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An experiment of neutron resonances in Tb-159 was carried out using the
JAERI linac time-of-flight facility. Transmissidn and cépture
measurements were made on terbium samples of two thicknesses, using
6Li—glass scintillators and Moxon-Rae detector at the 47m station of
the TOF facility; the neutron flux was monitored with a 6Li-glass
transmission type fluxlmonitor. Transmission data were analyzed with |
an area analyses program up to 1.2 keV, and capture data with Monte=
Carlo program CAFIT, to obtain Zgrg, I' and FY. Spin determinations
were also made for large resonances. Between 754 to 1192 eV, 50 new
levels were analyzed. The results are as follows; average level spacing
<> = 4.4 + 0.4 eV below 600 eV, s-wave strength function S = (1.55 +
().15)10_4 for 206 levels below 1.2 keV, and average radiation width
<FY> = 107 + 7 meV for lower 25 levels. Average capture cross section

<oc> were obtained from 50 eV to 30 keV.

Keywords: Slow Neutron Resonance; Terbium-159, EnergyRange-1200eV,
Energylevels, Resonance Parameters, Level Spacing Strenth Function

Average radiation width, Average capture cross section.
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Siow Neutron Resonances in Tb-159

Makio OHKUBO and Yuuki KAWARASAKI

1. Introduction

Neutron cross sections are one of the basic data for understanding
neutron-nucleus interactions, and also important for reactor engineering.
Neutron resonance data of a rare earth element Th-159 were very poor when
the present measurement were planned, though some measurements had been
made;l’z’s) the resonance parameters below 113 eV are compiled in reference
4. Recently Derrien et 31,5) reported the results of high resolution trans-
mission measurements up to 753 eV, and Popov et al.ﬁ) up fo 580 eV. Level spins
up to 311 eV have been determined with pulsed reactor IBR-30 at Dubna, using
polarized neutrons and polarized terbium target.7) Average capture cross
sections have been measured by Gibbon et al.B) from 10 to 180 keV, and by
Block et al.g) from 0.2 to 10 keV using large liquid scintillator.
Intermediate structures have been reported by Jain et al.lo) in capture
gamma-ray yield ratio for high and low biases for NalI(T1) gamma ray detector

11)

with neutron energies below 1 keV. Mizumoto et al. observed anomalously

small gamma ray multiplicity in a few keV neutron energy region.

It is of importance to measure capture cross section as well as total
cross sections of this monoisotopic element (Z=65, A=159, 100%) for the
wnambiguous interpretation in the statistical properties of the levels in
the resonance energf region, and also interesting to seek for possible
intermediate stuctures or some deviation from a statistical model of the

compound nucleus.

In this report the results are described of the transmission and capture
measurements on terbium at the 47 m station of the JAERI linac time-of-
flight facility, using 6Li-glass scintillators and a Moxon-Rae detector.

More than 200 levels up to 1.2 keV were analyzed to obtain Eo’ Zgrg
in favourable cases T, Fy, and spin J. Average level spacing, strength

function, and average capture cross section were obtained.

and’

2.  Measurements and Analyses

The JAERI linac time-of-flight spectrometerlz) and the method of analyses

are described in the following.
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wunambiguous interpretation in the statistical properties of the levels in
the resonance energy region, and also interesting to seek for possible

intermediate stuctures or some deviation from a statistical model of the
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In this report the results are described of the transmission and capture
measurements on terbium at the 47 m station of the JAERI linac time-of-
flight facility, using 6Li-glass scintillators and a Moxon-Rae detector.

More than 200 levels up to 1.2 keV were analyzed to obtain E, ZgTﬁ and
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The JAERI linac time-of-flight spectrometerlz) and the method of analyses

are described in the following.
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{Linac and Target)

The JAERI s-band -electron linac consists of 5 accelerating
waveguides (two by MITSUBISHF Electric Co. and three by ARCO} each of which
is supplied with an RF power from a klystron of maximum 20 MW at 2856Mz.

The nominal beam energy is 120 MeV, with maximum beam current 1.8A for 80
nsec pulse in repetition rate 150 pps. Figure 1 shows the TOF spectrometer
and the target assembly. The electron beam is conducted straight through

a beam duct with a several focusing Q-lens system to a meutron production
target in a heavily shielded concrete room. About 2 m before the target, a
small bending magnet deflects the beam by 15 cm downward to hit the target
where center lines of neutron flight tubes intersect. The neutron target
consists of laminated tantalum plates packed in a stainless steel case 3.6
cm x 4.8 cm x 7.5 cm length through which cooling water flows. The neutron
moderator is mainly water in a reentrant aluminum case 20 cm diameter and
about 5 cm width along the flight path direction, surrounded by boron-polyeth-
ylene plates. In order to diminish gamma flash onto the TOF detectors, two
sets of lead shadow rings each 5 cm high and 15 cm thick are placed on
horizontal plane around the target. A lead plate 5 mm thick is also inserted
in the 47 m neutron path to shield against soft gamma rays scattered from

the moderator.

(Neutron flight Station)

Figure 2 shows the detector system in the 47 m station. The neutron
beam is transmitted through an evacuated aluminum flight tube of 30 cm
diameter to the 47 m station. Aluminum plates 1 mm thick are used as windows
of the flight tube, though some resonance structures appear in neutron
spectrum. The neutron beam 9 cm in diameter at the window of the 47 m station
is further collimated to a diameter of 7 cm at the sample position with
several collimators having B,C lining of 1 cm thickness. The distance from
center of the neutron source to the sample is 47.08 m within an accuracy of
+0.5 cm. A boromnitride plate is inserted to filter out slower neutrons

which overlap the subsequent timing program.

(Flux Monitor)

The neutron flux on the sample is monitored with a 6Li glass trans-
mission type flux monitor,13) as indicated in fig.2. A circular bLi glass
scintillator (NE908, 120 mm dia.X 3 mm thick) is cut and polished to chord

_2_
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length 5 cm, to fit flat windows of 2'' diameter photomultipliers EMI-9750KB
which view the scintillator from both sides. Aluminum windows 0.1 mm thick
are used in the effective area 9 cm in diameter of the flux monitor.

The flux monitor is placed 1.1 m before the sample for which capture
probability is measured. Neutron pulses from both photomultipliers are
mixed and amplified, pulse-height selected, inverted, and sent to the
acquisition system through a double-shield coaxial cable. The neutron
pulses, through time-gate circuits which open between 102.6 and 205.0 psec
after bursts, are stored in a preset scaler of the time-analyzer, and the
counting rate is recorded with a pen-recorder. Neutron transmission of

the flux monitor was measured to be
T = (0.92 + 0.02) exp (-(0.93 + 0.02)/JE) .......... (1)
from which the neutron detection efficiency 7 was obtained as

7=1-exp (-(0.93+0.02)/JB) ... (2)

except for multiplé scattering effects, where E is the neutron energy in eV.

(Moxon-Rae Detector)

Capture gamma rays from the samples are detected by a Moxon-Rae detec-

14) whose construction is shown in fig.2. Compton electrons emitted

tor
by the capture gamma rays in electron converters produce scintillation
light in two layers of thin plastic scintillator (NE102)} 0.5 mm thick.

A 3 cm thick transparent lucite disk was used as a light guide for the

. first layer, and also as an electron converter for the second layer, and
on top of the first layer a LiZCOS—paraffin block was placed as neutron
stopper and electron converter. The scintillator stack was coupled with
a 5" diameter photomultiplier EMI-9530QR. Two Moxon-Rae detectors of the
same type were placed in symmetrical geometry within the shielding inner
surfaces lined with 1 cm thick B4C. Pulses from the detectors were mixed,
amplified pulse-height selected, inverted, and sent to the time analyzer

through a double-shield coaxial cable.

The detection probability of a neutron capture event on the sample,
e (detector efficiency ¢ multiplied by solid angle subtended at the
sample), was calibrated in two ways. The first was by counting the gamma

' 60 22, 137._. 65 54 85

rays from the standard sources of Co, ""Na, Cs, "“In, ~ 'Mn, and "Sr,
and, the second way by counting neutron capture gamma rays from the black
resonances of Ag, Sb, Ho, and W exposed to neutron fluxes of which intensities
were measured with the transmission-type flux monitor. The propotionality

—3
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of detection efficiency to gamma-ray energy was confirmed, and the calibra-
tion measurements in the two ways agree within + 5.3%. Pulse hieght
discrimination level was adjusted so that e was 1.40 x 1072 for neutron

capture on Tb-159 nuclei with energy release of 6.381 MeV.

(Transmission Detector)

Neutron transmission of the samples was measured with a l%“ dia. x %”t

6Li—galss scintillator (NE9S08) coupled with an RCA-8850 photomultiplier and

a 43" dia. x 3" t 6li-glass (NE908) scintillator coupled with an EMI-9579A

5" photomultiplier. They were placed 0.3 m behind the sample.

Signals from these detectors were stored simultaneously in two or four divided
‘parts of the TMC-4096 analyzer.

The electronics and data flow diagram are shown in fig.3.

(Samples)
Terbium is a monoisotopic rare earth element (Z=65, A=159, 100%}.
Two samples were used; a thin sample was 99.9% purity Tb407 powder of 0.29g/cm2,
packed to 1 mn thickness in an aluminum case, and a thick one was a
metallic plate about 2 mm thick, as shown in table 1.
The sample was placed at the center of the detector shielding, inclined 45

degrees to the incident neutron beam.

(Measurements)

Measurements were made under conditions in table 2. The linac was
operated at energy 100 MeV with peak current 0.3~1.8 A, beam pulse width
0.08~0.3u sec and repetition rate 150 pps. The neutron production rate

was 2 X 1010 neutrons per 0.lusec burst; 2 X 1017 n/sec during pulse.

Neutron flux at the 47 m station was about 0.1 /EO'74 neu.trons/cm2 eV per

burst.

(Data Processing)

Accumulated data in the TMC-4096 analyzer were output to 7-tracks
magnetic tape, which were then transfered to the core of a TOSBAC USC-3
computor,ls) with which the data were rewritten to 9-tracks magnetic tape.
Through the FACOM-U-200 computor, the data on the magnetic tape were sent
to a large FACOM-ZSO/?S computor at the computor center of JAERI, and
stored in disk-file. Further data processing, resonance analyses, and
some kind of plottings were made with FACOM-230/75 in remote batch operation,

_4_.
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using U-200 as a terminal station installed at the LINAC laboratory.

(Transmission Data)

Transmission T is obtained by dividing the sample-in-data(I) by open-
beam-data({0) after normalization with flux monitor counts, with proper subtrac-

tion-of the backgrounds, Bi and B,
T=(1- Bi)/( 0 - BO) .......... (3)

The backgrounds were obtained from black resonances, such as 11.0, 24.6,

46.0 eV of Th, 330 eV, 2.3 keV of Mn, 2.85 keV of Na, and were approximated
by function A - B.t in the energy region concerned, where A and B are
constants and t the flight time. For simplicity Bi and B were assumed to
be equal. The time-of-flight versus energy relation was calibrated by a
5.903 keV resonance of aluminum, adjusting the signal delay time to the
analyzer. Absolute accuracies of the flight path length and analyzer chamnel
width were 1 x 10_4 and 9 x 10—5 respectively. After smoothing the open-beam
data, the transmission for each channel was calculated and stored in a
magnetic disk-file of FACOM-230/75.

Resonance analyses were made on the transmission data in disk-file with a
program17) modefied from the Atta-Harvey area analysis codels) based on the
single level Breit-Wigner formula.*)

From the transmission data of thin and thick terbium samples, Zgrﬁ were
obtained for 207 levels below 1192 eV, and also I' for large resonances.
Figure 4 shows example transmission raw data measured for the thick sample

with analyzer channel width 0.125pusec in the energy region of 45 to about

2500 eV.

* The transmission dip area for a well separated resonance is equal to

At = Z% N GOF for the thin sample
— (o, =dr X gr/m
At =4 Noo T for the thick sample
from which

_ 2 2
glﬂn - (At)thin /2m N *

2 2. 6 .
g T = (A ek /47N X where 41 X = 2.60 x 10%/E(eV)

From measurements of thin and thick samples, an, TY in case of Fn<<FY;

and T Ty and g in case of l"n>>1"Y are obtained.

—5—
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(capture Data)

Capture vields for the thin terbium sample in the energy region of 45 to
220 eV are shown in fig.5, and for the thick sample in the region of 180
eV to 20 keV in fig.6; the resonance energies are for large resonances.
For analysis of capture data, capture probability PC for the sample was

defined as

n
e, ()

P = C
C () TB
where C : net capture counts in the Moxon-Rae detector,
T : Transmission of the flux monitor,
B : attenuation of the neutron beam by air 1.1 m thick,
R : neutron detection efficiency of the flux monitor,

M : counts in the flux monitor at respective energies;
et : detection probability of a capture event for the Moxon-Rae detector.

The neutron flux irradiating the samples was approximated by a fumction

FEl exp (K/JE) e (5)

where F, a, and K are constants and E the neutron energy in eV.

The values a = 0.74 and K = 2.93 were used in the energy region below 1.5
keV, with which the neutron flux were fitted within 3%. The energy spectrum
of neutrons from the target was thus proportional to E[a_l's)dE = E_O'76dE,
which was harder than a sufficiently moderated spectrum of E_ldE.

The exponential term in eq.(5) is the attenuation factor due to 1/V

.absorbers in the beam, i.e. boron-nitride filter and 6Li glass of the flux

monitor.

For determination of the background in capture data, four sets of measure-
ments were made. With and without manganese 'resonance filter' in the
beam for terbium sample and for the equivalent lead sample in place of the
terbium sample. These measurements enabled interpolation of the background
between the notches of the rescnance filter. Effects of the manganese-
resonance beam filtration are shown in fig.7, where the neutron flux disappears
in vicinities of 2.3, 1.08 and 0.33 keV resonances of Mn. Capture yields
for lead sample are also shown in the figure, which are not sensitive to
the irradiating neutron flux. And the values well coinside with the yeilds
of the terbium sample at the notches of black resonance of manganese.
The background in the yield of terbium samples is thus essentially the
yield for the lead éample. After subtraction of the background, the net
neutron capture probabilities for terbium samples were obtained for each

—5—



JAERI—M 75145

timing channel as described in eq.(4). From the capture probabilities
obtained, resonance parameters were obtained from the capture area for each
*%

resonance. )

D vas developed and used for the resonance paraméter analyses

A program CAFIT!
in which the level width was searched by iteration for the calculated capture
area to be equal to the observed one. The program is based on Monte-Carlo
calculation considering the multiple scattéring effects, and capture and
scattering probabilities for neutrons incident on a disk sample inclined

at arbitrary angle to the beam were calculated. Neutron width Fn(J)
corresponding to spin J(=1 or 2 for s-wave resonance) are calculated from
the an value which is obtained by area analysis of the transmission data.
With the program CAFIT total width ' is obtained for both spins for input
parameters EO’ Fn(J), g(J) and Ac’ where EO is resonance energy, Fn(J)
neutron width for spin J, g(J) spin statistical factor for spin J, and Ac

the capture area. In change of Fn(J)-to F'n(J), the total width T'(J) is
obtainable. As illustrated in fig.8, the favourable spins in (T, an)

plane are obtained as the most probable intersection of curves thus obtained

and those by transmission area analyses on different sample thicknesses.

3. Results and Discussion
(Resonance Parameters)

Resonance parameters obtained below 1.2 keV are listed in table 3.

*& . .
) For a separate resonance, with thin sample, capture area can be written

as B .
AC = TN UOFY/Z from which

(o = 4nX g /T)

. 2. %2
ey T, /T = A /2 TNK

Similarly, scattering area is
AS =T NOOFH/Z
2,0 _ . 2
an/F —AS/ 2 ?TNxz

In case of thick sample, however, multiple scattering effects disturb the
*

above relation drastically.
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Similarly, scattering area is
AS =7 NOOFn/Z
20 2
gr /T = AS/ 2 m°N kZ
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Beyond Derrien's measurement, 50 new levels are analyzed between 754 and
1192 eV. 1In the overlapping region, the agreement in resonance energies

i1s very good and that in Zgrg is fairly good with those by Derrien of 21
753 eV, and those by Popov of 21 580 eV, except at very small resonances.
Broad levels at 137.6, 404.5, 593, 1172 eV seemed to be doublets, but the
level parameters were obtained as singlets. Two small levels at 4.27 and
39.10 eV as shown in fig.9 are inconsistent in strengths reported by some
laboratories, so that it may due to tantalum impurity bf about 0.25% atomic

density.

(Level Density)

Figure 10 shows the cumulative number of resonances vs. neutron energy.
To check the level detection for neutron energy, several thresheold values
in Zng are examined. For i-th level, if Zgrg is greater than V_, the level
is counted as one level, and if not the level is rejected from cumulation.
Fairly uniform distribution of levels over the neutron energy region is
indicated in fig.10, though small levels are missed depending on detectability
of the measureing system. The threshold values V, are taken to be 0, 0.5, 1.0
and 1.5 (m.e\f)l/2 in this case. The average level spacing D(Vt) are D(0) =
eV below 600 eV, and D(1.0) and D(1.5) are equal to 11.9 and 14.6 eV respectively
in the region below 1.2 keV. If the reduced with ZgT is assumed to obey

the Porter-Thomas distribution 20)

POx)dx = J'zl Y exp(x/2) dx e (6)
™ i

where x = ZgF / <2gF0 and f;;x)dx =1,
den51ty of levels l/D(V ) is given by °

1/D(V,) = 1/D(0) i}o(x]dx = 2(1/13(0)]{ 1- & exp(-yz/Z)dy} e (7)
Ador les
where p = V,/ <2g P >,
From the observed level spac1ng D(V'), < Zgr is estimated to be
<2ng> = 1.2 + 0.05, which is consistent with the value 2 S D(0) = 1.33 +

0.2 meV) /2.

(Strength Function)

The cumulative value of Zgrg vs. neutron energy up to 1192 eV is shown
in fig.11. As Tb-159 exists near a 4s peak of the strength function, all
the levels except very small ones are thought to be s-wave resonances.

In the energy region below 1.2 keV, the s-wave strength function Sj averaged

over spin'l and 2 is obtained to be
_8 —
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(8] 0

r g T _
So = &) = ———— = (1.55£0.15)10 b (8)
o] —_

D B, - E

Which is in good agreement with Derrien’s (1.56 t_0.2)10_4 obtained below 753
eV, but not with Popov's (1.25 :0.18)10_4 obtained below 580 eV. The S?
21)

obtained is in good agreement with that expected from the optical model

(2¢r® Distribution)
g?l'l

The distribution of Zgrg is shown in fig.12a with Porter-Thomas dis-

20). In the figure a resonance at 1172 eV is omitted because

tribution curve
of its anomalously large ngg which is probably a doublet not separated in

the present measurement.

(Level Spacing Distribution)

The nearest neighbour level spacing distribution for levels below 1.2
keV is shown in fig.12b, though an appreciable number of levels may be missed
in the region above 600 eV. The Wigner and the random distributions are
shown for comparison. In the case of mixed spin, the distribution function
is expected to be a linear combination of these two. A histogram of the
distribution for actual Tb-159 resonance levels shows peaks in the region
of 2.0 to 3.0 eV and of 5.0 to 5.5 eV. Similar peaks appear for many nucleizz),
and some of them deviate from statistical distributions of resonance levelszs).
Figure 12c shows the level spacing distribution for two arbitrary levels;
Dij = Ej - Ei (1=1,2,3,...... , N-1: j=i+l, i+2, ..... , N). In this case, no
appreciable deviation from the average value is seen.

(Average Capture Cross Section)

Average capture cross section of Tb-159 was obtained from net neutron
capture events and incident neutron flux. Net captures were obtained by
suitable subtraction of the background estimated from the yield for the lead
sample of equivalent thickness. Self-shielding effect was corrected for with

the assumption T /T exl.
¥
1 1 C(E)
oC(E) = ~— 1In(1 - Ncm(E)) = -~ —Inl- —— ) ..... (10)
N N e0d (E)
where GC(E) is the corrected capture cross section, N the sample thickness

in atoms/barn, Gﬁ(EJ the apparent capture cross section, C(E) the capture
yield in the Moxon-Rae detector, ¢(E) the neutron fluence on the sample,
and €0 the detection probability of a capture event. <0C(E)> were obtained
by averaging TOF channel in several tens of channels. In fig.13 the average

capture cross sections thus obtained are shown. A bump at 1.5 keV is seen

_9_
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in I (E), which corresponds to a cluster of strong levels as shown in fig.6.
The bump is also seen in the data of Block et al.’ ?) though the absolute

values are different from the present authors'.

. {Comparison of Data}

To compare JAERI data with those of SACLAY quantatively, in fig.l4a
Zgr for large resonances are plotted, with SACLAY's as ordinate and JAERI's
as absc1ssa As expected, each point is in the vicinity of a line inclined at

an angle about 45 degrees as shown in fig.14a. Similar plot in I‘Y is shown in

fig.14b.

(PY Distribution)

Using the CAFIT program total width T were obtained from capture peak
areas for large resonances.. Average radiation width <FY> is obtained to be
<FY> = 107 + 7 meV for lower 25 levels of which spins are known. This value
is in good agreement with Derrien’'s value <FY> = 97.0 + 7.5 meV within
experimental error. Spin dependence of PY was shown to be <FY>j=1=102 + 13
meV and <TY>j=2=109 + 8 meV; no conclusive results are drawn, however, because

of the poor statistical accuracy.

Jain et al.lo) found a correlation between Tg and yield ratio R, which was

taken with low and high pulse height bias for capture gamma ray spectra
measured by Nal(T1) detectors. They also found that intermediate structures

in R, peak at about 180 eV neutron energy with width about 40 eV. In the
present measurements on total FY’ no iignificant structure was detected in

about 180 eV region. Mizumoto et al. observed capture gamma ray multiplicity
m for Tb-159 from 3 to 300 keV neutron energy at ORELA and found small value

of m = 2.45 + 0.01 at 4 keV neutron energy, most of the capturing states

thus decay in two step cascades.

To clarify the above phenomena, further detailed, investigation is necessary

in the future.

The authors would like to thank Dr. A.Asami for his interest in this work
and careful reading of the manuscript. They also thank the operation staffs
for their skillful operation of the linac. '
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Captions

Schematic figure of the JAERI linac TOF facility, and a sketch of the
target assembly.

Arrangement in the 47 m station. Moxon-Rae detector is shown in
bottom right.

Electronics block diagram.

Transmission raw data for the sample-B in the region from 45 to 2500
eV with chamnel width 0.125usec.

Capture raw data for sample-A in the energy region from 45 to 220 eV
with chanmnel width 0.25usec. '

Capture raw data for sample-B up to 20 keV with channel width 0.125usec.
Upper figure: Capture raw data for Tb sample-B exposed to Mn-filtered
beam, where neutron flux vanishes in the vicinity of 2.3, 1.08, and
0.33 keV resonances of Mn. Capture yield for an equivalent lead sample
is also shown, which is not sensitive to the neutron flux variation,
and it approximately coincides with the yield of terbium sample at the
notches of the black resonances of Mn. Lower figure: Effect of the Mn
resonance filter on the neutron beam measured by the 6Li—g1ass detector
when the capture sample is not.

Examples of resonance parameter analyses. a) 45.99 eV, b) 108.99 eV,
c) 113.6 eV, and d) 219.0 eV. The curves T,, TB are obtained from
transmission area analyses for sample A and B. The curves CA_and CB
are obtained by capture area analyses for sample A and B with CAFIT

for spin J=1, and 2. Curves CB, in fig.c 'single' means that the
analyses are made as isolated single level, and 'multi' means that

the analyses are made as a member of several neighbouring levels.

In fact 'multi' is more realistic.

Transmission and capture raw data in the energy region above 3 eV.
Cumulative number of resonances vs. neutron energy up to 1.2 keV.
Threshold values in ngo are 0, 0.5, 1.0, and 1. S(merl/z.

Cumulative value of ZgP vs. neutron energy up to 1.2 keV.

Fig.12a. Reduced neutron w1dth (ZgT ©y distribution for the level below 1 yA

keV. Average value and the Porter-Thomas distribution curve are

shown.

Fig.12b. Spacing distribution between adjacent levels. Average value and

the Wigner and Random distributions are also shown.

Fig.12c. Spacing distribution between arbitrary two levels.
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Fig. 13 Average capture cross section up to 30 keV. The values by other
authers are also shown.
Fig.14a Comparison of JAERI and SACLAY data for each resonances.

Plot of ngg, with ordinate SACLAY values and in abscissa JAERI
values.

Fig.14b Plot of FY for each resonance, with ordinate SACLAY values and in
abscissa JAERI values.
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Table 1. Samples used

Sample A Terbium Oxcide(Tb4O7) powder packed in an aluminum case.
0.000928 atoms/barn normal to the sample surface,
0.00131 atoms/barn for inclination of 45 degrees to the

neutron beam.

Sample B Terbium metallic plate
0.00789 atoms/barn normal to the sample surface,
0.0112 atoms/barn for inclination of 45 degrees to the

neutron beam.

Table 2. Condition of Measurements
Energy Region Analyzed Linac Analyzer
Pulse Width Channel Width
1 ~— 100 eV 0.lusec lusec
46 —~ 200 0.1 0.25
185 ~~— 1200 0.08 - 0.125
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Fig 10 Cumlative number of resonances vs. neutron energy up to 1.2 keV,
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Fig.11 Cumnulative value of ZgFg vs. neutron energy up to 1.2 keV.
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Fig.14a Comparison of JAERI and SACLAY data for each resonances.
Plot of ZgFg, with ordinate SACLAY values and in abscissa JAERI

values.
8
g
B X
A
+ A
+ X
gl o x
£ QX'ﬁ)*
:
&
48 o
(]
) . .
B80. 100. 126.
JRERT -DATA

Fig.14b Plot of PY for each resonance, with ordinate SACLAY values and in

abscissa JAERI values.
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