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Neutron transmission measurements have been made on natural
antimony, natural cerium, separated isotopes 8§b-121, Sb-123, and
Ce-142 at the TOF facility of the Japan Atomic Energy Research Institute
linear accelerator. Resonance parameters are determined on many levels
of Sb-121 and Sb-123 up to 5.3 keV, and Ce-140 and Ce-142 up to 50 keV.

S-wave strength function S and average s-wave level spacing D were

0!
deduced as follows:

121y, Sy = (0.24 2 0.03)x10™ " for 188 levels below 5.3 keV
D= 10.3 * 0.5 eV E < 0.6 keV

123, 8, = (0.25 = 0.03)x10™ % for 202 levels below 5.3 keV
D=20%1 eV E < 1.3 keV

140ce. Sy = (1.6 * 0.5)x10™" for 15 levels below 50 keV
D= 3.5 * 0.8 keV E < 50 keV

142Ce: S0 = (2.7 £ 0.6)x10 " for 38 levels below 50 keV
D=2.32%2 0.2 keV E < 10 keV

Keywords: Neutron Cross Sections, Time-of-flight, Transmission

Measurements, 121’1235b, lZ‘O’U‘ZCe, Strength Functions

Average Level Spacings, Resonance Parameters
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1. Introduction

Neutron cross section measurements have been continued for
more than four decades with a strong demand from reactor
technology. In the low energy region, neutron cross sections
for medium and heavy nuclei are characterized by fine structure
resonances. It 1is quite well established that average cross
sections and average resonance parameters are described by optical
model, and distribution laws of level spacings and that of widths
by random marix theories.

However, there are experimental evidences which show deviation
from those predictions. One example is existence of intermediate
structures; enhancement of resonance strength in the certain
energy region. These intermediate structures are often reported
in light nuclei as well as in the vicinity of neutron magic
nuclei. In 140Ce(N=82) and its neighbouring nuclei, intermediate
structures are reported.l’Z) So it is interesting to measure the
resonances 1in 140ce angd 142ce in wide energy region.

Another example is properties of resonance level dispositions,

which seems to show a regular level seguence. These sequential
level structures are observed in the variety of nuclei; a
typical simple sequence in 1235b was reported previouslyS).

These two features seem to be interrelated with each other; the
resonance levels locok like to dispose around large resonances
with regular level spacings. It i1s one of the interesting problem
how to explain structures of highly excited nuclear states.

For +these reasons we measured the resonance parameters on
antimony (Z=51) and cerium(Z=58).

The major previous data on antimony resonances are as follows:
Wynchank et a1.4) of Columbia University reported in 1968 the
resonance parameters of natural antimony up to 3 KkeV by the
transmission measurements. Muradyan et a1.5) of Kurchatov
Institute reported in 1968 the resonance parameters of 1218b up to
2.5 keV, and 1238b up to 4.1 keV by transmission and capture
measurements on separated isotopes. The present authors made
transmission measurements on natural antimony up to 1.4 keV in
19756). At that time it was reported that in many nuclei incliuding
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123Sb, the resonance levels prefer equidistant dispositions with
unit spacing of 5.5 or 11 eV or its Integer multiples.s)

The previous data on cerium are as Tfollows: The mneutron
transmission measurements on 140Ce have been made by Camarda to
240 keV,l) and the capture measurements by Musgrove et al. to 63
keV.T) On the other hand, the resonance parameters of 142c¢  are
poorly known, although measurements were made by Newson et al.in
1959,8) and Vertebny et al. in 1970.9) Cerium isotopes situate
at a steep slope of the 4s peak of s-wave strength function. 1In
addition, 140¢e is a neutron magic nucleus(N=82). For the applied
purpose, cerium is included in the 6Li—glass neutron scintillator
as an activator{atomiec ratio fle_S), so 1its cross section,
especially at an 1.2 keV resonance regilon, 1is important for
accurate efficiency calculations. Also cerium isotopes are
fission product nuclei, their cross sections are related to

reactor design.

We have made a series of transmission and capture measurements
using a TOF facility of the JAERI 1linac, on many elements
including separated isotope samples during period from 1882 to
1986. Resonance parameters and total cross sections deduced have
been sent to NEA DATA BANK, and are compiled in a reference data
book, "Neutron Cross Sections", Vol 110)and Vol 2 11) A part of
work on antimony was reported in a progress report,lz) and that
on cerium was already published in the proceedings of the

Int.Conf. on Nuclear Data, held at Santa Fe in 1985.%3)

2. Measurements and Analyses

Transmission measurements were carried out at a 47-m TOF
station of the JAERI electron 1inac,l4'15) a bird's eye view of
which is shown in Fig.l. The linac produced pulsed electron beam
of which energy was 120 MeV, peak current ~3A, pulse width 25ns
and repetition rate 600 pps. Neutrons were produced at a water
cooled tantalum target bombarded by the electron beam, and were

moderated by a surrounding moderator. The target-moderator system
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123Sb, the resonance levels prefer equidistant dispositions with
unit spacing of 5.5 or 11 eV or its integer multiples.3)

The previous data on cerium are as follows: The neutron
transmission measurements on 14OCe have been made by Camarda to
240 keV,l) and the capture measurements by Musgrove et al. to 63
keV.7) On the other hand, the resonance parameters of l42€e are
poorly Known, although measurements were made by Newson et al.in
1959.8) and Vertebny et al. in 1970.9) Cerium isotopes situate
at a steep slope of the 4s peak of s-wave strength function. 1In
addition, 140Ce is a neutron magic nucleus(N=82). For the applied
purpcose, cerium is included in the 6Li—glass neutron scintillator
as an activator{atomic ratio -10”3), so its cross section,
especially at an 1.2 keV resonance region, 1is important for
accurate efficiency calculations. Alsc cerium isotopes are
fission product nuclei, their cross sections are related to

reactor design.

We have made a series of transmission and capture measurements
using a TOF facility of the JAERI 1linac, on many elements
including separated isotope samples during period from 1982 to
1986. Resonance parameters and total cross sections deduced have
been sent to NEA DATA BANK, and are compiled in a reference data
book, "Neutron Cross Sections", Vol llo)and Vol 2 11} A part of
work on antimony was reported in a progress report,lz) and that
on cerium was already published in the proceedings of the

Int.Conf. on Nuclear Data, held at Santa Fe in 1985.13)

2. Measurements and Analyses

Transmission measurements were carried out at a 47-m TOF
station of the JAERI electron linac,14’15) a bird's eye view of
which is shown in Fig.1. The linac produced pulsed electron beam
of which energy was 120 MeV, peak current ~3A, pulse width 25ns
and repetition rate 600 pps. Neutrons were produced at a water
cooled tantalum target bombarded by the electron beam, and were

moderated by a surrounding moderator. The target-moderator system
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is descibed in the reference 18. The pulsed neutrons traversed to
the TOF station through the evacuated flight tube. In the station,
as shown 1n Fig.2, a 6Li—glass transmission type neutron flux
monitor was placed. At 1 m downstream from the monitor, a
transmission sample was placed where the neutron bean was
collimated to 35 mm in diameter. At 1.5 m downstream from the
sample, a 6Liwglass main detector(38mm ¢x 12.7mmt, NE912) was
placed in a boron-paraffine shielding, an inner wall of which was
lined with a B4C layer of 1 cm thickness. A boron nitride Tilter
was inserted in the beam to cut off slow neutrons which overlapped
to the subsequent neutron bursts.

Toe find out small resonances, neutron capture measurements
were made with a 500 1 liguid scintillation tank, which was
installed in a 55-m TOF statioan). Neutron detection signals from
these scintillators were amplified, sorted and sent to a computer
room through double shielded <c¢oaxial cables. The neutron
detection events of the main detector were accumulated in a 4096
channel time analyzer with the minimum channel width 31.25ns. The
neutron pulses Trom the flux monitor were gated to count 1in the
energy region from 0.3 to 1.1 keV.

The accumulated data were transfered to the FACOM-U200 mini-
computer, and were finally stored in a disk memory of the large
computer FACOM-M380 at the JAERI computing center. The data
processing and resonance analyses were made through a remote
terminal at the 1linac laboratory. The conditions of the

measurements are shown in Table 1.

Sizes and thicknesses of antimony and cerium samples are shown
in Table 2. All the separated isotope samples were rent from the
Oak Ridge National Laboratory Isoteope Pool. The natural antimony
samples were metallic plates or powdef, and the separated isotope
samples were metallice powder. These powder samples were packed

in aluminum cases of 40 mm inner diameter and 10, 20 or 30 mm

l420e samples were oXxide

thicknesses. Natural cerium and
powder, were heated to 200°%C for 3 hrs. to eliminate moisture,
and were packed in the aluminum cases of the same dimension

descibed above. For the capture measurements on cerium, the oxide
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powder was packed into aluminum foils and were pressed to 69 mm

diameter and 3 mm thickness using a die.

Neutron transmissions for these samples were deduced from the
ratio of the sample-in spectra to the open-beam spectrum with the
normalization of neutron fluence, after subtraction of
backgrounds. The backgrounds in these spectra were estimated from
the counts at the black resonances of cobalt{(132eV), manganese
(337e¢V), aluminum(35 and 88 keV), and some of the saturated
resonances of antimony and cerium. To deduce the total cross
section from the transmission data on oxides , the oxygen cross

section,

Oy = { 3.85 - 0.002 E ) barn ( E < 200 keV )

18)

was subtracted, where E is neutron energy in KkeV. Energy

scale of the TOF system was calibrated using the aluminum
resonances at 5.9035 and 119.75 keV by adjusting the initial delay
time of the analyzer system. The accuracy of the neutron flight
path lerigth was less than 1X10H4. The neutron cross sections thus
obtained include the Doppler broadening and resolution broadening
due to the measureing system.

The resonance parameters (resonance energies and reduced neutron
widths) of 1218b 123Sb were deduced by analysing the
transmission data with a modified single level Atta-Harvey area
analysis program. For 140Ce and 1420e, the resonance parameters

were deduced by a multi-level shape fit program SIOBlg), and in

and

some cases a single level area analysis program.

3. Results of Analyses

3.1 Antimony

, The raw data of the neutron time of flight spectra for the open
beam (without any sample), and transmissions for the natural
antimony are shown in Fig.3, where the energy region is from 125
to 720 eV and the sample thicknesses are 5, 10 and 35 mm. The raw



JAERI-M 83-012

powder was packed into aluminum foils and were pressed to 69 mm

diameter and 3 mm thickness using a die.

Neutron transmissions fTor these samples were deduced from the
ratio of the sample-in spectra to the open-beam spectrum with the
normalization of neutron fluence, after subtraction of
backgrounds. The backgrounds in these spectra were estimated from
the counts at the black resonances of cobalt(132eV), manganese
{337e¢V), aluminum(35 and 88 keV), and some of the saturated

resonances of antimony and cerium. To deduce the total c¢ross

section from the transmission data on oxides , the oxygen cross
section,

0g = ( 3.85 - 0.002 E ) barn ( E < 200 keV )
was subtracted, where E is neutron energy in keV.lS) Energy

scale. of the TOF system was calibrated using the aluminum
resonances at 5.9035 and 119.75 keV by adjusting the initial delay
time of the analyzer system. The accuracy of the neutron flight
prath length was less than 1x10"%. The neutron cross sections thus
obtained include the Doppler broadening and resolution broadening
due to the measureing system.

The resonance parameters (resonance energies and reduced neutron
widths) of 1218b 123Sb were deduced by analysing the
transmission data with a modified single level Atta-Harvey area

analysis program. For 140Ce and 142Ce, the resonance parameters
19)
B )

and

were deduced by a multi-level shape fit pregram S10 and in

some cases a single level arca analysis program.

3. Results of Analyses

3.1 Antimony

7 The raw data of the neutron time of flight spectra for the open
beam {(without any sample), and transmissions for the natural
antimony are shown iﬁ Fig.3, where the energy region is from 125

to 720 eV and the sample thicknesses are 5, 10 and 35 mm. The raw
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data of the transmission measurements on 12lsh from 5 to 180 eV
are shown 1in ¥Fig.d4a, and from 85 to 700 eV in Fig.4b where a
level cluster is shown at about 450 eV. The observed total cross
section of 1238h from 100 eV to 1 keV is shown in Fig.5.
Resonance capture gamma-ray yvields for lzle are shown in Fig.6 in
the energy region from 140 to 570 eV.

Assuming all the levels are s-wave levels, the reduced neutron
widths were determined for 188 levels of 1218b, and for 202 levels
of 129sh up to 5.3 keV, and are listed in Table 3 and 4,
respectively. The reduced neutron widths of 121gh from 2.5 keV to
5.3 keV, and of 123gh  from 4.1 keV to 5.3 keV are newly
determined. The plot of cumulative number of levels vs. neutron
energy for 121Sb is shown in Fig.7, and for 123Sb in Fig.8,
changing cut-off values of g ﬂf as described in the previous
work.ls) From these figures, average level spacings for mixed
ensembles of s- and p-wave levels were deduced to be

121gy D = 10.3 + 0.5 eV E < 0.6 keV

123gy, D =20 +1 eV E < 1.3 KeV

1+

where the missing levels may he small in these energy regions,
Cumulative values of g gf vs. neutron energy for l2le are shown
in Fig.9, and for 123Sb in Fig.10. The s-wave strength functions
Sp were deduced to be
121gp Sg = ( 0.24
123gp Sg = (0.25

whiech are nearly the same values. There seems a bump for 121Sb in

0.03 ) 10”4 E < 5.3 keV,
0.03 ) 104 E < 5.3 keV.

t+

+

i to 3 keV region, and for 1298b up to 5 keV region an undulation
with a period of about 1 keV. The previously compiled strength
functions Tfor these isctopes are somewhat different for the two
isotopes; 0.3 +0.05, and 0.25 + 0.07, respectively.lo) By the
present measurement, it is proved that the difference is due to
the local variation of the strength functions. A similar case 1is
found in silver isotopes where the difference in previous values
of the strength functions of 107Ag and logAg is much reduced by

new measurements in a wider energy region.zo)

3.2 Cerium
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The raw data of the neutron time spectra of the open beam, and
the cerium sample-in are .shown in‘Fig.ll. The observed total cross
sections of 140, and those of 14206 were deduced from the
transmission - data of the natCe and l420e samples which contained
both nuclides in different ratios. The total cross sections of
140c0 from 1 keV to 100 keV are shown in Figs.12a to 12d. A large
resonance appears at 21.6 keV with a peak cross section 120 barn
and a neutron width 800 eV. Similarly, the total cross sections
of 14206 from 0.2 to 100 keV are shown in Figs.13a to 13f. The
peak cross section of 1.27 KeV resonance of‘l420e is observed to
be 2000 barn, and the potential-resonance interference minimum is
observed at 600+100 eV, as shown in Fig.13a. In addition, very
small levels, which are probably p-wave, are observed by the

capture gamma ray detection with the 500 1 1ligquid scintillation

tank, six 1levels in 140Ce and twelve levels 1in l420e. The
capture raw data for the 142Ce and-natCe samples are shown 1In
Fig.14.

The reduced neutron widths of 140Ce were deduced for the 15

levels up to 55 keV and are listed in Table 5. They are in good

agreement with the previously reported Values.l’T) For 142Ce the

reduced neutron widths were deduced for the 38 levels below 50
keV, and are 1listed in Table 6. Most of them are newly
determined. In Fig.15, a curve fitting to the transmission data by
the SIOB is shown for resonances of 142c6 from 20 to 37 keV.

The plots of the cumulative number of levels vs. neutron energy

for _l4OCe is shown in Fig.16 and for l420e in Fig.17, changing

the cut-off value of Ef. From these figures, the average level
spacings for probable s-wave levels are deduced to be
140¢e Dy = 3.5 & 0.8 KkeV E < 50 keV I° > 50 meV
142¢e Dy = 2.3 + 0.2 keV E < 50 keV [° > 50 meV

If all small resonances {(probable p-wave) are included, the

average spacing of 14206 becomes 0.45 + 0.1 keV.

rThe plots of the cumulative values of ﬂf vs. neutron energy for
14OCe are shown in Fig.18, and for 14206 in Fig.18. For 140C€, it
is difficult to deduce definite value of s-wave strength function

Sg because of uncertain treatment of the large resonance at 21.6
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keV.
If the 21.86 keV resonance is excluded, the s,y value is
140¢e sp = (1.2 + 0.4) x 1074 E < 50 keV
If the 21.6 keV resonance is included, S, becomes to be
14044 sg = (1.6 £ 0.5) x 1074 E < 50 keV
Tt is interesting that sy below 20 keV is about the same value to
that 1in the region above 22 KeV, as shwon in Fig.18. Camardal)

reported that the s, value is nearly constant of 1.1 X 10_4 in
the energy region from 22 keV to 250 keV, excluding the 21.6 KeV

resonance.

For l42Ce, the s-wave strength function is estimated from Fig.19
to be

142¢e sg = ( 2.7 0.6 )x10™% E < 50 keV
This value is about 2 times larger than that of 140Ce. The sg
values add new data points which depict the 4s peak of the

strength function.

4.Discussions

The prominent property of the 21.8 keV resonance of 14009 in
the _compound -nuclear state of 141Ce may be due to N=82 closed
shell effect, where the residual interaction is so weaK that a
simple structure 1is still remained even above the neutron
threshold. For 1%42ce there seems leaps at 1.3, 24, and 43 keV,
indicating strong levels at these energies. Similar anomalous
leaps are found in the vicinity of the neutron closed shell
nuclei, such as 81Br21), 87Rb15), 139Laz),l4lpr4), and many Pb

isotopes.

From the effect of the leap in the strength functions of 14OCe,
it may be suggested that regular level series for the s-wave
levels in 149Ce can be found around the 21.8 keV, as shown in
Fig.20. Although the decomposition is not unique, some series of
spacings 3.5--6.6--5.5--8.68--3.5 (keV) or its fractions appear
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keV.
If the 21.6 keV resonance is excluded, the sy value is
140¢e sp = (1.2 & 0.4) x 1074 E < 50 keV
If the 21.8 keV resonance is included, Sy becomes to be
140¢e sp = (1.6 & 0.5) x 1074 E < 50 keV
It is ‘interesting that S0 below 20 keV is about the same value to
that in the region above 22 KeV, as shwon in Fig.18. Camardal)

reported that the s value is nearly constant of 1.1 x 10‘4 in
the energy region from 22 keV to 250 keV, excluding the 21.6 KeV

resonance.

For 1420e, the s-wave strength function is estimated froem Fig.19
to be

142¢e sp = (2.7 % 0.6 )x10°% E < 50 keV
This value is about 2 times larger than that of 140ce . The Sg
values add new data points which depict the 4s peak of the

strength function.

4.Discussions

The prominent property of the 21.8 keV resonance of 140¢ce  in
the compound nuclear state of 141Ce may be due to N=82 closed
shell effect, where the residual interaction is so weaK that a
simple structure 1is still remained even above the neutron
threshold. For 1426e there seems leaps at 1.3, 24, and 43 KkeV,
indicating strong levels at these energies. Similar anomalous
leaps are fTound in the vicinity of the neutron closed shell
nuclei, such as 81Brzl), 87Rb15), l39La2),l4lPr4), and many Pb

isotopes.

From the effect of the leap in the strength functions of 14006,
it may be suggested that regular level series for the s-wave
levels in 14%Ce can be found around the 21.6 keV, as shown 1in
Fig.20. Although the decomposition is not unique, some series of
spacings 3.5--6.6--5.5--6.6--3.5 (keV) or its fractions appear
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overlappingly. Between these spacings, integer ratios appear:
3.5/5.5=7/11, and 5.5/6.6=5/6. The nearest mneighbour Jlevel
spacing distribution in the region shows a peak at 3.5 keV as
shown in Fig.20. These series suggest some regular splitting
pattern in the neutron resonance region. Moreover, the ratlos of
the resonance energies are integer ratios for the resonances
around the 21.6 keV resonance: 21.8/9.53 = 9/4, 21.6/18.06 = 6/5,
21.6/24.76 = 7/8, 21.8/28.19= 10/13, and so on.

In the resonance levels of 1238b , a Fourier like analysis of
the level dispositions showed peaks at the integer multiples of
5.5 eV, previously reported by Ideno et a1.3) The present
measurements have improved the accuracy of the resonance energies,
and in fact, a long level series with energy at E, = 88( n + 1/2)
(eV) (n=1,2,..,8) is confirmed, as shown in Fig.21. This series
starts at 132 eV and stops at the 743 eV resonances.

In  the real neutron resonances, integer multiples of 11 eV (or

its simple integer ratios} appear frequently for many
nuclei.3’22’23) However, these structures do not show apparent
deviation from the ordinary statistical distributions, even if

regular structures exist. One of the author(M.0.) thinks that the
regular patterns in resonance levels, and the Integer ratios in
resonance energies are general features of slow neutron
resonances, though the physical meaning of these regular series is
not yvet clear. These regular series In neutron resonances may be -
related to the general features of chaotlic system of highly
excited compound nucleus. The analysis of the neutron resonances

may reveal a new standpoint for new guantum physics.

Acknowledgments
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overlappingly. Between these spacings, integer ratios appear:
3.5/5.5=7/11, and 5.5/6.6=5/6. The nearest neighbour level
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shown in Fig.20. These series suggest some regular splitting
pattern in the neutron resonance region. Moreover, the ratios of
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around the 21.6 keV resonance: 21.6/9.53 = 9/4, 21.6/18.06 = 6/5,
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In the resonance levels of 123gp , a Fourier like analysis of
the level dispositions showed peaks at the integer multiples of
5.5 eV, previously reported by ldeno et al.a) The present
measurements have improved the accuracy of the resonance energies,
and in fact, a long level series with energy at E, = 88( n + 1/2)
(eV) (n=1,2,..,8) is confirmed, as shown in Fig.21. This series
starts at 132 eV and stops at the 748 eV resonances.

In  the real neutron resonances, integer multiples of 11 eV (or

its simple integer ratios) appear frequently for many
nuclei.3’22’23) However, these structures do not show apparent
deviation from the ordinary statistical distributions, even if

regular structures exist. One of the author(M.0.) thinks that the
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Table 1 Condition of Measurements

Linac Electron Beam
Neutron Flight path
Neutron Beam Diamet
Neutron Detector
Flux Monitor

Time Analyzer
Computer

er

120 MeV, ~3A, 20 ns, 600 pps
47-m station

35 mmgp

5Li-glass (38mm¢ x12. Tmmt NEQI2)
*Li-glass transmission type

4096 channels , 31.25ns
FACOM-M380 '

Table 2 Transmission Samples

samples sizes thickness isotope
( mm ) (atoms/barn) composition
Sh nat 120 x 80 x 2 0.0038 121 57. 25%
150 x 150 x 5 0.0873
150 x 150 x10 fi. 0345 123 42.75
150 x 150 x35 0.1165
Sh-121 120 x 60 x 2 0.00266 121 99.57%
40 ¢ x 10 0.0143 123 0.43
Sh-123 120 x 60 x 2 0.0020 121 0.95%
40 ¢ x 10 0.0125 123 99.05
20 ¢ x 50 0.0615
Ce nat 69 ¢ x 3§ 0.0020 140 88. 48%
40 ¢ 10 0.0060
40 ¢ x 30 0.0158 142 11.08
Ce-142 69 ¢ 3 0.0022 140 7.89%
40 ¢ 20 0.0170 142 92.11
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Table 3 Resonance Parameters of Sh-121
Energy DE gl .° D(gl %)
(eV) (eV) (meV) {meV)
6.22 0.01 0.44 0.04
15.37 0.02 0.9 0.08
29.58 0.02 0.45 0.05
37.90 0.05 0.601 0.0003
53.54 0.03 0.16 0.02
55.00 0.05 0.002 0.0003
64.45 0.04 0.05 0.005
73.77 0.05 0.42 0.04
89.58 0.07 (.54 0.06
10 90.28 0.07 0.25 0.03
111.33 0.04 0.15 0.02
126.680 -0.05 1.30 0.19
131.77 0.05 0.40 0.04
144.13 0.06 0.57 (.06
149.68 0.06 1.10 0.1
160.40 0.07 0.07 0.01
166.85 6.07 0.57 0.06
184.45 0.10 0.01 0.003
182.17 0.10 0.07 0.01
20 213.81 0.11 0.057 0.01
222.42 0.11 0.19 0.02
230.38 .15 0.035 0.01
245.80 0.15 0.015 0.005
248 .80 0.15 0.01 0.003
261.50 0.16 0.008 0.003
2685.70 0.16 0.005 0.003
269.90 0.16 0.01 0.003
274.60 0.17 0.01 0.003
286.08 0.18 0.48 0.05
30 308.98 0.20 0.095 0.01
320.00 0.20 0.02 0.005
330.78 0.21 0.09 0.01
338.30 0.22 0.28 0.03
343 .80 0.25 0.12 0.01
347.80 0.20 0.01 0.005
355.70 0.20 0.007 0.003
367.50 0.20 0.015 0.005
392.57 0.28 0.82 0.10
405.50 .50 0.06 0.02
40  414.40 .20 0.02 0.005
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Resonance Parameters of Sb-121
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Resonance Parameters of Sb-121

D(gT .°)
{(meV)

0.10
0.15
0.04
0.03
0.18
0.11
0.13
0.07
0.07
0.04

0.02

0.02
0.08
0.30

0.30
0.09
0.05
0.15
0.09

gl .°
{meV)

0.86

0.27
1.76
1.10
1.30
0.20
0.20
0.34

0.18

0.11
0.62
2.50

1.94
0.57
0.30
0.75
0.60

DE
(eV)

0.88
0.89
0.96
1.05
1.50
1.50
1.10

1.10

1.50

1.8
1.7
1.8

. . .
— o

2.0
2.0

Energy
{eV)

1083.8
1109.9
1144.3
1179.6
1182.7
1200.8
80 1218.3

1248.5

1308.5

1327.8

1345.5

1363.9

1435.8

1483.3

1520.5

1528.6
100 1552.8

1572.0

1593.4
1638.4
1687.3
1721.5
1773.8
1788.2
1796.6
1818.5
110 1822.5

1843.3

1891.1

1801 .6

1915.5
1976.4

1988.5

2032.0

2081.4

2105.6
120 2114.7
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Resonance Parameters of Sbh-121

D(gT %)

{meV)

0.05
0.60
0.10
0.05

0.08

0.10
0.10
0.20

0.10
0.20

0.10

0.10
0.20
0.15
0.15
0.20
0.15

0.30
0.10
0.10

gl .°

(neV)

0.30

0.45
0.34
0.97

0.30
0.76

0.16

0.20

DE
(eV)

w O w r~
« a2 s
[ B B ol |

2.7

I~ o0 oo

2.8
2.8

3.0

O o oo
.« v e e e .
Lot B B g Bl e B B

3.4

— =
.

Energy

(eV)

2364.
2380
130 2433.2

nrll
. .
Lo e |
W N e~
= LD 3w
[ Bt B et Byt |

2581.

2600.
2620.
2684.
2714.
140 2785.

2802.

2828
2848
2872.
2881
2813
2972

2094.

3023.
150 3123.

3365.
3388.
3468.
3514.
160 3552Z.
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Resonance Parameters of Sb-121

D{gT %)
(meV)

¢.30
0.25
0.30
0.15
0.30
0.15
0.10

0.15
0.50
0.50

0.20
0.40
0.15
0.20
0.20
0.60
0.20
0.15
0.15
0.50

0.20
0.50

o
(meV)

1.00
1.00
1.40
0.40
1.75
0.68
0.45

0.87
1.00
2.00

0.67
2.48
0.66
0.78
3.12
0.80
0.70
2.50

0.70

DE
{eV)

. . . * . . .
b = A AR A R A

o= = =

O = 0N 0 = o\ D
. . . . . . . .
[Ie IREr RN e R Ve REVERNTe R To RS )

5.8

5.9

6.0

Energy
{eV)

. . .
o 0 O LY I~ O —
Oy O oo )
ue W b~~~ ol &0 M
M MMM o/mom

3933.
3968.
170 3977.

4007.
4115.
4144.
4208.
4233.
4279.
4357.
4458.

4497.
180 4508.

4583.
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Table 4 Resonance Parameters of Sh-123
Energy DE gl ,°? p(el %)
{eV) (eV) (meV) (meV)
21.37 0.02 3.25 0.3
50.50 0.04 0.21 0.02
76.70 0.05 0.33 0.03
104.88 0.07 2.20 0.2
130.85 0.08 0.046 0.005
176.20 0.11 0.014 0.003
185.80 0.11 0.013 0.003
191.860 ¢.12 0.68 0.07
197.50 0.12 0.018 0.004
10 218.45 .13 0.15 0.02
225.00 0.13 0.013 0.003
240.35 0.14 0.64 0.06
2985.43 0.18 0.05 0.008
288.30 0.18 0.86 0.07
302.40 0.18 0.012 0.003
323.20 0.18 1.05 0.10
343.80 0.21 0.016 0.004
350.85 0.21 0.18 0.02
373.20 0.23 0.043 0.008
20 394.126 0.24 0.66 (.07
413.70 0.25 0.022 0.004
471.07 0.29 0.105 0.01
481 .31 0.30 0.32 0.03
480.60 0.31 0.018 0.003
519.50 0.33 0.025 0.005
532.40 0.34 0.26 0.03
55G.50 0.35 0.012 0.003
570.50 0.37 0.62 0.06
592.00 0.38 0.018 0.004
30 598.50 0.38 0.20 0.02
827.50 0.41 (.56 0.05
644.30 0.42 0.04 0.0601
658.70 0.43 0.38 0.04
680.90 0.46 0.10 0.01
717.90 0.48 0.15 0.02
746.50 0.51 2.80 0.30
753 .80 0.51 0.015 0.004
785.40 (.54 ¢.018 0.004
794.50 0.55 0.032 0.006
40  815.00 0.58 0.55 0.05

J— 17 —
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Resonance Parameters of Sb-123

Energy DE gl .° D(gl .%) ]
(eV) (eV) (meV) (meV)
839.00 .5 1.80 0.20
853.50 0.8 0.015 0.004
871.40 0.6 3.20 0.03
§84.40 0.6 1.40 0.15
909.2 0.8 0.41 0.04
929.0 0.7 0.25 0.03
967.8 0.7 0.42 0.04
978.7 0.7 0.10 0.01
987.7 0.7 1.22 6.12

50 1025.12 0.8 0.32 0.03
1034.9 0.8 0.027 0.006
1047.9 0.8 0.75 0.08
1064.4 0.8 0.027 0.008
1083.3 0.8 - 0.21 0.02
1109.3 0.8 0.27 0.03
1116.6 0.8 Q.70 - 0.67
1124.70 0.9 0.025 0.006
1124.8 0.9 0.034 0.007
1164.7 0.9 1.30 0.13

80 1220.7 1.0 0.03 0.007
1234.0 1.0 0.025 0.006
1248.4 1.0 0.50 0.05
1261.0 1.0 0.04 0.008
1272.2 1.0 0.96 0.10
1293.5 1.0 0.031 0.007
1308.4 i.0 0.48 0.05
1328.8 1.1 0.23 0.02
1335.0 1.2 0.05 0.008
1358.0 1.2 0.05 0.008

70 1384.5 1.1 0.32 0.03
1418.5 1.2 0.068 (.008
1456.3 1.2 0.11 0.01
1482.0 1.2 - 2.75 0.25
1489.8 1.2 1.20 0.12
14393.0 1.2 0.55 0.05
1567.0 1.3 (.10 0.01
1598.8 1.4 0.48 0.05
1618.2 1.4 i.60 0.15
1646.5 1.4 0.52 0.05

&0 1870.2 1.4 0.17 .02
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Resonance Parameters of Sb-123
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Resonance Parameters of Sh-123
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Resonance Parameters .of Sbh-123
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Table & Resonance Parameters of Ce-140

Energy DE | DT ")
(e¥) (eV) (meV) (meV)
2543.7 2.6 11.7 2.
6005. g. 12.9 2.
+ §400. 15.

9568. 19. 530. 50.
11419. 24. 156. 20.
12473. 28. 322. 40.

+ 14000. 33.

+ 16146. 41.

+ 16429. 42.
10 I8i67. 49. ~ 660. T0.
21623. 64. 4100. 300.

+ 28200. TI.
24798. 78. 360. 4.
28198. 5. 580. 60.

+ 29200. 100.
30695, 107. 140. 20.

+ 34770. [29.
38233. 149. 280. 40.

+ 39150. 155.

20+ 40180. 161.
41893. 171. 1250. 100.

+ 44800. 190.
49484. 220. 4900. 50.
53030. 244. 300. 40.
55113. 258. §40. 100.

+ ) very small probable p-wave levels.
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Table 6 Resonance Parameters of Ce-142

‘Energy DE r.* D(F .Y
eV (eV) (meY) (meV)
+1152.7 a) - 0.8
1277. ¢.9 - 2000. 50.
17420 1.5 3.1 0.3
2793, 2.9 325. 25.
+ 2941. 3.2
+.. 2966. 3.2
3835. 4.7 600. 32.
4295, 5.8 2.5 0.3
4525. 6.1 8. 1
10+ 5190. 7.8
5623. 5.4 15. : [.5
5816. ‘ . 8.8 ' 1.6 - 0.2
+ . 5966. BT T A
6429. 10. 2.9 0.3
+ 7478, 13.
8145, [5. 40. 4,
+  B8350. 15.
8401. 15. 210. 12.
+ B858. 17.
20 5433. 18. 13. 1.5
+ 9647 9.
+ 10891. 23.
10915. 23. 16. 2.
I1177. 24. 100. 10.
11318. 24. 26. 3.
11870, 26. 30. 3.
+ 12255. 217.
1 12488. 28.
12775. 29. 280, 20.
30 13976. 33. 14. 2.
15225, 7. 760, 80.
16638. 43. 46. 5.
17298. 45. 95. 10.
17822, 48. 27. 3.
19414. 54. 10. 2.
20576. 59. 148. 15.
21173. 62. 15. 3.
22600. 68. 1080. 30.
231940. T1. 1276. 32.
40 24740. 78. 360. 20.
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Resonance Parameters of Ce-142 (Contn.)

Fnergy DE r,® DCT %)
(e¥) (e¥) {(meV) (meV)
25360. 81. 2150. 60.
25300. 100. 210. 25.
308890. 108. 170. 30.
38160. 149. TG0. 60.
388%0. 153. 190. 50.
39640, 158. 310. 30.
42725. 176. 300. 30.
43365. 180. 1779. 150.
49245. 218. 3090. 50.

+ very small probable p-wave levels.
a) 2.8 eV higher than the 1150 eV rescnance of %°Fe.
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Fig. 7

Fig.8
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cut off threshoild in g;I;l0 values. Average spacing for s wave levels is
deduced to be D=10.3 % 0.5 eV.
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Cumulative mumber of 238b resonances versus neutron energy, with several cut
off threshold in gl;lo values. Average spacing for s wave levels is deduced
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Fig. 9 Cumulative vaiues of g/ ° versus neutron energy for **!8b. In the region
from 1 keV to 5 keV, Sg is deduced to be (0.24 = 0.03)"%, whereas below 1 keV,
it is somewhat large value of 0.35 xi0™.
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Fig. 10 Cumulative vaiues of glgo versus neutron energy for ¥ 8h. S, is deduced to
be (0.25+0,03)107 below 5 keV.
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Fig.16  Cumulative number of levels vs. neutron energy for 14%Ce, where cut off in
1}’10 are made. Average level spacing is deduced to be 3.5 + 0.8 keV.
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Fig.17 Cumulative number of levels vs. neutron energy for 42 Ce where cut off
in Fno are made. Average level spacing 1s deduced to be 23 0.2 keV for
s-wave levels, and ;co be 0.45+0.1 keV with the inclusion of small probable
p-wave levels.
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Cunulative values of I.° for “9Ce up to 55 keV. S, is estimated to be
(1.2 £ 0.4) x10™* if the contribution of 21.6 keV resonance is excluded,

whereas s, is (1.6 + 0.5)x107% if the contribution is included.
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Cumulative vatues of I’ for '2Ce up to 55 keV. sq is estimated to be
(2.7 £ 0.6) x1074,
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