the T> decay. Proton and neutron emission spectra 
will be different for neutron and for proton induced reactions respectively. An in
teresting suggestion {k) will be, e.g. to compare (n,p) and (p,p') spectre on an 
isotopic chain. In reactions at moderate energies ( E e x c *v 20 MeV) where precompound 
procenses are important, the rate of emission of protons from a neutron rich nucleus 
like I20sn to the T< states decreases rapidly in the course of the equilibration pro
cess. Thus, while most of the T< cross section involves equilibrium particle emission, 
essentially none of the T> cross section survives the equilibration process (b,23). 
The prcequilibrium component would, thus, be richer in T> states then the equilibrium 
component. While comparison between calculations and experiment were made *or (p,p') 
upectru (23), it would be interesting to extend such a comparison to (n,p) specxra 
too (!»). 

Aurt.her example or a new line of investigation is the recent report by Brady et al.(2li) 
ui" the excitation of the tfiant dipole resonance analogs via the (n,p) reaction. The 
(ri,p) reaction produces a change of AT Z » AT • + 1 in target nuclei with N > Z; thus 
wc expect it to excite only analogs of T> states of the target. For the 2'Al(n,p) 2Vg 
reaction ntudied by Brady et al., these are the isobaric analogs of the T> (T • 3/2) 
componentv, of the giant dipole resonance in 2^AX. Pig. 11 shows the 15.5° lab. spec
trum of ??Al(n,p)27Mg at 56.1 MeV together with the *7Al(p,p») spectrum for 6l.5MeV 
incident protonc. The excitation energy scales were adjusted for the Coulomb energy 
and (n,p) muse differences between 2 7 M g and 2?A1 (6.9 MeV) ; the peaks around lU.i» 
McV in 'ÏMg and r-i.'-t MeV in 27AI correspond to each other rather well. They are also 
aligned to the photoneutron and total photonuclear cross section peak positions (see 
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In addition to the major component of the giant dipole resonance analog at 
U.l» MeV Brady et al. report tvo other peaks in the spectrum, visible around,res
pectively, 10 and 6 MeV of excitation in 27Mg. The first (at * 10 MeV) may corres-

— — — pond to a splitting of the T> dipole 
resonance into a major( ib.b MeV} and a 
smaller (10 MeV) component. Ine inten
sity ratio oi the two components is not 
inconsistent with the predictions of 
the hydrodynamic model of the giant di
pole resonance (predicted ratio * 2.5). 
Using the same model to estimate the 
intrinsic quadrupole moment QQ of the 
2 7 M ground state from the ratio of the 
excitation energies in ̂ Al correspon
ding to these tvo components, Brady et 
f>X. obtained a value of QQ » 0.U5+ 0.05 
barns. The second peak (around 6 MeV) 
may possibly be an M1 analogue, as its 
exhibits an angular distribution con
sistent vith p • 1 and is not visible in 
the photonuclear spectra (2k). 
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opeatnm at IS. 5° lab. and 51.1 
MeV inaident neutron energy (mid
dle curve) compared to the 
2/lAL(p,p') spectrum at IS0 lab. 
and 61. 5 MeV incident proton 
energy (top curve); the lowest 
curve is the background (dash-
dotted curve) subtracted (n,p) 
apectrum. Bottom part : the cor
responding 27Al(y,xn) and 27A1 
(y.tot) pfiotonuclcar spectra. 

It would be interesting to perform 
similar experiments on other nuclei and 
see whether analogous results can be ob
tained. 

CONCLUSION 

While it is hard to compete in the 
field of fast neutron induced reactions 
with the experimentally much more re
warding and richer in spectroscopic in
formation charged particle induced reac
tions, the former still present some 
unique features as complementary studies. 
The extension of the bombarding energy 
range to higher energies (up to 50 MeV) 
may open new lines of investigation. 
Unfortunately, only few laboratories 
have facilities for producing high ener
gy neutrons. 
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