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A lithium-drift germanium y-ray spectrometer has been used to make accurate intercomparisons of
the ratio of resonance- mtcyal to thermal-activation cross scction by measuring cadmium ratios or
relative activation rates in two different neutron spectra. The standard, gold, or sccondary standard,
indium, was mixed uniformly in the samples and the activities resolved wnh the spectrometer. Exprcsscd
as Wcstgotl 5o valucs, the results relative to 5o = 17.7 for gold werc as follows: 7#Se = 10.3 + 0.1,

78Se = 123 + 0.3, B°Sc~265+002

81Br = 24.3 + 0.5,

1270 = 27.8 + 0.5, 13°T¢:~-210+007

138Ba = 0.64% + 0004 140Ce = 0.476 s 0.003, '4*Ce = 0. 865 + 0.005.

Introduction

The accuracy of neutron activation cross sec-
tion measurcments has often been limited by the
~inability to completely separate the desired activ-

ity from other activities in the sample. These
come {rom other isotopes of the same element or
from impurities. The high resolution attainable
with a lithium-drift germanium y-ray spectrom-
eter (Ewan and Tavendale 1964) gives suficient
discrimination so that the activity desired can
often be measured in samples containing the
element mixed with a comparison standard such
as gold or indium. We have used this high
resolution to make accurate measurements of the
ratio of resonance neutron activation to thermal
neutron activation or s, value for nine isotopes.

Method

Samples containing the same proportions of
unknown element and standard were prepared
from a solution. The proportions were adjusted
to give approximately equal unknown and stan-
dard y-ray intensities in the y-ray spectrum. Pairs
of samples were then irradiated bare and cad-
mium covered (cadmium ratio method) or in two
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neutron spectra with widely different resonance
neutron fractions (two spectrum method). The
v-ray spectra of the two samples were then
measured and the relative number of counts in the
photopeaks calculated. Both methods give the
relative ratio of resonance-to-thermal activation
for unknown and standard. Only ratios of ratios
are measured, except for a measurement of the
cadmium ratio for gold to obtain the epithermal
spectral index of the neutron spectra.

Analysis

Cadmium ratios were measured with samples
in which resonance self-shielding was small and
thermal self-shiclding negligible.

In the Westcott notation (Westcott ef al, 1958;
Walker and Copley 1966), if one assumes negli-
gible thermal self-shielding, the cadmium ratio
can be expressed as

[1] Ree= UrvTIT)}™" + Gosole]
X [(Flg)soGr ~ W) + K™Y,

where r/(T/T,) is the epithermal index, g-is the
ratio of the detector activation in a Maxwellian
flux to that of a 1/v detector having the same o,
or 2200 m/s cross section, F is the correction
factor for the resonance neutrons shielded by the
cadmium, G, is the resonance self-shielding factor,
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1/K = 4./ Ey// Ecgr and is proportional to the
epicadmium /v activation,

— QIYMALoo,
Al = f o) - goo(EolE)] O

The parameter measured in our experiments is
(2] so = 2/ Vm)I'[oy,

where I’ is the reduced resonance integral defined
as '

° dE
S EINCCEFEENGDF

0, 18 the absorption cross section at energy £, =
0.025 eV, and pkT is the equivalent cutoff energy
of the 1/ E spectrum.

A measurement of Rgg(Au) gives r/(T/T,) in
terms of the known s, for gold. A measurement
of Rg, for the unknown then gives s, for the
unknown.

Eliminating rJ/(T|T,) from all but the correc-
tion terms gives

' Geso) _ 2|1 _ 1
(4] <—g“>x =0 l:g (50G, — W) + KF:|5

where Q@ = (FRgy — 1);/(FR¢g — 1),

Ze=1+4 rx/(;/To)_[(% _ g_)
1/1 1
x(rm-7))

1+ ,¢<T/TO>(K - ii).

ZI
g, KF

The subscript x refers to the element and sub-
script s to the standard.

The two-spectrum measurement gives the ratio
of the activation or effective cross sections in the
two spectra, one the thermal column spectrum
with small r/(T/T,) and the other the reactor
spectrum with large r/(7/7,). We define

R = [ax/as]rs/ [Gx/as]tc’ .

where & = 0,81 + r/(TITy) . (G,So/g)) is the
effective absorption cross section and the sub-
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scripts rs and tc refer to the reactor spectrum and
thermal column spectrum respectively. Substltu-
ting and rearranging gives ’

[5] (Giso/8)s = RI(Gi5o/8)s
+ R = D/ r/(TTo) )res

1 + [r\/(T/TO)]'lc(GrSO/g)x .
1 + [r\/(T/TO)]lc(GrSO/g)s

The spectral indices in the reactor spectrum
[r(T|Ty)],, and thermal column spectrum
[rJ(T|Ty) ], -were found from cadmium ratio
measurements.

In practice, / is near unity, so that [5] can be
solved easily by iteration. This method is accurate
only for large values of s,,.

The unknown cross sections were assumed to
be 1/v below the cadmium cutoff, so that g, = 1
and W, = 0. For the 0.8-mm cadmium used
here, 1/K = 0.462 corresponding to an effective
cutoff Eqy = 0.60eV (Maunders 1965). The
parameters used for gold and indium are listed
in Table I. The s, value for gold is the standard,

where

f=

TABLE I
In and Au parameters

In Au
Sa 18.7* 17.7
g 1.028 1.0078
w 0.335 0.089
F 0.960% 0.998
1/K 0.462

*Experimental value determined by
using Au as the standard.

tExperimental value determined by
measuring indium-cadmium ratios with
several thicknesses of cadmium.

the value for indium is a secondary standard
based on gold.

For most of the measurements, the resonance
self-shielding was small and was calculated using

(6] G.=1/J[1 +20/(9)]

where { = No,, N is the number of atoms per
cm?, o, is the peak capture cross section of the
resonance, and f(0) is a factor correcting for
Doppler broadening (Dresner 1960). For thicker
samples, (FReq — 1), oc 1/G, was extrapolated

" to zero thickness as a function of \/[1 -+ 2(; £(0)],

giving
7] G} = (FR¢q — 1)c=0/(FRCd - I)C'
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Some of the isotopes measured have no reso-
nance parameters listed ; for these G, was assumed
to be unity,

The transmission of the cadmium for resonance
neutrons, F, was calculated with the infinite slab
approximation, using the absorption cross section
as a transmission cross section. Cross sections
from Hughes and Schwartz (1958) and Chepkin
et al. (1967) were used. Fcan also be obtained by
comparing the results from cadmium ratio mea-
surement and from a two-spectrum measurement,
because F does not occur in [5] except in the
measurement of r/(T/Ty).

A multigroup diffusion theory calculation
(Boix and Solaniila 1967) showed that the
resonance neutron spectrum deviated from the
1/E form by as much as 13% (see Fig. 1). Correc-
tions were made using

L'E) 1Lk
IJQ/E) 1)1,

Zl-—l (t)(E r)le
¥ Z;-—l le

where 1.'(1/E) is the reduced resonance integral
in the 1/ E spectrum, 7" is the reduced resonance
integral in the reactor spectrum, I, is the calcu-
lated self-shielded resonance integral in a 1/E
spectrum for one isolatéd resonance, and ¢(E;") is

(8]

102
ENERGY (eV)

The reactor spectrum form function ¢(u) =

1 L.
103 o4

EG(E).

the slowing down flux at the resonance energy E;
from Fig. 1. The small non-resolved part of the
resonance integral was not included since it
would have negligible effects on the correction.
The tellurium, barium, and cerium results were’
not corrected because the resonance parameters
have not been measured.

Neutron Spectra

The cadmium ratios were measured in the
central reflector of the Reactor Argentino 1
(R.A.1) (Ricabarra and Ricabarra 1960). The
17-cm radius graphite reflector is surrounded by
an 3-cm-thick annular core which is fuelled with
20%; enriched uranium and moderated and cooled
with water. An external graphite refiector sur-
rounding the core is enlarged to form a thermal
column on one side.

Pneumatic ‘‘rabbit’’ systems carry samples in
and out of positions in the internal reflector and
in the thermal column. Aluminium capsules were
used for most irradiations and nylon capsules
only for short-lived ‘isotopes which required
removal of the samples for counting before the
aluminium activity had decayed to a safe bio-
logical level. The sample position in the internal
reflector was at the mid-plane of the reactor and
2 cm from the core. At the usual operating power
of 80 kW, the flux in the reflector position was
2 x 10"2n/cm?s and in the thermal column
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TABLE 11
Cadmium ra_lios and spectral indices

Position Rey(Av) Reo(In) rJ(TITy)
Internat reflector
Aluminium capsule 1.674+0.003 1.739+0.003 0.0805+0.0002
Nylon capsule — 1.782+0.006 0.0758 +0.0005
Thermal column
Aluminium capsule 20.24+0.2 _— 0.0028 + 0.0001

1 x 10'' njcm?*s. The gold and indium cad-
mium ratios and spectral indices for the irradia-
tion positions are summarized in Table 11.
Cadmium ratio mecasurements (sec Fig. 2)
show that »/(T/T,) is constant along the vertical
axis of the reflector and the cadmium covered

r/T

0.080 o— 7ol

O.O?'OJ-

0.060 , 7 y

50 60 70 80 STO hicm)

FiG. 2. Vertical variation of r/(T/Ty) in the central
graphite reflector of “RA1” (h = 50 cm corresponds to
the middie plane of the core).

manganese activity (see Fig. 3) is constant across
the reflector. Multigroup diffusion theory shows
" that, if the distribution is flat for 337-eV Mn
resonance neutrons, it must also be flat for
neutronenergies downto2 eV, except for possible
depressions at the 6.8 eV U-238 resonances. The
multigroup diffusion theory calculations (Boix
and Solanilla 1967) show that the flux depression
in the core at the 6.8-eV resonance has dis-
appeared 2 cm into the graphite and that the flux
at the 4.9-eV gold resonance will not be de-
pressed. There is, however, a significant deviation
from 1/ £, as shown in Fig. 1.

Samples

The measurements depend on the samples

-, .containing the same ratio of unknown to stan-

‘dard; the absolute amounts are required only for
estimation of self-shiclding effects, which were
kept small by using thin samples.

A solution containing standard and unknown

in the desired proportions was prepared. Aliquots
of 0.1 ml were dried on small pieces of filter paper
and sealed into small plastic bags. The diameter
over all was less than | cm.

Subsidiary measurements showed that the pro-
portions in samples made this way were the same
to better than 4-0.2% and the absolute amounts
the same to better than + 10%.

High-purity compounds of natural elements

‘(not separated isotopes) were used. Activation

analyses were used to check for impurities before
making up the solutions. The cadmium boxes
used for the cadmium ratio measurements were
10 mm in diameter, I mm high, and had 0.8-mm-
thick walls. The samples were mounted 4 cm
apart in the rabbit capsules, one in the cadmium
box and one wrapped in aluminium foil.

For two-spectrum measurements, the samples
were mounted in separate capsules and irradiated

for the same period in the two positions. Very

accurate timing was important only if standard
and unknown had very different half-lives.

The y-Ray Spectrometer

An encapsulated lithium-drift germanium di-
ode (manufactured by the RCA Co., Montreal)
with an effective volume of 5 cm?® was maintained
at liquid nitrogen temperature in the cryostat
shown in Fig. 4. After initial pumping, the
vacuum was held by molecular sieve, The diode
was connected through a Kovar seal to a low-
noise charge-sensitive preamplifier consisting of a
vacuum tube (E810F) input stage followed by a
transistor amplifier. The pulses were shaped to
1 us differentiation and integration time con-
stants in the main amplifier and sorted in a 256-
channel TMC pulse-height analyzer. Resolution
of 2.5 keV FWHM was obtained for *33Gd y rays
at96.7and 103.4 keV.

An elementary sample changer operated from
the analyzer allowed the two samples to be
counted one after the other automatically for a


http://at96.7andl03.4keV
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F1G. 4. The cryostat for the lithium-drift germanium
diode. After the initial pumping, the vacuum was main-
tained by the molecular sicve.

suitable period after the irradiation. The spectra
were recorded on punched paper tape and read
into a computer for summing over peaks.

Data Reduction

The number of counts in the photopeak was
calculated by summing regions of the spectrum
as iflustrated in Fig. 5. The sum of B, and B,,

Radial distribution of epithermal neutron flux in the central graphite reflector and core.

normalized to the same number of channels as in
P, was subtracted from P, to correct for the
continuum and counter background. This as-
sumes that both background and continuum are
linear under the peak. Measurements were made
only on well-resolved and well-separated peaks
to reduce the uncertainties in this procedure.
The double ratio of corrected activities gives

Reo®) (4,4, bare
Rco(s)  (A4,/A) cadmium

orinthe two-spectrum measurement

_ (A,/A,) reactor spectrum
- (A /A,) thermal column '

If the activities decayed significantly between
counts, results from the two spectra taken before

139

STANDARD

Fi1G. 5. Example of the procedure used to obtain the
activity under the photopeak (4, = P, — (B, + B)/2;
AJ = Ps - (Bl’ + BZ,)/Z) .
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and after a given count were averaged in calculat-
ing the ratia; this assumes a linear decay. If the
halt-life was 'shorter than about 10 times the
counting period, exponential decay corrections
were made. Usually the results from a number of

pairs of spectra with a total of about 10° counts -

were used in each ratio measured.

The error quoted is the standard error of the
average value of the ratio of ratios obtained from
several irradiations, which is not only an indica-
tion of counting statistics but also of the small
systematic differences that may arise from slightly
different irradiation and counting positions.

Significant (~5%;) resolving time losses were
sometimes found early in the counting period, but
these do not affect the results because the same
correction applies to both peaks in the spectrum.
Usually the counting rate 'was limjted by pile-up
effects that destroyed the resolution rather than
by excessive resolving time losses.

Selenium

The cadmium ratio for capture in "*Se leading
to 7°Se (120 d) was measured relative to gold,
using a mixed sample irradiated for four hours.
"The cadmium ratio for capture in °Se, giving the
62-minute isomeric state in ®!Se, was measured
relative to 7*Se by irradiating pure selenium
~ samples for one hour, and finally, the cadmium
ratio for capture in "8Se leading to the 3.9-minute
isomeric state in 7?Se was measured relative to
80Se by irradiating pure selenium samples for
* two minutes.

74Se

Mixed samples containing 5 mg/cm? of sele-
nium and 0.001 mg/cm? of gold were irradiated
bare and cadmium covered for four hours. One
or two days later the 73Se 265-keV and 280-keV
vy rays were measured relative to the 412-keV gold
v ray (Fig. 6). About 6 days later, when the gold
v ray had decayed to the same level as the 405-keV
Yy ray, these were also compared. The three cad-
mium ratios agreed to within 0.5%. The averaged
result from three irradiations gave

Rea(*S€)/Reg(**7 Au) = 1.322 + 0.006,
.or with Rgy(**"Au) = 1.674 + 0.003,
Rey("*Se) = 2.213 £ 0.011.

The "#Seresonance at 27.0 + 0.2 eV is shielded
slightly by the *1Cd resonance at 27.7 + 0.3 eV

CANADIAN JOURNAL OF PHYSICS., VOL. 46, 1968

(Hughes and Schwartz 1958). A value for F =
0.94 was estimated from the curves. Self-shielding
was negligible. Including a — 3% spectrum correc-
tion, we get

5o("*Se) = 10.3 £ 0.1.,

The resonance integral calculated from the
parameters given by Goldberg ef al. (1966),
I’ = 530 b and the thermal cross section o, =
50 + 7 b (Hughes and Schwartz 1958) give s, =
12 in reasonable agreement.

BOSG

Bare and cadmium-covered samples of scle-
nium, 5 mg/em? thick, were irradiated for one
hour and the 103-keVy ray from 8'Se (62 minutes)
measured relative to the 136-keV y ray from 7>Se.
The averaged result from two irradiations was

Re™(3%Se)/Rey("4Se) = 1.585 + 0.003
or Res™(8%Se) = 3.508 + 0.016.

- The cadmium cross section given by Block et al.
(1961) was used to estimate F = 0.99 for the
80Se resonances at 1.9, 4.1, and 4.8 keV.Including
a spectrum correction of — 139 gives

5™ = 3.870 + 0.022

for formation of the isomeric state.

The isomeric yield ratios for thermal and
resonance capture are different because there is
a significant contribution for p capture in these
high energy resonances. Using the yields mea-
sured by Bishop et al. (1964) for the fraction of
the 62-minute isomer,

50(8%Se) = 3.870 x 0.115/0.168 = 2.65 + 0.02,

neglecting any uncertainty in the ratio of the
two-yield ratios.

The measured thermal cross section o, =
0.61 & 0.05 b (Goldberg_et al. 1966) and I’ =
1.58 b, calculated from the resonance parameters
assuming equal s and p strength functions (Wein-
berg and Wigner 1958; Moldauer 1961), gives
8, = 2.9. This is excellent agreement and shows
that p capture in these resonances is comparable
with s capture. '

78Se

Neutron-capture vy rays populate a 3.9-minute
low-spin isomeric state in 7?Se which decays to a
long-lived high-spin state by emitting a 96-keV
v ray. The intensity of this vy ray was measured
relative to that of the 103-keV ¥ ray from #1™Se,
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F1G. 6. y-ray spectra of bare and cadmium-covered selenium-gold samples one day after the irradiation. These
spectra gave the 265- and 280-keV y-ray intensities relative to the gold. The 405-keV v ray was measured 5 days later

when the gold had decayed to about the same intensity.
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Samples containing 5 mg/em? of selenium
were irradiated for 2 minutes in a nylon capsule.
Activation of the nylon was low enough to allow
immediate removal of the samples. The y-ray
spectra were measured, starting 3 minutes after
the irradiation. The averaged result from three
measurements was

Rea"("8Se)/ Reg™(89Sc) = 0.544 + 0.007,

Using the ratio of spectral indices given for the
aluminium and nylon capsules in Table 11 and the
cadmium ratio for *°Se given above, we get

Reg"(8Se) = 1.936 + 0.032,

relative to gold in the aluminium capsule. With
F = 1, negligible self-shielding, and a spectrum
correction of — 109, we obtain

5om(78Se) = 12.3 + 0.3

for formation of the 3.9-minute isomeric state.

For comparison, the resonance integral caleu-
lated from the resonance paramecters (Goldberg
et al. 1966), I' = 578 b, reduced by 10% to
correct for direct formation of the long-lived
state, and the measured thermal cross section
0.38 + 0.04 b (Goldberg et al. 1966), give

" = 16.

The calculated value for the resonance integral
has been obtained with I' = 800 + 200, T, =
400 + 150, and I', = 400. Le Blanc er al. (1959)
give I', as 250, Coté et al. (1964) as 500. The
measured §, supports the evidence from the
systematics (Huynh er al. 1967), suggesting that
I', is lower than the value recommended (Gold-
berg et al. 1966). Kramer and Wahl (1965) have
measured the activation cross section for "8Se
(n, v) 7°™Se and their quoted cadmium ratios for
. "8Seand *’Augive

[Reg("*7Se) — 11/ [Rea(Au) — 1] = 1.385.

We obtained 1.389, in good agreement. If their
experimental conditions were the same as ours,
this agreement also indicates agreement in s,
values. :

Bromine

" Cadmium ratio and two-spectrum ratio mea-
surements were made with bromine-gold samples
of several thicknesses. The 8'Br 554- and 620-keV
v rays were measured relative to the 412-keV gold
v ray. Samples containing 1.0, 2.0, and 20.4 mg/

CANADIAN JOURNAL OF‘PHYSICS. VOL. 46, 1968

cm? of 8 Br were prepared from a solution with a
bromine—gold ratio of 156 to 1. Two cadmium
ratio measurements were made with each sample
thickness. Three two- spcctrum mecasurements
were made with 20.4 mg/cm? samples and one
witha 1.0 mg/em? sample.

The results obtained by the two mcthods with
the 20.4 mg/cm? samples were used to obtain a
value of F. There is a possibility that the 101.0 +
0.1 eV resonance in ®'Br is shiclded by the
99.6 + 0.2 ¢V resonance in '''Cd. The value of
F = 0.946 + 0.015 obtained from the compari-
son is in good agreement with 0.95 estimated

- from the cadmium cross section.

The cadmium ratio measurecments were then
used to evaluate the resonance self-shielding. The
results are summarized in Table 111, Calculated
values for gold are also given. Using F = 0.946
and the G, values listed in Table 111, the s, values
listed in Table IV were obtained. The result for
the 20.4 mg/cm? sample was not used here
because it was used in checking the self-shielding.
The agreement is good and, including a —9%
spectrum correction, the weighted average is

so(®'Br) = 24.3 + 0.4.

Only 2.2% of the disintegrations by-pass the
ground state, so this s, should be very close to
that for total capture.

The resonance integral calculated from the
resonance parameters I’ = 63.1 b and ¢, = 3.1
+ 0.4 b (Goldberg et al. (1966) gives s, = 23, in
rcasonable agreement with our value. The experi-

-mental value of /oy = 41 b given by Emery (1965)

would give a much lower s, value. This may
perhaps have been caused by a large resonance
self-shielding effect in Emery’s samples.

Todine

Two-spectrum measurements were made rela~
tive to indium. The 442-keV v ray of 25-minute
28] was compared with the 416-keV v ray of
54-minute °In.

Samples containing 2.25 mg/cm? of iodine and
0.025 mg/cm? of indium were irradiated for 10
minutes in the thermal column and central
reflector. The y-ray intensities were compared
over three half-lives, beginning 30 minutes after
the irradiation. The averaged result from three
irradiations is

R(*¥71/*15[n) = 1.306 + 0.014,
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TABLE 111
Summary of experimental and calculated G, values for 8'Br

BlBr
197Au
. . Experimental G, determination S
Thickness Calc. Thickncss Calc.
(mg/em?) (FRcs — 1) G. G. (mg/em?) G.
20.4 0.479+0.003 0.91840.015 0.928 0.13 0.986
2.0 0.44540.003 0.989+0.010 0.990 0.01 0.999
0 0.44040.007 — 1
TABLE 1V
Summary of-results for 8 Br
Two-spectrum ratio Cadmium ratio
Thickness -~ :
(mg/cm?) R So Rey(®' Br)/Rea(*?7Au) ¥o
20.4 1.216+0.014- 26.5+£0.5 0.92940.003 -~ —
2.0 — — 0.9124+0.003 26.4+0.6
1.0 1.30+£0.05 27.2+1.2 0.905+0.003 27.3£0.6

which, with G, = 0.982 for iodine and G, =
0.996 for indium and a spectrum correction of

—4%, gives
so(1?71) = 27.8 + 0.5.

A comparison with other results, in terms of
resonance integrals, is given in Table V.

Tellurium

Capture in '3°Te leads to 25-minute '*'Te
which decays to 8-day '**1. A contaminanty ray
‘at 410 keV made it difficult to measure the 360-
keV *'[ v ray relative to the 412-keV gold v ray.
Instead, the 150-keV v ray of '3! Te was measured
relative to the 137-keV v ray of 54-minute ''%In.

Bare and cadmium-covered samples containing
8.8 mg/cm? of tellurium and 0.0025 mgfem? of
indium were irradiated for 2 minutes and counted,
beginning. 20 minutes after the irradiation. The
131Te 150-keV v ray was followed for. about
three half-lives. The average of five measurements

T was

| ResOTe) Reg(1151n) = 3.26 + 0.1
or
Reg(*39Te) = 5.67 % 0.19.

Self-shielding in both tellurium and indium was
negligible. Assuming that £ = 1.0, and with no
spectrum correction, we obtain

5o(139Te) = 2.10 + 0.07.

The isomeric yield is the same for resonance
and thermal neutron capture (Namboodiri ef al.
1966), so that this value also applies for the total
capture cross section.

The listed parameters (Bilpuch et al. 1961) give
a very low s value. The main contribution is from
the 1.5-keV resonance. This suggests that some of
the unassigned resonances-in tellurium at lower
energies (Goldberg ef al. 1966) are in 13°Te.

Barium

The cadmium ratio for capture in ! *®Ba leading
to 85-minute '3?Ba was measured relative to 54-
minute ''®[n. Samples containing 3.6 mg/cm?
of barium and 0.004 mg/cm? of indium were

TABLE V
Summary of resonance integral values for '27]

ICd
(barns)”

Intcgral measurements

Macklin and Pomerance (1955) 130-140

Klimentov and Griazev (1957) . 106+13

Tattersall ef al. (1960) 183+ 30

This measurement with ¢ = 6.2+0.2" 156+ 6
From resonance parameters

Parameters listed by Goldberg ef al. (1966)° 158.4

“les = [ B o(ENEIE.
Cd
"In caleulating the resonance integral from the resonance para-
meters, it was assumed that J = 3 for the three main resonances at
31].3, 37.8, and 45.5 ¢V and the statistical weight factor g = 1/2 for the
others. :
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TABLE VI
Summary of resuits

I’ (barns)

) This . Resonance Other
Nuclide Mecasured s, G, (barns) expcriment parameters measurements
74Se 10.3 +0.1 50 +7 456 3 530 —
78S¢ 12.3 +0.3 0,42+0.05 4.58+0.6 5.78 —
803e 2.65 +0.02 0.61+0.05 1.43+0.16 1.58 —
81Br 24.3 +0.4 3.1 £0.4 67 +10 63 41
1271 27.8 +0.5 6.2 +0.2 153 +6 156 180+ 30°
1307, 2.10 £0.07° 0.26+0.08 0.48+0.14 — —
1383 0.64940.004° 0.35+0.15 0.204+0.09 — —
140Ce 0.476+0.003° 0.60+0.06 0.25+0.03 — 0.255
142Ce 0.865+0.005° 0.95+0.05 0.73+0.04 — —
Standard
197A4 17.7 98.8 +£0.3 — 1551 —

Secondary standard
1131p 18.7 #+0.1 —

*No neutron spectrum corrections have been made because the resonance parameters have not been measured.

5Sce Table V.

irradiated for 5 minutes. The relative intensities
of the 166-keV v ray of **°Ba and the 137-keV y
ray of 11°In were measured over two *3°Ba half-
lives. The average result from four irradiations
was
Rcy(*8Ba)/Rey(**°In) = 7.23 £ 0.03
or
Rey(138Ba) = 12.57 + 0.05.

Assuming that F = 1 and G, = 1 for barium,
so(1?%Ba) = 0.649 + 0.004.

The only identified resonance in **®Ba is at
31.7 keV, but some unassigned lower resonances
may also be in !*8Ba. This s, value and 6, =
0.35 + 0.15 (Goldberg et al. 1966) gives I' =
0.20 + 0.09 b.

Cerium

The cadmium ratios for capture in 1*°Ce and
142Ce were measured relative to gold. Samples
containing 5.66 mg/cm? of cerium and 0.0015mg/
cm? of gold were irradiated for 4 hours. The
145.6-keV y ray of 32.5-day !*'Ce and the
294-keV y ray of 33-hour ***Ce were measured
relative to the 412-keV gold y ray. Three irradia-
. tions were made.

140Ce
The averaged result was

Rcd(14oce)/Rcd(197Au) = 8.21 i 0.03

or . ‘
Res(**°Ce) = 13.74 + 0.05.

Assuming that F = 1 and G, = 1,
56(1*°Ce) = 0.476 + 0.003.

The value Iy = 0.486 b and the thermal cross
section of 0.58 b given by Lantz et al. (1964) give
5o = 0.48, in good agreement.

142Ce
The averaged result was

Reo(142Ce)/Rey(**7Au) = 5.98 + 0.02
or
Reg(1*3Ce) = 10.01 + 0.04.

Assuming that F = land G, = I,
5o(**2Ce) = 0.865 + 0.005.

This value of 5, with 6, = 0.95 £ 0.05 b (Gold-
berg et al. 1966) gives I’ = 0.73 b.

Conclusions

In Table VI the experimental and calculated s,
values and results from previous investigations
are listed. The agreement with the calculated
values is satisfactory considering the systematic
errors assigned to resonance parameters.,

There have been no previously published values
for 7*Se, 78Se, 8°Se, 13°Te, 138Ba, and '42Ce.
Our valuefor ®*Brand 27 [ is in better agreement
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with the calculated resonance integral than pre-
viously reported values.

This determination has also shown the im-
portance of p capture in the activation resonance
integral of 89Se. Other isotopes of similar charac-
teristics are now currently being examined. The

-preliminary results show that p capture is not
negligible and must be taken into account in the
calculation of the resonance integral.

Acknowledgments

We are indebted to H. Boix and R. Solanilla
for the results of their unpublished neutron
spectrum calculations and to Lachica and his
stafl for operation of the RA-1. The work was
partially supported by. funds from the Inter-
national Atomic Energy Agency, Vienna, and

C. B. Bigham worked in Argentina under their-

auspices. The continued interest, encouragement,
and assistance of J. O. Cosentino is also gratefully
acknowledged.

BiLrucH, E. G., SETH, K. K., Bowman, C. D., TABONY,
R. H,, SmiThH, R. C,, and NEwson, H. W. 1961, Ann.
Phys. 14, 3877.

Bisvopr, C. T., YVONACH, H. K., and HuizenGa, J. R. 1964.
Nucl. Phys. 60, 241.

Brock, R. C., SLAUGHTER, G. G., WesTon, L. W,, and
VonpeR LAGE, F. C. 1961. Oak Ridge Natl. Lab.
Rept. ORNL-3085. .

Boix AMAT, R. and SoLANILLA, R. 1967. Private Com-
munication.

CHEPKIN, J. G., ADAMCHUK, J. V., DANELYAN, L. C,, and
MURADYAN, G. V. 1967. Nuclear data for reactors,

Vol.1{I.LA.E.A)).

2483

Cort, R. E., BOLLINGER, L. M., and Tromas, G. E. 1964.
Phys Rcv 136, B703

DresNer, L. 1)60 Resonance absorptlon in nuclcar
rcactors (Pergamon Press, New York).

EMERY, J. F. 1965. J. Inorg. Nucl Chem. 27, 903.

Ewan, G. T. and TAVENDALE, A. J. 1964. Can. J. Phys,
42 2286.

GOLDm RG, M. D., MUGHABGHAB, S. F. PUrRoHIT, S. N.,
MACURNO B A. ,and MAy, V. M. 1966. Brookhaven
Natl. Lab. Rept. BNL- 325, 2nd ed. , Suppl. 2.

Hucnzs, D. J. and SCHWARTZ, R. B. 1958. Brookhaven
Natl. Lab. Rept. BNL-325, 2nd cd.

Huynn, V. D., D& BARROS, S., CHEVILLON, P. L., JULIEN,
J., LE PortTeviN, G., MORGENSTERN, J., and SAMOUR,
C. 1967. Nuclear data for rcactors, Vol. 1, p. 556
(I.LA.E.A)).

Kramir, H. H. and WaAnL, W. H. 1965. Nucl. Sci. Eng.
22,373,

KruimeENTOV, V. B. "md GRIAZEV, V. M. 1957. Sovict At.
Encrgy (English transl.), 3, 1387

Lantz, P. M., BaLDoCK, C. R., and Ipom, L. E. 1964.
Nucl. Sci. Eng. 20, 302.

Le Branc, J. M., Cott, R. E., and BoLunNGER, L. M.
1959. Nucl. Phys. 14, 120.

Mackuin, R. L. and PoMmERANCE, H. S. 1955. Proc. Ist
Intern. Conf. on Pcaceful Uses of Atomic Energy, 5,
96.

MAUNDERS, E. J. 1965, J. Nucl. Energy, 19, 959.

MOLDAUER, P. A. 1961. Phys. Rev. 123, 968.

NaAMBoODIRI, M. N., RAJAGOPALAM., M RAVINDRAN N.,
RENGAN, K., and RAMANIAH, . 1966. J. Inorg
Nucl. Chem. 23 1.

RicaBargra, G. and RICABARRA, M. D. 1960. Proc. 3rd
Inter-American Symiposium on the Peaceful Applica-
tion of Nuclear Energy, p. 15.

TatTeErsaLL, R. B., Rosg, H., Pattenpen, S. K., and
Jown’r, D. 1960. J. Nucl. Encrgy, 12, 32.

WALKER, W. H. and CopLEY, L. A. 1966. Can. J. Phys.
44, 1985. :

WEINBERG, A. M. and WIGNER, E. P, 1958. The physical
thcory of neutron chain reactors (The University of
Chicago Press, Chicago).

‘WesrcorT, C. H., WALKER W. H.,, and ALEXANDER, T. K.
1958. Proc. 2nd U.N. Intern Conf on Peaceful Uses
of Atomic Energy, 16, 70.



