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ABSTRACT

241Am has provided resonance parameters up

The total cross-section of
to 150 eV. The fission cross—section was measured by means of a fast neutron
detector, It provides the fission widths up to 40 eV. The results are compared

with those based on measurements made at other laboratories.

241Am was performed in order to

Measurement of the fission cross-section of
find a possible intermediate structure similar to the one present in 237Np and
several other nuclei. Since previous measurement [1] had not shown a marked effect
of this type, however, it was expected that a close analysis of the resonance
parameters would have to be made. Furthermore, these resonances, despite their
value in calculating reactors, were either well known in only a few cases or else
not properly known. For this reason we attempted to measure, successively, the
total crogs-section and the fission cross—section of 241Am, using the neutron

spectrometer installed in the AL60 accelerator at Saclay.

The total cross-section was measured between 0.8 eV and 1 keV. The
experimental conditions were described at the previous Kiev conference [2],
during which some preliminary results were presented. The analysis has now
been completely finished [3]. Table 1 shows for all the resonances identified
between O and 150 eV the following: energy E, neutron width 2 g r;; statistical
error A(2 an)l and error due to background &(2 gpn)2. Moreover, whenever it was

possible, the radiative widths ' were calculated by the difference I} = -2 grh

on the assumption that Pn and PfYare sufficiently small for the approximation
introduced by this relationship to be better than the experimental accuracy. The
values of PY as well as the statistical error AI} also appear in Table I.

Monte Carlo calculations aimed at reproducing a cross—section similar to the one
measured show that (18 + 4)% of the levels are not observed in the experimental
cross—-section. Approximately 80% of these levels are lost becauge they have a
neutron width less than one tenth of the mean width. If we take these lost

resonances into account, the true mean spacing is <D > = (0.55 2_0.05) ev.
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Measurement of the fission cross-section made it necessary to develop a new

type of detector. Indeed, the strong alpha activity of 241

Am considerably reduces
the amount of this element that can be put into an ionization chamber or a gas
scintillator. Given the poor cross~section and the flux available to us, we had
to use a sample of a few grams of americium. We therefore selected a proton
recoil detector responsive to fission neutrons and insensitive to resonance
neutrons and alpha particles. This detector consists of a truncated cylinder
holding 45 litres of NE 213 scintilating liquid and divided into four optically
independent parts. Each part is viewed by an XP 1040 photomultiplier. A tube
runs along the detector axis, enabling the americium sample to be placed at the
centre and permitting the incident neutron beam to pass through. A set of lead
and boron screens reduce the gamma radiation and delayed neutron exchange between
the liquid and samples. A pulse shape discriminator system cuts out the signals
due to gamma radiation at a rejection rate of 105 for an 800 keV threshold neutron
energy. Preliminary experiments have been made with a sample of 1.5 g of
americium oxide. Unfortunately, the reactions (a,n) in the oxide create a fast
neutron background that can only be eliminated by imposing coincidences between
two diametrically opposite parts of the detector, the disadvantage of which is
that the efficiency is greatly reduced. Under the experimental conditions
described in Table II, the count rate was 10 fissions per hour at the resonance

peak 5.4 eV,

The cross—-section was normalized to the Bowman cross-section [4] between 0
and 15 eV. Table III shows the fission widths obtained for 38 resonances below 40 eV.
They were calculated on the basis of the parameters in Table I. Matching with the
Bowman value is satisfactory for seven of the resonances and poor for four others.
In the case of resonances at 3.97, 4.97, 6.12 and 9.11 eV, Bowman gives resonance
surfaces some ten times weaker than ours, although there was no apparent dis-
agreement in the cross-sections. The fission widths have a mean value
' = 0,23 MeV with a )? distribution with 4 degress of freedom (Fig. 1). Hence,

f
there is a fairly large mumber of channels contributing to the fission below the

2Am compound mucleus; this is in fact not impossible when

threshold for the 24
we think that in an uneven-uneven micleus of this kind the transition states

should be very close together.

The results in Table I have also made it possible to analyse the fission
cross-section measured at Los Alamos [1](obtained through the Neutron Data
Compilation Centre (CCDN) at Saclay) The fission widths obtained between
22 and 52 eV are given in Table IV. Their mean value is < P > = 0.52 meV and
has a x? distribution with 15 degrees of freedom. It is d1ff1cu1t to interpret
this result within the theory of fission channels. An explanation might be found
in contamination of the fission cross-section by capture. It only needs a 0.7%

150



contribution to fission by the total capture in order to raise the mean width
from 0.23 meV to 0,52 meV. If we apply the corresponding correction of 0.30 meV
at each fission width, the number of degrees of freedom drops from 15 to 3 (Fig. 2).

In view of the above remarks, neither our results, nor those of Los Alamos,
show anomalies in the distribution of widths suggesting an intermediate structure
effect, or at least not below 50 eV. At higher energies, there is nothing to be
seen from visual examination of the cross—section, and the statistics obtained in
this initial experiment are too poor to permit analysis in terms of resonance

parameters.

It should be stressed, however, that although this experiment has enabled us
to measure a certain mumber of fission widths, its aim was basically to verify,
under particularly stringent experimental conditions, the capabilities of the
fission neutron detector. Since the latter justified the hopes that had been
based on it, it would be interesting to remake the measurement, using a sample
of americium metal enclosed in a box made of a material with a high atomic mumber.
The detector, then rid of neutrons produced by reactions (a,n), would be able to
operate without coincidences. The resulting gain in the detection efficiency would
thereby make it possible to work with longer flight distances apd to expand the

energy analysis region.
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CAPTIORS TO FIGURES

Fig. 1 Number of resonance for which Y I'f is higher than the value

given on the abscissa (this experiment).

Fig, 2 Kumber of resonances for which V.l'? is higher than the value given
on the abscissa? (a) analysis of data from Ref. [1]; (b) previous
results after subtraction of 0.30 meV.
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CAPTIONS TO TABIES

241

Table I: Resonance parameters for Amj

Table II: Experimental conditions for measuring the fission croass-section;

241

Table III: Fission widths for Am}

Table IV: Fission widths derived from data given in Ref. [1].
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Fig.:2
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Table I

(continued)
290 [ Alaf) | AGeRK | T af, € 20 1A(4LY | 2QR2eT) ) 6 aty

(t\l’ (meVv) (mV) (™ev) eV} (V) {eV) {ve¥) {(™aev) Cmev) (V) =)
64.539 1.954§ 0.052] 0.025 | 3R.3 ] 9.2 ll106.3986] 3.352] 0,180} 0.054

65.266] 5.187] n.0e2) 0.109 49,7 3.7 f1o7.5615] 1.925]| 0.032] n.019

65.733] 1.090] 0.044]| G.010 | 18.8 | 14.0 |l 109.824) 3.256 ] 0.144 | 0.042

66.314] 1.036 ] 0.052]| 0.010 ) 75.2 ] 19.6 {|110.093] 3.337| 0.144 ]| 0.04¢3

66,8761 2.105] 0.044| 0.025 | 71,9} 8.1 {{111.170{ 0.37%| 0.059] 0.003

68.525] 0.231 0.019| 0.003 111.627) 5.200] 0,102} 0.068 | 94.3 110.4
69.585] ).116 ) 0.051] 0.013 112.752} 0.414] 0.022} 0.003

69.824 ) 2.661} 0.053| 0:040 ' 113.270} 0.300

7t.253} 0.583 ] 0.085] 0.006 113.907} 1.741 | 0.07A} 0.014 7.6 | 23.0
71.4563} 1.109{ 0.079] 0.011 llls.o»c 1.800 ] 0.081 | 0.014 79.3 [ 23.8
71.k21 ] 1.034 | 0.025] c.010 115.777} 0.7011} G.049 | 0.06G4

72.276 § 0.226 | 0.0211{ 0.001 116.396{ 2.623 | 0.081 | 0.023 ] 42.0 l15.8
74.969 | 0.281 | c.020{ 0.004 117.656} 0.030

75.715) 0.378} 0.034) 0.003 118.522) a.806 | 0.046 | 0.005

75.943 | 0.515 | ©0.027} 0.003 119.823] 2.2371 0.131 | 0.022

76.779 ) 0.109 126.123] 1.930} 0.131 ]| 0.026

78.191 | 1.2R”6 | 0.099] 0.015 | 10.3 {17.4 fi121.982] 3.216 [ 0.138 | 0.033 34.9 {19.0
T7R.551 ] 1.179} 0.105] C.011 | &0.8 | 26.0 1122.662] 3.893 | 0. 222 | 0.000 | 64.2 [27.8
79.%55 ) 0.730 | n.023{ 0.005 123.243] 3.534 ]| 0.146 } 0.025 $h.3 }20.5
RO.G50 | 0.546 ] C.029) 0.004 126.9456] 1,620 | 0.054 { 0.013

B0.393 | 0.588 | 0.029] 0.004% 125.A19) 1.035 ] 0.055 | 0.007

21.071] 0.106 | 0,039 . 126.441] 2.035 | c.057 { c.017

f1.4%8 ] 1.062 ] 0,081 | 0.008 [104.6 { 35.0 |[127.215{ n.250

82.0R9 | 1.45¢ ) 0,054 | 0.015 | 26.7 | 14.0 {[127.994] 1.65R { n.056 | 0.013

82.920 ] 0.429 | 0.024 | 0.003 129.677) 0.225 0.002

83.370{ 0.431 { 0.024 | 0.003 130.720) 1.358 | 0.072 |} 0.009

84,006 | 1.456} 0.027) 0.015 | 38.1 8.7 f1131.319] 3.121 ] 0.132 | n.032 S6.0 |23.2
P4 koS | 2,141 0,026 ) C.022 132.1R0} 0.£75 | 0,062 | 0.006

86.610] 0.225{ 0.025 | 0.001 132.754] 1.189 | 0.059 } 0.008

FT.%81 ] 0.1256 | ©.029 ) 133.657] 1.78r¢ 1 0.100 | 0.014 | 52.1 [aon.s
57.9%4 | 3.928{ 0.053 ) 0.055 | 70.7} A.3 {{134.267f 8.015{ 0.317 [0.104

£9.297 | 0.332 | 0.041 | 0.002 135.449§ 4.131 | 0.3¢8 | 0.062

AG.602 ( 2.364 § 0.093] 0.024 | aa.7 ['16.1 1136.435) 5.757 ] 0.145 | 0.068 | 45.7 }12.1
93.412] 6.296 | 0.055 0.115 } 53.7{ &.¢ ||137.103} 1.294 | n.077 | 0.009

94.610] 0.754 | ¢c.030 ) 0.006 137.613] 1.628 | 0.084 | 0.012

95.2a5 § 0.360) 0.035] 0.003 13A.774}] 3.RR6 | 0.108 [ 0.040 | 40.6 {15.4
95.686 | 2.863 ] 0.0t | 0.03% 139.9/3] 1.253 { 0.071 | D.0CA

96.100] 2.506 | 0,048} 0.037 140.498| 2.435 | 0.073 {0.021

946.450 | 2.r34 | 0.052| 0.035 121,310} 4.229 | 0.108 | D.0%5
97.42310.277} 0.030{ 0.001 141,520} 3.256 ] 0.106 | 0.039

9,356 ] 0.265 | 0.030| 0.001 143.035) 0.331 | 0.046 | 0.002
100.156 1 1.075 |} 0.033} 0.009 1464.R69] 1.421 | 0.068 | 0.010
101.598 ] 2.R25 | ¢.053} 0.028 { 51.1 |10.0 {l145.23R] 0.350

102.555 ] 0.248 ] 0.035 | 0.001 146,436} 1.739 | 0.070 | 0.012
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Table IT

Ener?y limits Cl}a.nnel 1e1:1gth for - Accelerator pulse width;
eV time~of-flight sector 100 ns
- Repetition rate - 500 Hz
0.8 - 3.8 800
3.8 -~ 9.7 400
9.7 - 23.6 200 By %1524; path lengths
23.6 - 86.7 100
86.7 -~ 152 50 ~ Accumulation times: 200 h.
Table III
E r | = r E y
(ev) (mév) (eV) - (mfeV) (eV) (thev)
1.28 0.37 10.12 0.16 1 24.19 0. 14
1.93 0.08 10. 40 0. 06 25.63 0.29
2.37 0.18 10.99 0.13 26.50 0.05
2.60 0.17 12.88 0.06 26. 67 0.19
3.97 0.16 14,68 0.27 28.36 0.16
4.97 0.44 15.69 0.10 28.90 0.16
5.42 0.63 16.39 0.11 ©29.50 0.10
6.12 0.42 16.85 0.32 | 31.25 0.22
6.74 0.22 17.73 0.30 32.03 0.28
7.66 0.10 19. 44 0.03 36.98 0.51
8.17 0.12 21.74 0. 27 38.37 0.30
9.11 0.18 23,08 0.27 3962 0.23
9.85 0.95 23.34 0.17
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Table IV

E Ly E r E T
(eV) (lev) (V) (mev) | (ev) (cheV)
22.15 0.58 30. 82 1.20 40. 07 0.79
23.08 0.77 31,02 0.51 40. 41 0. 34
23.34 0.31 31.25 0.57 43.29 0.35
24.19 0.48 32.03 0.56 43,57 0.49
25. 63 0.82 34.03 0.22 46.07 0.27
26.50 0.47 34.46 0.74 46.57 0.28
26. 67 0.48 34.93 0. 41 47.54 0.25
27.57 2,54 35.49 0. 36 48.76 0.49
27.73 0.44 36.25 10.'57 49.33 0.54
28.36 0.55 36.99 0,66 50.28  0.37
28.90 0.36 38.37 0.53 50. 85 0.47
29.50 0.45 39.62 0.56 51.98 0.38
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