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The 201am total aml fission cross sections have been measured in the resonance re-
gion, using the 60 MoV Saclay linae as a pulsed neuiren source, The resonance paramelers
ebtained by a single level shape analysis of the travsmission data are given for (69
tevels up to 150 oV neutron encrpy. The tiean level spacing, corrected far 18 2 of missed
resonanges in the O to 50 eV energy tange, is (.55 = 0.05) ¢V. The s-vave ncutron
strenpth functien value, in the © to 150 €V e¢nergy range, is cqual to (0.94 2 ¢.0%) 1075,
The average radiation width obtained from 43 resenances is (43.77 2 0,72) meV. Only pre-
liminary results of the fission expericint are availabie now 3 38 fission widths are
given up te 32 ¢V neutron energy, with the average value <T¢» = 0,23 meV ; the statis-
tical distribution of these fission widths cerresponds to a X2 law with & degrees of
freedom. An area analysis of the Los Alamos fission datal has also been done, [rom vhich

we obtain 36 Py values in the 20 eV to 50 eV crergy range ;
“«Tg» = 0.52 meV 3

value

is 4

the corresponding average

the statistiral distribution ebeys to a X< jaw vith 15 de~

grees of freedom, in desagreement with the Saclay jesults.

and Analvsis

Experimental Conditiuns

The total cross scction has been obtained up to
} keV neutron encrgy from the transmission measurements
of three sanple thicknesses of americium oxyde :
: 0,63 plen? and (0,63 + 1.24) = 1.87 glem?.

Il
0.1§ glem<
Three series of measurement were performed

the {irst

at a 17 m flight path and Lhe others at a 53 m flight
path. The main characteristics of cach series are given

in the tsble

vas 0.8 ns/m.

Table

1. The best nominal resolutieon achieved

. 150
Energy Channel Electron Flight Sample
range width burst path thickness
(eV) {ns) | width {ns)] lencgth (m) (g/cmz)
0.8-3.5 640 -
3,5-8.8 azo 0.1B,0.83
and 1.B7 100
8.8-20 160 100 17.9
20-27 80
T 27-50 80
90-150 100 53.4 1.87
LjSG-lDOO 50 10 53.4 1.87 50

Methrd of Aunalysis

A shape onalysis of the experimental data has been
done up to 130 eV neutron energy by a least sguare fit
(the code used is deseribed in referesce 2), which
gives the energies, the neutron widths and the total
widths of the resonances. In this shape analysis, the
theorctical funetion is a sum cf single level Breit-
Wiguer formulae breadened by a gaussian Deppler func-
tien and by a gaussian resolution. Such a [ormulation
of the eross section gives a good representation of the
resonance shape since the interferences in the fissiom
channels are negligible (very small value of the fis-
sion widths}. The UDoppler width is taken equal to
0.020% ¥E (E evergy of the incident neutron) with an
accuracy better than 2 Z. The parameters obtained by
this analysis are given in table 2. 1w this table
4(2gTH)| corresponds to the statistical error ard
A(2gThJ9 to the systematic error due to the background
evaluation ; A(FY) is a statistical error,

Level Spaci nps

A nurber of 189 resonances is identified in the O
to 15C eV encrgy range {including the resonances at
0,308 eV and 0.%76 o\,

Eev

Figure | shows the cumulative sum of the number of lev-—
els N versus the neoutron encrgy E, in this enargy

range ; beyond 50 ¢V the variation of N is not lineay ;
there is a loss of resonances due to the increasing
Doppler and resoluticon widths. Se, a statiscical 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 obscrved mean spacing is equal te 0.65 eV.
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Figure 2 shows the corresponding distribution of the
level spacings ; the dashed line represents the Wigner
distribution {two populations with spiu and parity

J* = 27 and J7 = 17) normalized to the area of the ex-
perimental histepram. Therv I8 ne agteenent Letuveen the
theoretical and the experimental distributions, vhich
is an wsual result for a2 nueleus with sueh a small lev-
el seacing i the_same hind of discrepancy is obscerved
for 3%, 235, :0py, 2Vyp ... and is mainly due to
the resonance overlap hidding the small resonances,
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Keutron Widths and S-Wave Streapth Functian

The distribucion of the reduced neutron widehs for
resanances between O and 50 eV agrees relatively well
with the Porter~Thomas law, if one assumes that about
15 Z of levels are missed, correspending to I'® values
smaller than 0.1 timcs the mean value. n

The strength function 55 is evaluated by the rela-
tion :

R,
2grn(h)

E
l : %= 1 2E, - E)
: E1 2 1
the value obtained is nor affacted by the missed levcls
since in the shape analysis we take into account the
total arca of non resolved resonances. We obtain :
5o = (0.75 # 0.12)10% in the 0-50 eV energy range and
8o = (0.94 1 0.09)10"4 in the 0~150 oV energy tange,

G.G. SLAUGHTER et al.% give a value of
(1.1 £ 0,2)10°4 from =n area analysis of the total .ross
cross section as measured by BLOCK et n1.5. up to about
45 e¥. 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
wvhich SLAUGHTER proposed I, values abour ten times
greatet than ours,

Capture Ridths

. The capture widths T, have been obtained for a
large number of resonances by the relation 3

ry = I = 2gF,, assuming that T and Ty are small
evough, Up to 50 ¢V neutron energy the IY values are
obtained witly a relatively pood accucacy ; beyond, the
values are much rnore scattered, due to the facts that 3
i) the shape analysis cannot give accurate values of T
whett the Doppler and the reseolution {un¢tion widths
are too larpe compared to T 3 ii) the probability of
observing unreselved resonances increases with cnergy,
likewise the probobility of observing abnormal large T
values, The weighted average value in the D to 40 oV
energy interval s @ <> = (43,77 & 0,72) zeV, vhizh
is mainly due to the very accurate values in the 0 1o
10 e¥ enerpy interval ; a correction of 0.20 meV has
been applicd to the average value to take into ac-
cuunt the fission widths.

Atteptl 1o Determine the Number of Missed Levels

The examination of the level spacing and neutron
width distributions shows that 15 Z to 20 % of levels
are missed in the experinental cross scction. A more
precise vvaluation of the number of missed levels has
been done by a Monte-Carlo rethod. Table 3 shows the
results obrained for % calculated cross svecions in
the O to 50 ¢V encrgy range, which are supposed to
have the same statistical properties as 24lam.

Table 3
NOD VY[R D en) N s
N
1 81| 0.61 67 0.74 17 %
2 a8 0.51 79 0.63 20 %
3 84 1 0.60 70 0,71 17 %
1] 88 0.57 74 0,67 e 2
5 89 { 0.56 74 0.67 I6 2
.6 102 0,49 80 0.62 22 %
7| B9 | 0.56 73 0.70 18 2
ge 95 { 0.52 75 0.67 21 z
9 91 0.54 72 0.68 21 7
N = number of levels for the caleulated
cross section.
Nobs = number of observed levels.

The cases n® &4, 7 and 8 have been particularly
studied ; from a total number of 272 jevals, 222 are
observed, which means |8 % of missed levels ; che 50
non observed resonances correspond to 1l doublets (4 3)
with large T3 values and 39 (14 %) with TQ values less
than 0.1 <T@ ; 13 % of the missed level spacing are
smaller than 0.4 <D=,

The conclusion is : the observed mean spacing has
te bo corrected for (18 * 4) I missed rescnances ; tken
the t/pght value of the average spacing would be :
<D» = (0,55 % 0.05) eV.

Fission Cross Section Measurcments. Preliminary Results

Experimental Conditions

Duc to the strong o activity of za'Am, a fission
fragment detector is mot suitable for such measurcment.
We have built a new detector based on the fission neu-
tron detection, using NE 213 as liquid sciptillacor.
The y-~ray pulses arc eliminated by a pulse ghape dis-
crimination method.® The rejecting rate for y-ray
pulses was 107, Ap anti pile uy system has been used
and only isolated pulses in I ys interval are taken in-
to account. The detector has a cylindrical geometry and



containsg 45 litets of liguid in 4 eptically indepuen-—
dent parts, each part being vicwed by a XP 1040 photo-
maitiplier. Intetnal shielding of lead aund natural bo-
ron was used to protect agiinst a large fraction of
the y-tays coming frowm the sampie, and ageinst neu-
trons thermalized in the liquid and backscattered. Due
to the anti pile up systein, the efficiency of the de-
Lector depends on the activity of the sanple § ior
240am, it §s abeust 8 %, The enerpy threshuld for the
detection of fission peuttous is 500 keV, and the time
resolution 5 ns,

The results given in this rection concern only o
preliminary experiment, fot which the experimental
conditions are these shown in Table 4.

Table 4
tnergy TOF linac electren pulse
range analyser | width : J00 ns
_ki(n\) width (ns) Trequency pulse 1 500 Ha
0.6-3.8 500 Sample thickness @ 0.17 gf'cm2
3.8-9.7 “00 Counting-rate : 10 Lissions/h
9.7-23.6 200 in the 5.4 ¢V 1 ance peak
26, 6857 100 in the 5.4 eV resonance pea
86,7=152 50 Experiment duration : 200 h
Results

The normalization has been done in relation to the
BOWMAN results’ (spark chamber measurement) which were
normalized te the vatue of 3,.13b at 0.025 eV neutren
cnergy ; the resonance areas were compared for 11 lev~
els up to 15 eV ; a good agreement can be obtained for
7 resonances, bur not for the resonances at 3.97, 4.97,
6.12 and 9.11 eV for whieb the areas obtained irom the
patrameters published by BOWMAN are about ten times
smaller than curs. Nevertheless, there is no appavent
discrepancy in the fission cross sections in the vicin-
ity of these resonances. The origin of the disagrcement
has to be find in some mistake in the resenance analy-
. 8is,

npober of ehannels contributing to the
threshold fission, which is not iopassible, since the

241

d .
“*iam compound nucleus is and odd-odd one.

Am sub=

30

Y
]

n

NUMBER OF LEVELS

1 L

Table 5 ~ Fission widths {rom Saclay data.

E T; E Ty E rE
1.7R 0,37 IN,12 DL.14 ) 24,10 8,16
1.93 0.0R [ 10,40 0,05 } 25,63 0,29
2.37 CLlR [ 0,9y 0,1% | 26,50 0.05
2.60 0,17 ] 12.83 0.04 | 26,67 .19
3,97 0.6 | 14, pR 0,27 ] 28.3A D16
L.97 N, [ 15,649 3.10 | 2,90 n. 1A
S.672 0.03 l4. 29 0,11 | 2¢.50 0,10
bel2 D,62 | 14,85 0,321 21.25 D.27
GaTL 072 | 11473 0,30 | 32.0% DL2R
Tobh 010 P 19,64 5,03 | 45,94 0.5)
AL17 012 [ 21,74 0,27 | 38.37 0,30
Gell OL1F | 23,00 0,27 3 39,57 0,23
YRS 0,95 | 23,34 0,17

Table 5 shows the Ty values obtained for 38 reso-
nances up to 32 ¢V ; these values were calculated by
Tg = Du(Ap/Ac) 5 Ap and A[ are the {is-
sion and the toral areas ; T and Ap correspend to-the
parameters of Table 2. The average fission width is :
<T¢> = 0,23 meV, The integtal distribution shown in

the relation :

figure 3

is well represented by a X2

law with 4 de-

grees of frcedom. That mean that there is a quite large

i
0.5

SQUARE ROCT OF FISSION WIDTHS

Fig.

The Fission Widths Deducecd

3

of the Los Alamos Fission

Crass Section! in the 20

eV _to 50 ¢V Energy Range

Mo [issicn widths have
from the Los Alamos fission
these data (provided by the
20 &V and 50 ¢V

been published up to now
data. We have analysed
CCDN at Saclay) between

. Tatle 6 shows the fission widths we

Table 6 - Fission widths from Los Alamos data.

E FE E FI E Ff
27«15 0,67 A0LEZ2 120 4007 0,79
23.0% 0,37l 9t ng 0Ls1| an.al rLaa
23,34 0421 Ila25 D57 «3.29 D.35
Phel9 DGR 32.03 0.56 | 43,57 0.4Y
PRa63 0L82 | 34.03 0.22 | 46.07 D27
AheB0 NGGT | Bbdibe N T4 | GALHT O.78
Phefil D, 40 A ,93 Nl | 4 R .75
27.571 2.56 ] 35,49 0.35 | 4R, 16 D.4&Y9
2T7.73 0ub4 35,75 0.57 | 49,33 N.ha
2Re35 D55 ] 36,99 Doan | B0, 2R 0,37
PRLEO 0,34 | IPLAT Dub3 | 6N,66 0,47
20.50 0.45 | 39,62 A.06 ] 51,98 0,348




abtained for 34 resonances. The correspending averape
value is 1 ﬁff) = 0,52 meV, whicl 14 larper than the
Saclay avervape value by a facter 2,3, The distribution
of these fissjon widths is shown in [igure 4 ; it cor-
responds Lo o 2 Yaw with 15 degrecs of {recdos, not
in agrecment with the fission channel theory.
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The discrepancy between the averape fission
widihs could be explaingd by 2 defect of normaliza-
tion., As a matter of fact, the fission integral in the
22,5 eV to I8.7 ¢V e¢nergy vange is cqual to 2.J0b-eV
2.EC0h-vV or 0.48b-eV vhen evaluated {rowm Saclay,
BOWMAN or Los Alamos data, which means that po severe
discrepancy would appear in the average fissicn width
it the los Alamos results were rencrmalired to the
Saclay or BOWMAN datda. But such g renermalirzation will
not change the shape of the Los Alamns fissicn width
distribution ; particularly, the nurber of degrees of
frecdvm will remain the same. Another explavaticn is a
possible contamination by capture events in the Lox
Alamos experiment | hut ro explain the observed dis-
erepancy the contamination would be relatively imper-
tant 4 we have shown oo the {ipure & how a correetion
of 0.30 meV on each fission width wvould modify the
fission width distribution, which then would corre-
spond to about 3 degrees of freedom. In this ecase, the
Los Alamos mueasured cross section would be a mixing of
43 I fission and 60 T capture {in the average) ; how-
ever this caplure contribution represents only 0.7 3
ol the total caplure.

References

1 P.A. SEEGER ¢t al., Nucl. Phys., 1967, A96, G0S.

2 P. RIBON er zl., Conf, AIEA sur les Donndes Nucle-
aires pour les Riéactcurs, Paris 1566, CN 23/71.

BSL-325, 2th edition, supplément n° 2, vol. 11I.
6.G. SLAUGHTER et al., ORNL-3085, 1961,

R.C, BLOCK et ai., OR¥L-2718, 1959,

K.B. OWLN, AERE EL/R-2712, 1958,

C.D. EOWMAN et al., Phys. Rev., 1365, 137, B326.

3
4
5
6
7




