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I. INTRODUCTION 

To perform the neutron calculation of a nuclear reactor core, people 
need the knowledge of the physical laws which manage the history of the neutron 
life in a multiplying medium and also the numerical values of several parame
ters which intervene in these laws. These parameters are mainly neutron cross 
sections and neutron spectra. The numerical values can be obtained either by 
measurements of cross sections versus neutron energy for each component of the 
multiplying medium, or by a more synthetical way as the measurement of a cri
tical size or a criticity factor of a well defined medium. The former measure
ments arecalled differential measurements, the latter integral measurements. 
It is obvious that the result of an integral experiment depends on the forma
lism which is used in the calculation and on the accuracy of this computation. 
Formerly, neither the cross section measurements nor the reactor calculations 
were accurate enough. Then the reactor physicists preferred to use the synthe
tic parameters deduced from integral experiments. An adjustment process allowed 
them to obtain with the microscopic data the same result as with the integral 
experiments. But now, with the improvement of the computer performances, the 
calculation formalisms are almost exact, as far as simple geometries of the 
multiplying media are concerned. The cross section measurements are better 
too. Differential and integral results must trend both towards the same value, 
which is the true value. We can say that the tv/o kinds of experiments become 
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complementary. If we observe a discrepancy between them, that means that it 
exists an inaccurracy in one of them or in both. The resorption of such a 
discrepancy generally leads to an improvement of the cross section values 
or of the computation methods. We can quote as examples the well known dis
crepancy of the uranium 2^8 effective resonance integral which seems resol
ved now and the cases of the — dépendance of thermal capture cross section 
of uranium 238 and of the americium 242 capture cross section which are not 
yet resolved. 

II. URANIUM 238 EFFECTIVE INTEGRAL 

In a reactor core, the uranium nuclei are not in an infinite 
dilution state. Then the absorption rate of uranium 238 is not managed by the 
absorption cross section but by the self-shielded one. This absorption rate 
can be synthetized by the effective integral I f f * / a
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self-shielded cross section). To compute this integral we need the knowledge 
of the infinite dilution cross section and the use of an appropriate forma
lism to represent the slowing down of the neutrons in the resonance energy 
range. The research of the effective integral value by this way is named the 
differential experiment way because we use the individual resonance parame
ters. But it is also possible to obtain the value of the effective integral 
by another way. We can directly measure the critical size or the criticity 
factor of a lattice in a critical facility and extract the uranium absorption 
rate from these experimental results. It is the integral experiment way. 

Several years ago, it was well known that there was a systematic 
discrepancy between the two values of the effective integral. The value which 
was computed with the resonance parameters were always larger than the value 
which was deduced from the critical experiments. Obviously the reactor phy
sicists preferred the second value. So, in their calculations they used an 
adjustment process to obtain the same value as 1n the critical experiments. 
They reduced the computed value of the effective integral. The decrease was 
equal to about one barn for thermal reactors. Formerly this was allowable. Now 
the cross section measurements are more accurate and the calculation forma
lisms are almost exact. An adjustment process was no longer justified for the 
physical point of view. It became absolutely necessary to search for an expla
nation of this discrepancy. Then, new measurements of the uranium 238 cross 
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sections were performed with higher experimental resolution and accuracy. It 
was found, first that the mean radiation width of uranium 238 was lower than 
the previous value and second that it must be taken account of the level -
level interferences [1,2]. These two results were very important. The use of 
both new resonance parameters and a multilevel formalism in the computation 
of the cross sections improved the previous state. It is the scaterring cross 
section which is sensitive to the interference effect. But, as this scater
ring cross section intervenes in the calculation of the self-shielded capture 
cross section, the effective integral is also sensitive to the multilevel 
formalism. It was shown that, for a wide range of neutron spectrum, the va
lues of the effective integral (or of the absoprtion rate) of uranium 238 
which is computed with these two new assumptions became on an average equal 
to the integral experiment values [3]. So now we do not need any adjustment 
of the computed effective integral values (Table I). 

In this particular case the complementarity of the differential 
and integral experiments is well displayed, since the attempts to explain the 
discrepancy induced an improvement of the resonance parameter knowledge and 
a better computation of the self-shielded cross section. It is very satisfac
tory. 

III. THERMAL RANGE URANIUM 238 CAPTURE CROSS SECTION 

Even if the result is not yet as satisfactory as for the effective 
Integral, the study of the dépendance of the uranium 238 capture cross sec
tion versus the neutron energy in the thermal range is also another good 
example. This problem appears when we want to compute the temperature coeffi
cient of a thermal multiplying lattice. Several parameters are involved in 
the temperature coefficient calculation : the changes of the moderator ther-
mallzation properties with temperature, the Doppler broadening of the fuel 
nuclei resonances, mainly the uranium 238 resonances, the variations of the 
thermal cross sections versus neutron energy. Actually the temperature coef
ficient measurements, which are integral experiments, give a result which is 
1n disagreement with the value which 1s computed with the differential data. 
Solve this discrepancy is not so easier as forthe effective Integral problem 
because the causes must be miscellaneous. And it can exist balancing and 
Interferences between them. The study of the uranium 238 effective integral 
showed that neither the new resonance parameters nor the multilevel formalism 
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can explain the discrepancy by Doppler effect shift. It was shown in another 
study that modifications of uranium 235 cross sections would be able to ex
plain the temperature coefficient disagreement [4]. Unfortunatly the proposed 
modifications are too large in comparison with the experimental uncertainties 
of the more recent and accurate fission cross section measurement [5], Then 
it remained a modification of the uranium 238 cross section shape in the ther
mal range. M. Edenius showed that with a small deformation of the uranium 238 
capture cross section it is possible to explain the temperature coefficient 
discrepancy [6]. But the modifications were not yet experimentally observed 
at that time. Recently reactor physics people thought that it would be very 
useful to measure again the thermal capture cross section of uranium 238. 
Several requests on this topics occured in WRENDA. Since twenty years no 
measurement was performed, and the cross section is always supposed to have 
and 1/v dépendance up to 0.1 eV. A few months ago we were acquainted with a 
new measurement of the thermal capture cross section of uranium 238. This ex
periment was carried out by the Harwell team [7]. The results of this measu
rement are not yet available. But it will be very interesting to check if 
this new differential measurement improves or not the temperature coefficient 
calculation and corroborates the Edenius assumption (Figure 1). In uranium 238 
thermal capture case too, differential and integral experiments seen both 
useful to progress towards the right result. 

IV. AMERICIUM 242m CAPTURE CROSS SECTION 

With the increase of burn up, the neutron shielding of the irra
diated fuels becomes important for the transport and the reprocessing. The 
neutron emission of the irradiated fuels must be known with a very good order 
of magnitude. The neutron emission is mainly produced by the (a,n) reactions. 
The o particule emitters are the even curium isotopes. Then it 1s necessary 
to have an accurate forecast of the curium amount. During the irradiation of 
the fuel 1n a reactor core, the curium isotopes are obtained by neutron cap
ture 1n americium isotopes which are produced by 6" decay of plutonium 241 
and neutron capture. Among these isotopes, americium 242m takes a prominent 
part and Its capture cross section 1s not well known. Because up to now, the 
available amount of Am was very small, only few accurate cross section 
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measurements were done. And it was essentially the fission cross section 
which was investigated. At the present time it is not possible to rely upon 
a direct measurement of the americium 242m capture cross section. Then, this 
cross section must be deduced from resonance analysis at low energy and 
computed with theorical nuclear models at high energy. Several computations 
were performed. It exists very important differences between their results 
that it is necessary to check. And for this purpose integral experiments 
can help us another time. Nowadays chemists are able to measure the amount 
and the isotopic percentage of americium in an irradiated fuel. This chimi-
cal analysis can be done with high burn-up fuels or with separated isotopes 
samples. The second type of experiment is more accurate and can be undertaken 
because sufficient quantities of americium 241 are now available. By deple
tion calculation we know to compute the isotopic composition of a sample at 
the end of the neutron exposure. From the observed differences between the 
computed and the experimental values of the isotopic composition, we can 
research tendancies on the numerical values of the cross section which were 
used in the computation. The irradiated fuel analysis can give us informa
tions about the average capture cross section of americium 242m. If we have 
the result of several irradiations performed with various neutron spectra 
(in a thermal reactor and in a fast reactor for instance) we can also have 
informations about the shape of the capture cross section versus energy. So 
we can perhaps make a choice between the different sets of computed capture 
cross sections (Figure 2). 

Chemical analysis of irradiated fuels are now in progress. The 
results of these experiments will be useful for both reactor physicists and 
nuclear physicists. 

V. CONCLUSION 

The above mentioned examples showed us that differential and integral 
experiments are both useful to the reactor physicists and sometimes even to 
the nuclear physicists. According to the case, either of these experiments can 
have a more important weight. But they always remain complementary and in some 
circumstances both are absolutely necessary. 

In conclusion we can say that, with the help of the two kinds of 
experiments, the knov/ledge of the neutron data can be improved. 
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Table I 

Comparative results of (k e f f-l) for several types 
of thermal reactors in units of 10 

^^"^**-**^^^ Lattice 
Library *"^-«^^^ 

Graphite Heavy water Light water 
steel clad 

Light water 
Zr clad 

Light water 
critical facility 

UKNOL 66 with adjustment 
UKNDL 68 without adjustment 
New parameters and single level 
New parameters and multilevel 

0 

- 1140 

- 452 
- 136 

0 

- 895 
- 352 
- 114 

0 

- 675 
- 192 
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0 
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• 35 . 
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- 300 
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