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u. Fasoli(·), G. Galeazzi, P. Pavan(·), D. Toniolo(·), G. 2ago(·) and R. 2annoni, L. Badan, G. Bressanini: THE 

DEFORMATION EFFECT IN THE FAST NEUTRON TRANSMISSION THROUGH AN ALIGNED 59 Co TARGET IN 

THE ENERGY RANGE 0.8 - 20 MeV. 

The "deformation effect" in neutron transmission is defined as the difference between the neutron total 

cross section of a nuclear target respectively aligned and not aligned. It is due to the lack of sphericity, or 

deformation, of the radial distribution of the nucleons in the nucleus. Its determination therefore offers 

information on the shape of nuclei which is complementary, but in principle different, to that obtained by other 

processes, as for example the Coulomb excitation or the photoneutron production, related to the electric charge 

nuclear radial distribution. 

The deformation effect was first observed in the neutron transmission on 165Ho by Wagner et a1.(I), and 

later also in this laboratory(2), where the first observation of the deformation effect in neutron scattering(3) was 

recently made. Although the results obtained on holmium were very interesting a systematic extension of this 

type of experiment was arrested by the technical difficulties of orienting other nuclei. 

The recent progress in low temperature physics allowed Fisher et al. (4) to aligne a cobalt monocrystal and to 

measure the deformation effect in neutron transmission on 59 Co at five spot energies between 1 and 2 MeV and 

at 15.9 MeV. Although the number of the experimental points was not large and the explored energy region, 

where large fluctuations are present, was rather limited, the results confirmed the potentiality of the method in 

obtaining information on nuclear shape. 

In the experiment here described the effect on 59 Co was measured in the energy interval varying 

continuously from 0.8 up to 20 MeV with largely improved statistics, on a target having an alignment more than 

twice that of ref. (4). The orientation was obtained by cooling monocrystalline cobalt by means of a 3He_ 4He 

dilution refrigerator constructed in this laboratory for this purpose(5). The target was formed of two cobalt 

monocrystals, grown in this laboratory using the Czochralsky method, having the form of truncated cones with a 

total mass of 45 g. The c axes of the crystals were parallel to the axes of the cones. The two crystals were soft 

soldered inside a small copper block forming the lower part of the mixing chamber of the refrigerator. The total 
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thickness of the two crystals was 2.370 em and the common "e" axes was located parallel to the neutron beam 

direction. 

The temperature of the cobalt target during the measurement was controlled by means of Speer type carbon 

resistors previously calibrated by means of a cerium magnesium nitrate thermometer and by a 60Co nuclear 

orientation thermometer(6) soft soldered to the mixing chamber . The average temperature of the target during 

the experiment was 18.5 mK, with variations not exceeding:: 1 mK. The corrisponding degree of nuclear 

a lignment, calculated as in ref. (4) was BZ/B
Z 

:: O.3/j. :: 0.02. The neutron beam impinging on the target was 
max 

generated by means of reaction 7 Li(d,n) 8Be on a natural methal lithium target 1 mm thick.The incident 

deuterons were acce lerated to 4.5 MeV by means of the Van de Graaff accelerator at the University of Padua 

(Legnaro). The accelerator was pulsed at the frequency of I MHz, with pulses of 2 ns FWHM, to allow the use of 

the neutron time-of-f1ight technique. The thick lithium target, where the deuterons were stopped, gave rise to a 

"white" neutron spectrum with energies extending from 0.8 up to 20 MeV(7). 

The neutron source was located inside a cavi ty in an iron cubic block in order to reduce the neutron and 

gamma ray background. Two holes of I em diameter in the iron block at ! 15° with respect to the deuteron beam 

direction defined two symmetrical neutron beams, one impinging in the cobalt sample and in the main detector 

and the other in the neutron monitor. The two neutron detectors were both made of liquid scintillator NE213. 

Conventional time-of-f1ight electronics was used with a flight base of 4.35 m. 

The measuring procedure consis ted in comparing the neutron transmission th rough the monocrystal target to 

that of a second polycrystall ine, and therefore not aligned, cobalt target, having the same area l density, located 

laterally parallel and near to the first. 

In order to compare the two transmissions in identical experimental conditions the two targets were exposed 

alternatively to the same neutron beam by moving the whole re frigerator laterally on wheels running on precis ion 

rails. The alternating period of a few minutes was sufficiently short to render neg ligible the temporal drifts of 

the electronics and of the whole pulsing apparatus. The exposure of the two targ~ts to t he neutron beam was 

controlled by an integrator of the deuteron beam current and the countings, correct ed for background which •... 
never exceeded 2%, normalized by means of the neutron monitor. 

The "co ldlO runs, with the target aligned, were preceded and followed · by two series of "warm" runs 

respectively at 77 K and 1 K (alignment zero), made in order to control the absence of spur ious effects. 

The results of the warm runs, equal within errors, are summed up and represented in Fig. lao The average 

relative variation of the transmission through the two not aligned target was (0.6 ! 0.3) x 10-3. The spurious 

effect was therefore negligible in comparison with the deformation effect which was of the orde r of some 

percent. 

The deformation effect .dade!' reported in Fig. lb, was calculate d by the formu la : 

.10 
del nt 

T 
e.n~ 

T a Q., 

whf'rC n= 0.896 x 1023 is the number per cm 3 of the cobalt nuclei in the target, t = 2.370 cm its thickness and 

T aQ, and Tun the neutron transmissions through the aligned and unaligned targets respectively. 

The results obtained by Fisher et al.(4) are also reported in Fig. l b. They are normalized to our alignment 

degree (0.34 against 0.16), by supposing L1a
def 

proportional to the alignment degree. The agreement is good if one 

takes into account the large fluctuations present in the low energy region. 

The dotted curve of the figure is the theoretical e ffect calculated by Fisher et al.(4) using a DWBA 

calculation. The curve agree only qualitatively with the experimental data. 

A better agreement is apparent with the continuous curve which is a theoretical prevision of the effect 

performed recent ly at Padua (10) by employing the semiempirical model devised by Marshak et a1. (1) to describe 
.,'<l 
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The deformation effect L1 0def :; 4.71 In(r 1fT 2) barn (see text), in the neutron transmission through a sample of 

59 Co, aligned with an alignment degree B2/B2 = 0.34, as a function of the incident neutron energy E . T I 
max n 

and T 2 are the neutron transmissions through the polycrystalline and monocrystalline sample respectively. The 

results in a) and b) are relative respectively to the "warm" runs with the two targets not aligned, and to the 

"cold" runs with the monocrystal target aligned. The full points are the results of Fisher et al. (4) normalized to 

our alignment degree. The continuous curve represents a theoretical prevision of the effect pertormed by means 

of the model described in the text. The dotted curve is the theoretical effect calculated by Fisher et al. (4) by a 

OWBA calculation. 
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the deformation effect on 16Ho• The model calculates the effect as composed of two contributions. The first is 

the variation of the geometrical, or "black nucleus", c ross section induced by the alignment of a non spherical 

nucleus; for example a prolate nucleus, when a ligned in the direction of the neutron beam, presents a smaller 

geometrical c ross section to the beam. The second is due to the variation of the average Jenght of the aligned 

nucleus in the direction of the incident neutron beam; this variation induces a shift of the maxima and minima of 

the giant resonances in the total neutron cross sect ion, which are explained as being due the interference 

between the neutron wave crossing the nucleus and the one passing around it. 

In our calculation for 59 Co based on this model we used the deformation parameter p:: 0.19 obtained by a 

photoneutron production experiment(J) and the experimental tota l cross section found in the literature. Other 

details of the calculation are given in ref. (IO). 

The fair agreement with the experimental results obtained by this simple model suggests that the observed 

effect is attributable essentially to the static deformation of 59 Co and therefore a coupled channel calculation 

taking this fact more into account would permit an improvement in the agreement between experiment and 

theory and eventually the extrac tion of a more precise value of the deformation parameter. 

Thanks are due to the staff of the Laboratory at Legnaro and in particular to R. Preciso of the mechanical 

workshop where the dilution refrigerator was constructed. 
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