
ATTI ACCADEMIA NAZIONALE DEI LINCEI

CLASSE SCIENZE FISICHE MATEMATICHE NATURALI

RENDICONTI

Umberto Fasoli, Domenico Toniolo, Guido Zago

Fast-neutron total cross section of Mg, Cl, K, Ca,
5.0÷ 8.5 MeV

Atti della Accademia Nazionale dei Lincei. Classe di Scienze Fisiche,
Matematiche e Naturali. Rendiconti, Serie 8, Vol. 52 (1972), n.4, p. 519–522.
Accademia Nazionale dei Lincei

<http://www.bdim.eu/item?id=RLINA_1972_8_52_4_519_0>

L’utilizzo e la stampa di questo documento digitale è consentito liberamente per motivi di
ricerca e studio. Non è consentito l’utilizzo dello stesso per motivi commerciali. Tutte le
copie di questo documento devono riportare questo avvertimento.

Articolo digitalizzato nel quadro del programma
bdim (Biblioteca Digitale Italiana di Matematica)

SIMAI & UMI
http://www.bdim.eu/

http://www.bdim.eu/item?id=RLINA_1972_8_52_4_519_0
http://www.bdim.eu/


Atti della Accademia Nazionale dei Lincei. Classe di Scienze Fisiche, Matematiche e
Naturali. Rendiconti, Accademia Nazionale dei Lincei, 1972.



SEZIONE II
(Fisica, chimica, geologia, paleontologia e mineralogia)

Fisica. — Fast—neutron total cross section of Mg, Cl, K , Ca, 
5.0 — 8.5 MeV. Nota di U mberto F asoli, D omenico T oniolo e 
G uido Z ago, presentata (#) dal Socio A. R ostagni.

R iassunto . — Sono state misurate, nell’intervallo di energia da 5.0 a 8.5 MeV, le 
sezioni d’urto di neutroni sugli elementi naturali Mg, Cl, K, Ca, con una dispersione dell’ener
gia di circa 30 keV e accuratezza statistica migliore di 2 %. La misura sul Ca è stata eseguita 
anche da 1.5 a 5.0MeV. Le fluttuazioni osservate hanno caratteristiche interpretabili in 
termini statistici.

In  a previous paper [1] we presented the results of a m easurem ent of 
the neutron total cross sections of Na, Al, Si, P, S, in the energy interval 
5.°-^-8.sM eV. T he m easurem ent has been perform ed with an energy reso
lution of 30-40 keV and a statistical accuracy of 1-2 %, in order to investigate 
the problem  of the fluctuations of fast neutron cross sections.

Since then, other A uthors have studied the same problem. Carlson 
and Barschall [2] m easured the total neutron cross section of 18 elements 
from Mg to Bi, with an energy spread of 20 to 50 keV in the energy range 
between 4.5 and 7.5 MeV, which was extended up to 14 MeV for some ele
ments. Glasgow and Foster [3] performed, with m oderate energy resolution, 
a system atic m easurem ent on 92 elements in the range 2.5-15 MeV. T hey 
also m ade a n f accurate com parison with m any (24) other previous m easure
m ents including ours, and found good agreem ent between some of their 
results and sim ilar ones obtained at Wisconsin, Los Alamos, Harwell and 
Padova. This agreem ent was considered as supporting all their results.

The presence of strong fluctuations renders the m easured cross section 
values largely dependent on the experim ental neutron energy spread [1]. 
It is therefore im portant, when one needs accurate cross section values, to 
use smalli energy spreads. Therefore, we considered worthwhile extending 
our m easurem ent [1], with the sam e energy resolution of about 30 keV, 
to  other elements. In  this paper, we present the results relative to the natural 
elements Mg, Cl, K, Ca. W ith the elements previously reported [1] all natural 
elements having 11 <  Z <  20 have been studied with the only exception 
of Argon. (*)

(*) Nella seduta dell’8 aprile 1972.
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The m easurem ent has been performed, as in References [1] by means 
of the transm ission m ethod. Neutrons were used which were produced at O0 
by the p , t  and d  , d  reactions in th in  gaseous targets, at the 5.5 MeV V an 
de Graafif accelerator of Padova. The neutron detector, located 3 m  from 
the neutron source and 2 m  from  the sample, was a plastic scintillator N E  
102A, 5 cm wide and 2.5 cm thick, seen by a 56AVP photom ultiplier. The 
time-of-flight technique has been used, by pulsing the beam  at few nano
seconds a t the frequency of 3 M hz, to reduce the neutron and gam m a rays 
background.

T he energies of the neutrons were calculated from  the known proton 
and deuteron energies, tak ing  into account the energy lost in the target. The 
uncertain ty  on the neutron energy, m ainly due to the uncertain ty  on the 
thickness of the 1 p.m Nickel foil closing the target, is evaluated to be around 
io ^-2 o k eV .

T he neutron energy spread has been evaluated to be 30-^40 keV, the 
m ain contribution being due to the finite target thickness.

T he data  were taken in steps of 25 keV, in the interval 5.0— 8.5MeV; 
for Ca the m easurem ent was extended also to the interval 1.5 -7- 5.0MeV. 
The counting statistics were such as to allow statistical errors between 1 and 
2 %. The data  were corrected for the background, m easured by m eans of 
a long iron shadow bar, the correction being less than  2 %. T he correction 
for the dead tim e of the electronics had an average value of 2 %. No correction 
was carried out for the in-scattering effect, because it was negligible.

T he sam ple used had the following characteristics:
Magnesium-, cylinder of metal, chemical purity  99.5 %, diam eter 2.5 cm, 

length 8.8 cm, num ber of atoms per square centim eter in the axis direction, 
n =  3 .780-io23 cm-2.

Potassium-, cylinder of m etal, purity  99.9 %, diam eter 2.5 cm, length 
19.11cm, n =  2.532 • io23 c m '2, contained in a very light alum inium  can 
to avoid oxidation.

Calcium-, cylinder of m etal (purity  better than  99% ), diam eter 2.5 cm, 
length 15 cm, n =  3.446 • io23 cm-2, contained in a very light alum inium  can.

Chlorine-, cylinder of KC1, pu rity  99.7 %, in very fine powder, pressed 
in a light alum inium  can equal to the one used for K, « =  2.532- io23 cm“2. 
The chlorine data  have been obtained by subtracting the potassium  contri
bution from  the m easurem ent of the transm ission through KC1.

In  fig. I the m easured cross sections are graphically presented versus 
energy. T he Cl and K  points are each the average of three contiguous values. 
The num erical values have been sent to “ ENEA , N eutron D ata Com pilation 
Centre ” , Paris. T he agreem ent with the A uthors of References [2] and [3] 
is good if one takes into account the different energy resolutions.

T he general behaviour of the fluctuations of the elements studied here 
is not different from those quoted before. These new data  therefore confirm 
the conclusions previously reported [1, 2, 3].



Fig. I. The totai cross sections of Mg, Cl, K, Ca, versus the neutron energy.. The neutron 
energy spread, indicated by triangles was 30-40 keV. The points relative to Cl and K. are 
obtained by averaging three contiguous values of the measured cross sections. The statistical

errors are 1-2%.
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W e w ant to em phasize here two final rem arks which seem to present 
a peculiar evidence.

(i) W hen the fluctuations are large, the optical model is able to repro
duce the gross behaviour of the cross sections, only when they  are averaged 
on very wide energy intervals.

(it) Assum ing a statistical origin for the fluctuations the variance 
around their average value, as expressed by Ericson [4], should depend 
on the weighting factor i/[2  (2 I +  2)]2 where I is the ground spin of the 
target nucleus. L im iting our rem arks to the elements investigated by us, 
having 11 <  Z <  20, we note th a t Mg, Si, S, Ca have spin zero, P spin 1/2, 
Na, Cl, K spin 3/2, Al spin 5/2, taking the spin value of the m ost abundant 
nucleide for the polysotopics natu ral elements. From  the figures presented 
here and in our previous work [1], it is evident th a t the elements showing 
larger fluctuations are Mg, Si, S, Ca. Therefore, our results favour the 
assum ption of the statistical natu re  of the fluctuations.
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