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The 2 ' Am total and fission cioss sections have been measured in the resonance re-
gion, using the 60 MoV S.iclay linac os a pulsed neutron source. The resonance parameters
obtained by a single level shape analysis of the transmission data are given for 189
levels up to 150 oV neutron energy. The uean level spacing, corrected for 18 Z of nissed
resonances in the 0 to 50 eV energy lange, is (0.55 £ 0.05) eV. The s-vavc neutron
strength function value, in the 0 to 150 cV enfirr.y range, is equal to (0.94 ± 0.09)10-̂ .
The average radiation vidth obtained from 43 resonances is (43.77 i 0.72) BieV. Only pre-
liminary results of the fission cxpuritrint are available nov ; 35 fission widths are
given up to 32 cV neutron energy, with the average value fT{> a 0.23 saeV ; the statis-
tical distribution of these fission widths corresponds to n X2 lau with 4 degrees of
freedom. An area analysis of the Los Alamos fission data' has also been done, from which
we obtain 36 Tf values in the 20 eV to 50 eV energy range ; the corresponding average
value is : <!*£> => 0.52 neV ; the statistical distribution obeys to a X2 law with 15 de-
grees of freedom, in desagrrement with the Saclay icsults.

The Total Cross Section 'Vaf urcir.ent and Analysis

F-xpcriDPiit.il Conditions

The total cross section has been obtained up to
1 keV neutron energy from the transmission measurements
of three sample thicknesses of amcriciura oxyde :
0.18 g/cn2 ; 0.63 g/cm2 and (0.63 * 1.24) * 1.87 g/cra2.
Three series of measurement were performed : the first
at a 17 n flight path and Lhc others at a S3 m flight
path. Ihc; main characteristics of each series are given
in the table 1. The best nominal resolution achieved
was 0.8 ns/ffl.

Table 1

Energy
range
(eV)

0.8-3.5
3.5-8.8

8.8-20
20-27

27-90
90-150

150-1000

Channel
width
(ns)

640
320

160
30

80

50

Electron
burst

width (ns)

100

100

10

Flight
path

length (n)
**

17.9

53.4

53.4

Sample
thickness
(g/cm2)

0.18,0.63
and 1.P7

1.87

1.87

Method of Analysis

A shape analysis of the experimental data has been
done up to 150 cV neutron energy by a least square fit
(the code used is described ir. reference 2), which
gives the energies, the neutron widths and the total
widths of the resonances. In this shape analysis, the
theoretical function is a sum of single level Ereit-
Wigner formulae broadened by a gaussian Doppler func-
tion and by a gaussian resolution. Such a formulation
of the cross section gives a good representation of the
resonance shape since the interferences in the fission
channels are negligible (very small value of the fis-
sion widths). The Uoppler width is taken equal to
0.0209 /E (E energy of the incident neutron) with an
accuracy better than 2 %. The parameters obtained by
this analysis are given in table 2. In this table
A(2gfn)| corresponds to the statistical error and
A(2gl*n)2 to the systematic error due to the background
evaluation ; A(rV.) is a statistical error.

Level Spacings

A number of 189 resonances is identified in the 0
to 150 eV energy range (including the resonances at
0.303 eV and 0.576 cV)3.

N

ev
Fig. 1

Figure 1 shows the cumulative sum o£ the nuciber of lev-
els N versus the neutron energy E, in this energy
range ; beyond 50 eV the variation of N is not lineai ;
there is a loss of resonances due to the increasing
Doppler and resolution widths. So, a statistical study
of the resonance parameters has to be limited to the 78
levels of the 0 to 50 eV energy range ; in this inter-
val the observed mean spacing is equal to 0.65 eV.
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Figure 2 shows the corresponding distribution of the
level spacings ; the dashed line represents the Wigncr
distribution (two popul.it ions with spin ami parity
JT • 2" nnd J" » 3~) norm] ized to the area of the ex-
perimental histogram. Theie is no .1 RI cement between the
theoretical .ind tho vxporinent.il distributions, which
is nn usual result for a nucleus vith such a small lev-
el spacing ; the sane kind of discrepancy is observed
for ~n\J, 23-sL', ?41pUi ?37N., _ _ _ ;inj ;s puiniy duo to

the resonance overlap hidding the small resonances.

N
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0

WIGNER
DISTRIBUTION

3 D/<D>
Fig. 2

Neutron Widths and S-Wavc Strength Function

The distribution of the reduced neutron widths for
resonances between 0 and 50 eV agrees relatively well
with the Porter-Thomas law, if one assumes that about
15 Z of levels are missed, corresponding to r° values
smaller than 0.1 times the mean value.

The strength function So is evaluated by the rela-
tion :

».-x
- V

the value obtained is not affected by the missed levels
since in the shape analysis we take into account the
total area of non resolved resonances. We obtain :
S0 » (0.75 ± 0.12)10"

4 in the 0-50 eV energy range and
S0 = (0.94 i 0.09)10-4 in the 0-150 cV energy range.

G.G. SLAUGHTER et al.4 give a value of
(1.1 ± 0.2)IO~4 from »n area analysis of the total cross
cross section as measured by BLOCK et al.5, up to about
45 eV. This value is significantly higher than ours ;
the discrepancy is mainly due to three resonances or
group of resonances (6.74 eV ; 9.17 eV and = 43 eV) for

which SLAUGHTER proposed Tn values about ten times
greater than ours.

Capture Widths

The capture widths IV have been obtained for a
large number of resonances by the relation :

F-, • F - 2grn, assuming th.it Tn and Tf are small
enough. Up to 50 eV neutron energy the T., values arc
obtained vith a relatively good accuracy ; beyond, the
value's ore much nore scattered, due to the facts that :
i) tho shape analysis cannot give accurate values of F
when the Doppler and the resolution function widths
are too large compared lo T ; ii) the probability of
observing unresolved resonances increases with energy,
likewise the probability of observing abnoiisal lar>;e T
values. The weighted average value in the 0 to 50 cV
energy interval is : <ry> - (43.77 1 0.72) neV, which
is mainly due to the very accurate values in the 0 to
10 eV energy interval ; a corruction of 0.20 mcV has
been applied to the average value to take into ac-
count the fission widths.

Attcr.'.pl to Determine the Number ot Missed Levels

The examination of the level spacing and neutron
width distributions shows that 15 Z to 20 % of levels
are missed in the experimental cross section. A nore
precise evaluation of the number of siisscd levels has
been done by a Monte-Carlo r.ethod. Table 3 shows the
results obtained for 9 calculated cross sections in
the 0 to 50 cV energy range, which arc supposed to
have the same statistical properties as 24lAi-n.

Table 3

1
2
3
4«
5

. 6
7»
8«
9

N

SI
98
84
88
89
102
89
95
91

D (eV)

0.61
0.5!
0.60
0.57
0.56
0.49

0.56

0.53
0.54

N
ODS

67
79
70
74
74
80
73
75
72

Dnh, (cV)ODS

0.74

0.63
0.71
0.67
0.67
0.62
0.70

0.67
0.68

' obs

N

17 Z
20 Z
17 I
16 Z
16 Z
22 7.
18 Z
21 Z
21 Z

N •= number of levels for the calculated
cross section.
N . = number of observed levels.
ODS

The cases n° 4, 7 and 8 have been particularly
studied ; from a total number of 272 levels, 222 are
observed, which means 18 '. of missed levels ; the 50
non observed resonances correspond to 1 1 doublets (4 Z)
with large F° values and 39 (14 7.) with F° values less
than 0.1 <I"°> ; 13 Z of the missed level spacing are
smaller than 0.4 <D>.

The conclusion is : the observed mean spacing has
to be corrected for (18 ± 4) Z missed resonances ; then
the rr'ght value of the average spacing would be :
<D> • (0,55 ± 0.05) eV.

Fission Cross Section Measurements. Preliminary Results

Experimental Conditions

241,Due to the strong a activity of Am, a fission
fragment detector is not suitable for such measurement.
We have built a new detector based on the fission neu-
tron detection, using NE 213 as liquid scintillator.
The y-ray pulses are eliminated by a pulse shape dis-
crimination ciethod.6 The rejecting rate for y-ray
pulses was 10^. An anti pile uu system has been used
and only isolated pulses in 1 us interval are taken in-
to account. The detector has a cylindrical geometry and



con ta ins 45 l i t o i s of l i q u i d in •'« o p t i c a l l y indepen-
dent p a r t s , each par t be ing viewed by a XP 1040 photo-
n u l t i p l i e r . I n t c i n u l s h i e l d i n g of l end and natural bo-
ron was used to p r o t e c t a£.'iinst a la rge f r a c t i o n of
the "(-rays coin ing f r o u tho s a m p l e , and ag. i inst neu-
trons thermal izi'd in the l i q u i d and backsea t tered . Due
to the an t i p i l e up system, the e f f i c i e n c y of the de-
tector i lepends on the a c t i v i t y of the san.ple ; f o r
24 'Ain, it is about 8 ". The energy th re sho ld for the
d e t e c t i o n of f i s s i o n n e u t r o n s is SOO keV, and the tine
reso lu t ion 5 ns.

The r e su l t s given in th i s (.ection concern only :.
p r e l i m i n a r y e x p e r i m e n t , fo î wh ich the exper imenta l
cond i t ions are those shown in Table 4.

Table 4

lumber of channe ls con t r ibu t ing , to the Am sub-
thresho ld f i s s i o n , which is not impossible. , since the
~^Am compound nuc leus is and odd-odd one.

V.nergy
range
(cV)

0.8-3.8
3.8-9.7
9.7-23.6
26.6-86.7
86.7-152

ÏOF
analyser

width (ns)

800
400
200
100
50

l.inac electron pulse
width : 100 ns

frequency pulse : 500 Hz

Sample :hickness : 0.17 g/cnT

Count ing-rate : 10 fissions/h
in the 5.4 eV resonance peak

Experiment duration : 200 h

Results

The normalization has been done in relation to the
BOWMAN results? (spark chamber measurement) which were
normalized to the value of 3.13b at 0.025 eV neutron
energy ; the resonance areas were compared for 1 1 lev-
els up to 15 eV ; a good agreement can be obtained for
7 resonances, but not for the resonances at 3.97, 4.97,
6.12 and 9.11 eV for which the areas obtained from the
parameters published by BOWMAN are. about ten tines
smaller than ours. Nevertheless, there is no apparent
discrepancy in the fission cross sections in the vicin-
ity of these resonances. The origin of the disagreement
has to be find in some mistake in the resonance analy-

, sis.

Table 5 - Fission widths from Saclny data.

E rf

l . ? R 0.37
1.93 O . O R
?..37 O . l f
? .60 0. 17
3.97 0.16
4.97 0.'.4
5.4? o . f t 3
6.12 0.4?
6.74 0.7?
7.66 0.10
X . 1 7 0.1?
9.11 0.1»
9 . R 5 0.9S

E rf

i n . ) ? o . i <,
1 0 . 4 f i 0.06
10. 'iy 0.1'
i ? . p q o , n < >
14. 6R 0 .27
IS . t,9 0.10
1*>.?9 0.11
I h . B S 0.3?
17.73 0.. '-SO
1<3.4/ , 0.03
?. 1 .74 0 .27
2'. OK 0 .27
23. ?4 0.17

E rf

24.19 0.14
2?. 63 0 .29
2^.50 0.05
26.67 0 .19
2 H . 3 f t O . l h
2 R . 9 0 0. 1ft
29. SO 0.10
31.25 0 .22
32.03 0 . 2 R
3ft . 9rt 0 .51
3 R . 3 7 0.30
39.62 0 .23

Table 5 shows the rf values obtained for 38 reso-
nances up to 32 eV ; these values were calculated by
the relation : Tf = rx(Af/At) ; Af and At are the fis-
sion and the total areas ; f and At correspond to.tho
parameters of Table 2. The average fission width is :
<!*£> " 0.23 meV. The integral distribution shown in
figure 3 is well represented by a X^ law with 4 de-
grees of freedom. That mean that there is a quite large

SQUARE ROOT OF FISSION WIDTHS

Fig. 3

The Fission Widths Deduced of the Los Alamos Fission

Cross Section* in the. 20 cV to 50 cV Energy Range

No fission widths have been published up to now
from the Los Alamos fission data. We have analysed
these data (provided by the CCDN at Saclay) between
20 eV and 50 eV . TaHe 6 shows the fission widths we

Table 6 - Fission widths from Los Alamos data.

E r£

2?. 75 0.5"
?3.0." 0 .77
23.34 0.31
? 4 . 1 9 0 . t, t\
?^. f ,3 O . f i ?
2 '>.50 0.4?
?6. 67 0 .4<1
27.57 2 .54
27 .73 0.44
2». 36 0.55"
21.90 0.36
?9.50 0.4S

E r£

? O . K ? l . ?0
31.0? 0; 51
M . 2 5 0.57
^ 2 . 0 3 0. 56
34.03 0.2?
34.46 n. 7i
^.93 0 .41
35. 49 0. ^6
36.2e; 0 .57
36.99 0.6'.
3P.37 0.53
39.6? O . H 6

E rf

'.0.07 0 .79
'.0.41 f . 3'-
43. ?9 0.35
'•3.57 0 .49
46.07 0 .?7
46 .57 0 . ? t)
'•7.54 C . ? 5
4 R . 7 6 0 .49
^ 9 . 3 3 0.54
50. ?« 0 .37
5 H . c t. 0.47
51.98 p . 3 B



obtn iiîeJ for 36 ro s ou an ft- y , The correspond ing nvi-rap,*1

value is : <!*£> ~ 0.52 ::ii-V, vhicli is latter than th««
Suclay avevafttf value by a factor 2,3. The distribution
of those fission widths is shovn in f i pure ^ ; it cor-

fretdo:,-,, not
vi t h the f i ss ion channel theory .

0.5 1.0
SQUARE. ROOT OF FISSION WIDTHS

Fig. 4

Tlio d i scrcpancy between the average fissiun
widths could bo explained by a di'fcct of normaliza-
tion. As a ninttur of fact, th** fission integral i p. the
22.5 cV to 28.7 cV vrmrgy iniu'.e is equal to 2.3Jb-eV ;
2.60!>-i-V or 6.4Bb-eV when tvnlu.itec! from Sacl.'iy,
HOkMAN or l.of. Alamos dnta, vhich i:.oans that t»o scvcru
discrepancy would appear in the average fission width
iJ the l.os Alamos results were rcnorraal ized to the
Saclny or UOVKAN dnt.i. But such a retiortal i/jt icni w i l l
not chango tlic shape of the l.os Alamos fission widtli
distribution ; particularly, the nur.ber of degrees of
freedom will reir.ain the same. Another explanation is a
possible contamination by capture events in the l.os
Alamos experiment ; but to explain t lie observed dis-
crepancy the contamination would be relatively impor-
tant ; we have shown on the fipure 4 ho'-' a correction
of 0.30 aeV on each fission width would codify the
fission width distribution, which then would corre-
spond to about 3 degrees of fiecdon. In this case, the
Los Alamos measured cross section would be a nixing of
40 7. fission anJ (>0 T. capture (in the average) ; how-
ever this capture contribution represents only 0.7 7.
of the total capture.
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