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1. Introduction. 

Nuclear reactions induced by light ions in the energy 
region of a few tens of MeV are now standardly described by a 
variety of pre-equilibrium reaction models (for a recent review, 
see ref.[1]). These models provide a description of the 
intranuclear cascade following absorption of the projectile, and 
the evaporation of particles during the final compound nucleus 
stage. The results of the model calculations depend on the 
identity of the incoming particle only through the initial 
particle-hole configuration it specifies. The algorithm for the 
subsequent thermalization cascade is independent of the 
projectile. As such, it should be straightforward to apply 
pre-equilibrium models also to the case of photon induced 
reactions. However, for photonuclear reactions there exist only 
a few papers where the experimental data are discussed in terms 
of such models. Both theoretical and experimental problems have 
contributed to this situation. At energies between 10 and 
25-30 MeV, the dominant mode of excitation in photoabsorption is 
the strongly collective Giant Dipole Resonance (GDR). How to 
introduce the collectivity -of this Ip-lh doorway state in the 
pre-equilibrium models is a largely unanswered question. The few 
papers attempting at a pre-equilibrium analysis of the GDR decay 
appear not to give a consistent, if phenomenological, way of 
treating the collective effects [2-4]. The application of 
pre-equilibrium models in the intermediate energy region 
(30-140 MeV) is not so hindered by this problem, as the 
excitation of collective modes should be much less important, but 
here one is faced with a lack of reliable experiments, amenable 
to analysis with such models. This scarcity of accurate 
experimental data is mainly due to the longstanding problem of 
obtaining monochromatic photons. Most experiments have therefore 
been performed using bremsstrahlung or electron beams. The 
ensuing deconvolution of the data is mathematically not 
well-defined and introduces large systematic errors. Moreover, 
the exact shape of the continuous photon spectra (real or 
virtual) is most often not well known, so that also a convolution 
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of the theoretically calculated results is problematic. Because 
both the shape of the photon spectrum and the photon absorption 
cross section rise at lower energies, such a procedure also 
strongly emphasizes the GDR region, yielding little information 
on the intermediate energy region. As for experiments using 
monochromatic photons, there are essentially only the 
photoneutron multiplicities for Zr [5], Sn, Ce, Ta, Pb and U [6] 
(positron annihilation-in-flight) and the photofission 
probabilities for 2 3 2 T h , 2 3 5 U and 2 3 8 U [7] (tagged photons). 

With regard to theory, both the exciton [8,9] and hybrid 
[10,11] models have been used to reproduce the available data 
with reasonable success. In describing the photonuclear reaction 
data, all information on the initial photon absorption process is 
somehow contained in the prescription for the particle-hole 
structure of the initial doorway state. A single-particle 
absorption process would thus lead to a lp-lh state, whereas one 
might expect the quasideuteron mechanism to give rise to 2p-2h 
states. Indeed, Wu and Chang [8] obtain a good description of 
the neutron spectra of Kaushal et al.[12], obtained with a rather 
crude bremsstrahlung difference method and at an emission angle 
of 67.5', using an initial 2p-2h state and assuming isotropic 
particle emission. Such an initial configuration is also used by 
Flowers et al.[9] in discussing their data on electron and photon 
induced complex particle emission. Unfortunately, their analysis 
is not very sensitive to details of the intermediate energy 
pre-equilibrium process due to the use of continuous photon 
spectra. However, when discussing photon induced reactions one 
should probably take somehow into account that the photon brings 
in very little momentum as compared to the energy transfer. This 
implies that only a limited class of 2p-2h states is excited. To 
describe this effect, Blann et al.[10] have introduced an initial 
2p-lh configuration in their calculation of photoneutron 
multiplicities for several medium-heavy to heavy nuclei. The 
rationale for this choice of configuration is that the two 
nucléons participating in the photon absorption process are 
strongly correlated (in momentum) so that the two holes created 
are assumed to act as one single-hole degree of freedom. These 
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initial states were also used in our previous analysis of the 
photofission of some actinides [11]. Another possible way of 
including the specific conditions after photon absorption is to 
consider the creation of two independent lp-lh cascades, 
generated by the two particles taking part in the absorption 
process. Such initial condition was already used in the 
description of pre-equilibrium reactions following stopped pion 
absorption [13], and was suggested (although not followed up) by 
the authors of ref.[9]. It is the purpose of this paper to 
investigate whether or not it is possible, on the basis of a 
comparison of calculations with the presently available 
experimental data, to determine the initial particle-hole 
configuration to be used in a pre-equilibrium model description 
of intermediate energy photonuclear reactions. In section 2 some 
general considerations on the calculations are given. The way to 
introduce two independent lp-lh cascades generated by the photon 
absorption is also treated in some detail. In section 3 the 
results of the model calculations with the different initial 
configurations are confronted with the experiment. Conclusions 
are drawn and suggestions for other experiments are given in 
section 4. 

2. Model description 

2.a General considerations. 

In order to deduce something about the primary absorption 
process, it is certainly imperative to perform all calculations 
using one single pre-equilibrium model. We have chosen the 
hybrid model [14], as incorporated in the code ALICE/LIVERMORE 82 
[15], since this is the only model applied so far to photonuclear 
reactions over the entire energy region from 30 to 140 MeV. 
Moreover, for this particular model code, a complete input 
parameter set has been established for nucléon induced reactions 
[16]. The same input parameters were used throughout this study, 
whereby only the initial particle-hole configuration was changed. 
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This is not absolutely true when we treat the case of two 
independent lp-lh cascades. The differences with the "standard" 
hybrid model are described in the following subsection. However, 
the essential physics of the equilibration cascade and the 
subsequent equilibrium decay are completely the same. This 
ensures that the description of the intranuclear cascade, which 
is common to both nucléon and photon induced reactions, is well 
founded, and that the differences between the calculated results 
stent from the physics of the absorption process. For a detailed 
description of the various input parameters, we thus refer to 
references 10, 11 and 16. 

The initial particle-hole states considered in the 
present calculations are: lp-lh, 2p-lh, 2p-2h and two independent 
lp-lh cascades. The first configuration results from a single 
particle absorption process, where the incoming photon interacts 
with a single nucléon. There exists also the possibility of 
absorption via the high energy tail of the GDR. Ignoring the 
collectivity of this state supposedly also leads to the 
consideration of a lp-lh doorway. The more important absorption 
mechanism is, however, thought to be the quasideuteron process, 
in which the photon gets absorbed by a correlated proton-neutron 
pair. If one neglects the effects of the (strong) correlation 
between the quasideuteron particles, this mechanism gives rise to 
the 2p-2h initial states. Blann et al.[10] took into account the 
correlation of the proton-neutron pair by utilizing a 2p-lh 
doorway state. This amounts to supposing that the two holes 
remain strongly correlated, acting as an effective single-hole 
degree of freedom. A similar absorption process by a two nucléon 
cluster is generally thought to dominate in the capture of 
stopped pions. Both the photon and the pion at rest are 
projectiles which bring in quite some energy but comparatively 
little momentum. Blann [17] has analysed the existing data on 
pion induced reactions within his hybrid model, and round the 
best agreement between theory and experiment for an initial 2p-lh 
configuration. U s m v the exciton model, Gadioli and Gadioli Erba 
[13] considered instead two independent cascades each 
characterized by a lp-lh initial configuration. This choice is 
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based on the fact that the projectile (i.e. the stopped pion), 
brings in negligible momentum, thus causing the two nucléons 
participating in the absorption process to move in opposite 
directions and initiating two simultaneous independent cascades. 
Both approaches offer a comparable reproduction of the 
experimental pion data. Whereas the 2p-lh and 2p-2h initial 
configurations are immediately introduced as input parameters to 
the hybrid model code, the implementation of the two independent 
decay cascades requires some modifications to the model. These 
are described in the next section. Finally, it is supposed that 
the photonabsorption proceeds completely via one of the four 
configurations, i.e. no combination of initial configurations is 
considered. 

2.b Ouasideuteron absorption. 

In this section we discuss another possible way of taking 
into account the specific features associated with the absorption 
of an intermediate energy photon by a (not too light) nucleus. 
The most important characteristic of the photon is, as noted 
above, that it brings in comparatively little momentum. This 
favours the absorption on nucléon pairs, and also causes the 
excited particles to start travelling in opposite directions 
through the nuclear medium. As such, the two cascades started by 
these particles will be nearly independent, certainly in the 
early stages, and each characterized by a lp-lh initial 
configuration. On the average, both particle-hole pairs will 
each take about half of the available excitation energy. 
However, because of two reasons there will be a rather broad 
energy distribution associated with each of the decay cascades. 
First, the quasideuteron absorbing the photon is not necessarily 
at rest with respect to the center of mass of the nucleus. On 
the contrary, it has a certain momentum distribution which has to 
be taken into account. The second effect is that, although both 
particles take up half of the available energy in the center of 
mass of the quasideuteron + photon, their angular distribution 
causes a certain energy distribution in the lab system (cfr. the 
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situation in the photodisintegration of the real deuteron). Both 
effects are treated in a Monte Carlo calculation which is very 
similar to the one used in cascade model calculations [18]. 

The neutron and proton forming the quasideuteron are 
sampled at random with momenta according to their appropriate 
Fermi distribution. The transformation to the center of mass of 
the quasideuteron + photon is performed using standard Lorentz 
transformations. It is then assumed that the angular 
distribution of the excited neutron and proton is identical (in 
this reference frame) to the center of mass angular distribution 
of the real deuteron. This angular distribution was taken from 
the extensive parametrization of Thorlacius and Fearing [19]. 
Transforming back to the center of mass of the total excited 
nucleus yields the energy associated with each of the two 
particle-hole pairs. At this point, the calculation also enables 
to derive the damping factor F D(E ) which appears in the 
expression for the total photon absorption cross section, due to 
Pauli blocking [20] : 

aabs<V " L • ̂  ' FD<Ey> ' aD<V (D 

where CTD represents the photodisintegration cross section for the 
deuteron and L is the Levinger proportionality factor. Indeed, 
both particles excited by the absorption of the photon should end 
up with momenta above the Fermi momentum. Events in the Monte 
Carlo calculation which did not satisfy this condition were 
discarded and a new quasideuteron pair was sampled. The damping 
factor calculted in our model is compared to the factors proposed 
by several authors [8,9,12,20] in fig.l for the case of 2 0 8Pb. 
For other nuclei vritually the same curve is found. It Ihould be 
stressed that most factors are completely ad hoc and that there 
is little or no physical foundation for their energy dependence. 
This does not apply to the damping factor given by Flowers et 
al.[9] which originates from a calculation similar in spirit to 
ours. However, it was assumed in ref.[9] that the photon energy 
is shared equally between the two nucléons of the quasideuteron, 
an assumption which was not made in the present work and as will 
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be shown below, is not altogether very realistic. As is evident 
from fig.l, the absolute values of the different damping factors 
may vary quite a lot according to the approach chosen, which is 
certainly one of the reasons for the large variation in values 
for the Levinger factor L, found in the literature. With the 
present damping factor, which is virtually independent of the 
mass of the target nucleus, a value for L » 3.3 in (1) was found 
to adequately describe the photon absorption cross section for 
2 0 8 P b . 

In fig.2, we show as an example of the calculated energy 
distributions, the energy distribution for the lp-lh cascade 
initiated by the excited proton, after absorption of a 130 MeV 
photon. The shape of the distribution is roughly Gaussian 

P(E)dE ~ C.exp[-(E - E m a x) 2/( 2a 2 )] (2) 

with a standard deviation a « 26 MeV. The fact the E _ a v is 
max 

slightly higher than E /2 = 65 MeV, is due to the forward peaking 
of the proton angular distribution in the photodisintegration of 
the (quasi)deuteron. The standard deviation of the proton energy 
distribution as a function of photon energy is given in fig.3, 
again for the case of photon absorption on 2 0 8 P b . (There is 
however virtually no dependence on the mass of the target 
nucleus). In the case of stopped pion absorption, Gadioli and 
Gadioli Erba [13] found a similar shape for the energy 
distribution of the two particle-hole pairs with a standard 
deviation of 23 MeV. The somewhat larger width of the 
distributions for photon absorption at an excitation energy of 
140 MeV is caused by the nonvanishing momentum brought in by the 
photon, in contrast to the situation for stopped pions. 

Subsequently, both cascades are supposed to proceed 
independently of each other. This assumption is presumably 
rather poor in lighter nuclei (A < 80) and it is certainly not 
satisfied any more when the nucleus approaches thermal 
equilibrium. However, the probability that particles are emitted 
from these later stages in the decay cascades is small, so that 
this has little influence on the calculated spectra. Essentially 

8 



the same algorithms as in the normal hybrid model are used to 
describe both decay cascades. The only major change is the 
neglect of multiple precompound decay from each of the two 
cascades, since this would complicate enormously the bookkeeping 
of the excitation spectra of the residual nuclei (after 
pfecompound decay). This neglect has however only a minor 
influence on the calculated results since, on the average, the 
energy of each of the two decay cascades is only half of the 
incoming photon energy. Moreover, considering two 
pre-equilibrium cascades leads already to an enhanced emission of 
pre-equilibrium particles (albeit with a lower average energy). 
Although the present treatment of the initial configuration after 
photon absorption includes from the beginning some specific 
aspects of the photon absorption process, it still neglects some 
other features. Probably most important among these is the fact 
that no account is taken from the fact that there is a rather 
large probability that at least one of the excited particles 
starts out towards the nuclear surface. This situation stands in 
contrast to the situation encountered in nucléon induced 
reactions where it is clear that the initially excited particles 
tend to travel towards the nuclear center. As a consequence, the 
probability for escape of a particle to the continuum should be 
somewhat larger in the case of photon induced reactions. We have 
included this effect by (arbitrarily) doubling the average mean 
free path of the nucléons. (Note that this comes over and above 
the double mfp normally used in the brid model). 

After thermal equilibrium is reached, the excitation 
spectra of the residual nuclei after pre-equilibrium decay are 
calculated. Since both intranuclear decay cascades are assumed 
to be independent, it is an easy matter to calculate the 
probabilities for having an emitted particle from each of them. 
Starting from these excitation spectra, the usual Weisskopf-Ewing 
evaporation calculation is performed. Including the initial 
configuration with two independent lp-lh cascades is much more 
time consuming on a computer than a "normal" calculation with 
e.g. a 2p-lh initial configuration. Indeed, instead of for one 
intranuclear decay cascade, one has to perform this calculation 
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(the pre-equilibrium part only) twice for every possible energy 
distribution over the two particle-hole pairs, and then average 
over the calculated distribution. For this reason, the 
calculations with this type of initial condition were done only 
for the specific case of photoabsorption on 2 0 8 P b and 2 3 2 T h . It 
was however checked that strictly the same conclusions hold for 
the other nuclei studied. 

3. Discussion. 

The calculations with the various initial states have 
been confronted with the following set of experimental data : 

* the partial photoneutron cross sections for 
emission of at least i neutrons 

a(i) = s CT(y,jn...) 

for Zr [5], Sn, Ce, Ta, Pb and U [6]; 

* the average neutron multiplicity P(Ey) and width 
W(E„) [21] for the same nuclei; 

* the total fission probabilities for 2 3 2 T h , 2 3 5 U 
and 2 3 8 U [7]. 

The code ALICE/LIVERMORE 82 readily yields the partial 
cross sections a^x^ [10,11], In figs.4 and 5, we show as an 
example these cross sections for Zr and Pb, with the initial 
configurations lp-lh, 2p-lh and 2p-2h. Completely similar 
results are obtained for all other nuclei studied. From the 
o ^ , the quantities \7 and W are deduced. These are given in 
figs. 6 and 7 respectively, for Sn, Ce, Ta, Pb and U. Also 
shown is the result of a Weisskopf-Ewing calculation for Pb where 
the effect of pre-equilibrium emission is neglected. Clearly, 
this does not lead to any agreement with the experimental data, 
evidencing the importance of the pre-equilibrium decay process. 
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In the case of ''"'Pb, we also show the result of the calculation 
with two independent decay cascades, each characterized by a 
lp-lh initial configuration. Finally, in figures 8 and 9, the 
total fission probabilities for 2 3 2 T h , 2 3 5 u and 2 3 8 U are given. 
The experimental fission cross sections were converted to fission 
probabilities on the basis of an estimated photon absorption 
cross section [7], where the GDR parameters of Livermore 
(fig.8)[22] or Saclay (fig.9)[23] have been used. For 2 3 2 T h , the 
calculated results for a 2x(lp-lh) initial configuration are also 
shown. 

From all these comparisons, it is clear that it is 
virtually impossible to determine which of the four initial 
configurations considered is the best one. The results for an 
initial lp-lh or 2p-lh state are almost indistinguishable and 
show a good accord with the experiment. Introducing two 
independent lp-lh cascades does not lead to a much better 
agreement with the experiment. The average neutron 
multiplicities are reproduced to about the same accuracy as with 
a 2p-lh initial configuration, but the width of the neutron 
distribution and the fission probability seem to be less well 
described, especially at the lower energies. This presumably 
reflects the fact that this kind of initial configuration cannot 
be expected to yield fully satisfactory results at energies below 
some 50 MeV, i.e. in the GDR and in the transition region 
between the collective GDR excitation and the quasideuteron 
region, it is interesting to note that the lower width of the 
neutron distribution above 120 MeV excitation energy predicted 
for the 2x(lp-lh) initial configuration seems to fit better the 
experiment then is the case for the other initial configurations. 
(Although the experimental accuracy is not too high at these 
energies). The 2p-2h results always tend to give a somev'v.t 
worse agreement with the experiment, although on the basis oC the 
presently available data it is not possible to really dis.;a*-d 
this initial configuration. Indeed, while the effect of particJ.e 
emission during the pre-equilibrium phase is certainly very 
important (figs.6 and 7), the existing experiments seem not to be 
sensitive to the details of the primary absorption process, as 

11 



introduced via the choice of initial configuration. This is in 
fact understandable, since the neutrons are mainly emitted during 
the compound nucleus stage of the decay. Fission decay also is a 
typical compound nucleus phenomenon. The measured neutron 
multiplicities and fission probabilities thus carry relatively 
little information on the details of the primary absorption 
process. 

In principle, energy spectra of emitted nucléons should 
be more sensitive to the choice of initial configuration. 
Unfortunately, the only data that exist to date are the rather 
old neutron spectra measured by Kaushal et al.[12]. They have, 
at an angle of 67.5 *, measured the neutron energy spectra for a 
variety of target nuclei, with bremsstrahlung endpoint energies 
of 55 and 85 MeV. Assuming that the difference spectra 
correspond to a monochromatic photon beam of 70 MeV, and 
furthermore assuming that the neutrons are emitted isotropically, 
it is possible to compare their results to the calculations with 
the hybrid model code. As an example, we show in fig.10 the 
results for Pb. Again, calculations with an inital lp-lh or 
2p-lh configuration are in good agreement with the experiment, 
while the 2p-2h results, although not completely impossible, lie 
further off. The result for a calculation with two lp-lh 
cascades predicts a definitely too soft spectrum to agree with 
the experiment. Rather, it follows rather closely the spectrum 
for a 2p-2h initial configuration, except for neutron energies 
around 15-20 MeV. A similar behaviour was seen at other 
excitation energies. 

It thus appears that the presently available experimental 
data do not suffice to determine the initial configuration to be 
used in an intermediate energy photonuclear reaction calculation. 
Not only does it seem to be impossible to derive any detailed 
information about the quasideuteron absorption process, by e.g. 
comparing the results for a 2p-2h , 2p-lh and a 2x(lp-lh) initial 
configuration, but also a lp-lh initial configuration is not 
contradicted by the comparison with the experiment. 
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4. Conclusions and outlook. 

It has been demonstrated that the presently available 
experimental data do not allow for an unambiguous determination 
of the initial exciton configuration after photon absorption. 
This is primarily due to the character of the data: neutron 
multiplicities and fission probabilities that are more sensitive 
to the compound nucleus evaporation stage of the decay than to 
details of the pre-equilibrium cascade. (Nevertheless, it is 
clear that the effects of pre-equilibrium decay processes have to 
be included in order to reproduce the experiment, e.g. figs.6 
and 7). It was found that an initial lp-lh and a 2p-lh 
configuration give results that are, for the present experimental 
quantities, virtually indistinguishable. An initial 2p-2h state 
and calculations with two independent lp-lh cascades seem to give 
a less good agreement with the experiment. 

To be able to discriminate between the different types of 
initial particle-hole configurations suitable for photon 
absorption in the present energy region, one should thus have 
recourse to experiments which are specifically sensitive to 
particles emitted during the pre-equilibrium phase of the 
reaction. One possibility is the study of exclusive (y,n), 
(r»P)i (7»np)i (7/2n) and (r,2p) reaction cross sections, e.g. 
by detection of the residual activities. The multiplicities 
involved are sti?1 low enough that these cross sections remain 
sensitive to the initial particle-hole configuration. 

Energy spectra of particles are probably the most 
interesting quantities, but have up till now only been measured 
with continuous photon spectra. Use of the tagged photon 
technique, available at the high duty factor electron 
accelerators, should help to eliminate the large systematic 
errors inherent to the deconvolution procedures, while 
simultaneously yielding spectra at several photon energies. The 
angular distribution of emitted nucléons will be even more 
sensitive to details of the primary absorption process. Since 
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the initial anisotropics are rapidly damped out, a measurement of 
the angular distributions yields much information on the early 
stages of the reaction. Especially the study of correlations 
between outgoing "fast" particles should yield, also in heavy 
nuclei the most useful information about the photon absorption 
mechanism. While it seems difficult to calculate the energy 
correlation and certainly the angular correlation between 
particles emitted during the pre-equilibrium stage, with the 
usual 2p-2h and 2p-lh initial configurations, this is readily 
accomplished within the model extension described in section 2.b. 
The model predicts e.g. large cross sections for the emission of 
a neutron and a proton or of two neutrons, one from each cascade. 
Clearly, the correlation between both particles will be much 
weaker than the correlations observed between the initially 
excited and emitted particles from light nuclei, but this again 
should give a useful insight in the early stages of the 
equilibration cascades. 

Analysis of such an experiment would necessitate the use 
of a pre-equilibrium model that also calculates angular 
distributions of emitted particles. It is furthermore important 
to check whether another pre-equilibrium model leads to the same 
conclusions for these four configurations as obtained here with 
the hybrid model. Especially the fact that the lp-lh and the 
2p-lh results are so clost to each other may be worthwile to 
study in more detail. 

Notwithstanding the present ambiguities in the 
pre-equilibrium analysis of intermediate energy photonuclear 
reactions, further experimental efforts are certain to yield 
interesting data. Such analysis may well be one of the few ways 
to establish the importance of the quasideuteron absorption 
mechanism for heavier nuclei. 
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Fig. 1 

Pauli damping factor for photon absorption. Full line: present 
calculation, dashed line: calculation of ref.[9], dash-dotted 
line: ref.[8], dotted line: exp(-D/E r) with D-60 MeV [20]. 



50 100 
Proton energy (MeV) 

Fig. 2 

Monte Carlo calculation of the energy distribution of the 
proton particle-hole pair excited by absorption of a 130 MeV 
photon. 
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Fig. 3 

Standard deviation of the (proton) energy distributions as a 

function of the incoming photon energy. 
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Fig. 4 

Experimental [5] and theoretical photoneutron cross sections 

for emission of at least i neutrons : Zr-target. Full lines: 

initial lp-lh configuration, long dashes: initial 2p-lh 

configuration, short dashes: initial 2p-2h configuration. 
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Fig. 5 

Experimental [6] and theoretical photoneutron cross sections 
for emission of at least 1 neutrons : Pb-target. Full lines: 
initial lp-lh configuration, long dashes: Initial 2p-lh 
configuration, short dashes: initial 2p-2h configuration. 
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Fig. 6 

Average neutron multiplicity t7 of the neutron distribution for 
Sn, Ce, Ta, Pb and U. Experiment: ref.[21]« Full lines: 
initial lp-lh configuration, long dashec: initial 2p-lh 
configuration, short dashes: initial 2p-2h configuration, 
dash-dotted line : no pre-equilibrium emission, dotted line: 
two independent lp-lh cascades. 
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Fig. 7 

Width W of the neutron distribution for Sn, Ce, Ta, Pb and U. 
Experiment: ref.[21J. Full lines: initial lp-lh 
configuration, long dashes: initial 2p-lh configuration, short 
dashes: initial 2p-2h configuration, dash-dotted line : no 
pre-equilibrium emission, dotted line: two independent lp-lh 
cascades. 
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Fig. 8 

Total fission probabilities for 2 3 2Th, 2 3 5 U and 2 3 8 U [7]. The 
total absorption cross section was computed using the 
Livermore GDR parameters [22]. Full lines: initial lp-lh 
confi'.; -~<>*:ion, long dashes: initial 2p-lh configuration, short 
dasiv - .nitial 2p-2h configuration, dash-dots : two 
independent lp-lh cascades. 
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Fig. 9 

Total fission probabilit .es for 2 3 2 T h and 2 3 8 U [7]. The total 
absorption cross section was computed using the Saclay GDR 
parameters [23]. Full lines: initial lp-lh configuration, long 
dashes: initial 2p-lh configuration, short dashes: initial 
2p-2h configuration, dash-dots : two independent lp-lh 
cascades. 
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Fig. 10 

80 

Neutron energy spectra for Pb. The experimental differential 
cross section at 67.5* has been multiplied by 4TT, The 
experiment [12] used a 85-55 MeV bremsstrahlung difference 
method; the calculations were done assuming monochromatic 
photons of 70 MeV. Full line: initial lp-lh configuration, 
long dashes: initial 2p-lh configuration, short dashes: 
initial 2p-2h configuration, dash-dotted curve : two 
independent lp-lh cascades. 
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