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MEASUREMERT OF 24.3 KEV ACTIVATION CROSS SECTIONS WITH THE IRON FILTER TECHNIQUE*
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Using hlgh-re-olutlgg,detactton techniques, intenaities of specific activation linesg

from 197au(n.v)238u¢a,v),
the BNL HFER irom-filtered neutron beam.
cross sections at 24.3 koV were determined.

I(n,¥), and 115In(n,v) {54 min + 2.2 sec} were recorded, using
From a comparison with the reaction

108¢n,ov),

(24.3 keV neutron activaticn cross sectiuvns, relative 103 atandard)

I. Imtroduction

The measurement of the neutron capture cross sec-
tion leading t+. the population of a gro-'nd state un-
stable against beta decay, or an isomeric state in the
product nucleus, is a simr'es one in principle. A large
number of guch measurements have been conducted, using
& variety of methods, which cover a wide range of neu-
tron enexgies impinging on different target nuclides.

Thcse measurements have suffered, however, from
the difficulties of using a proper standard for normal-
ization of the seutron flux and the sometimes large
self shielding and multiple scattering effects that have
to be pccounted for.

In the present experiment we report the results
of such measurements on four differeni nuclei using the
activation method and counting intensities for selec-
ted strong gamma rays emitted in the decay of che pro-
duct nuclei or their daughters.

The cross sections studied were those of In-11%,
I-127, Au-197 gand U-238. Two mein points dictated the
selection of the nuclei to be used. U-238 was studied
because of the importance of this cross section in re-
actor calculations. The other three were studied
since they are widely used as standards in capture
measuremenss.

1. Experiment

The availgbility of a strong neutron beam {~ 107
n/sec) cllows the use of thin targets to obtain ade-
quate counting statistics., This reduces multiple scat-
tering effects considerably. The neutron beam was
derived from the High Flux Besm Reactor at Brookhaven
through a filcer composed of 9 inches of iron, 14 in-
ches of aluminum and 2 inches of sulfur. A sheet of
cadmium, 0.8 mm thick, was placed at the exit opening
of the neutron collimactor, which has a square cross
section area of 1" x 1".

The neutron beam energy profile derived from such
a filter is shown in Fig. 1. The flux is seen to peak
at about 24,25 keV and to have a fuil width at half
maximum of 2 keV. The beam is free of thermal neutron
as well as gamma contamination. The fast neutron com-
ponent i& measured at 1.4 x 1079 of the total flux,
while the vy background is less than 0.1 mR/hr.

Because of this distribution in the neutron flux,
one has to keep in mind that the cross sections re-
ported here are averaged over the energy interval cov-
ered by ~he neutron beam and weighted by the transmit-
ted flux distribution. The samples and a standard of
similar ares were placed in the beam, at 450 with the
direction of incidence of the neutron beam. Samples
either were larger than the beam cross section,
which was 1.25" x 1.25" at the sample position, and
thus intercepted the full neutron beam, or smaller
than the beam size and thus were immersed completely

in the neutron beam.
MASTER

NEUTRON FLUX FOR FILTERED BEAM

108 T Ty
T L) T T é.‘g lev

z 20 keV 24004a

g 0° N

o a7V — :an7/ \-

3 9inFe, 14 in A1, 2005

. . .

g 2.2 lev-// L

E /o)

210 3 uv—-// ‘

=

g / l

3 w0t _ e ]

= 27 inFu, W4 in kI, 2 inS—~y =

/ | )

@0 PR W W YO WY SO W Y /L; 2 oa g o I
00 15 20 25

NEUTRON ENERGY (kev)

Fig. 1. Erergy distribution of the iron-filtered flux.
The 9" filter was used for these measurements.

The sample was viewed by a 12 cm3 germanium de-
tactor whose axis was 90° with the neutron beam. The
detector viewed the sample through a two inch ®LiH
neutron shield. Gamma spectra were accumulated both
during the irradiatioin of the sampl: and the subsequent
decay after the beam was turned off.

The detector efficiency was determined. for the
same geometry, using a ceries of sources with y-
cascades overlapping the region of interest. The por-
tion of the efficiency curve pertinent to these measur-
ments is shown in Fig. 2, which includes the effect of
geometry and shielding.
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Fig. 2. The efficiency curve for the GelLi detector.
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As mentioned above one of the largest sources of
uncertainty in activation measurements is the value for
the standard cross section used in the experiment. For
a standard the 10B(n,o¥) /L1 reaction was selected since
this cross section is well established. A total cross
section of 5.9175 barns and a partial (n,c*’) cross cec-
tion of 3.4875 barns as derived from INDEF B-1II tabu-
lations, were used.

Boron samples were made of boron powder between
two glass plates. The glass was checked for boron con-
tent and was determined to be boron-free. The sample
was chemically and isotopically analyzed for borom and
103 content. It was found to be 93,14% boron of which
92.818% was boron-10. This sample was used for measur-
ing the gold activation cross sectiomn.

Once a yalue for the gold cross section was es-
tablished it was used in turn in conjunction with the
other thres samples as s standard. This was done to
avoid the tendency toward settling exhibited by the
powder samples, as well as the problem of water absorp-
tion and the effects of sample holder walls.

The branching ratios for the different gamma rays
emitted in the decay process were taken from the Table
of Isotopes compilation.

Typical counting statistics in the experiment
ranged from 0.5% for gold to 2.4% for uranium. Errors
in sample thickness and non-unifoymities were less than
2.0%. Relative detector efficiency error estimates
ranged from negligible (for 115In) to 7% for V-238,
while errors in half-lives and branching ratios were in
the range of 1.0 to 3.0%. Absorption corrections for
neutrons and y-rays were typically less than 5%, except
for U-238 where absorption corrections of up to 12% for
the low energy v-rays had to be applied.

III. Results

197Augn,x)198Au

The sample consisted of a gold sheet 1.48 x 10”3
atoms/barn_thick combined with a boron sample which was
3.24 x 10°3 acoms/barn thick. We measured the intensi-
ty of the 412 kev line, following Au-198 beta decay
against the 478 keV gamua ray emittad ia the 10B(n,ov)

L1 process. The sample was irradiarsd for a period of
6lhours while the gamma ray spectrum was being recorded.
Spectra were also recorded during the decay of 198ay
for a period of 129 hours.

A third spectrum was obtained with a carbon scat-
terer in the beam and was used to obtain the beam-
dependent room background contribution ro the 478 kaV
boron line. The beam independent room background, which
ariges from the capture in boron of slow
neutrons present on the experimental floor
of the reactor,was estimated from the beam-off run
while the sample was in place in front of the detector.
This correction amounted to approximately 4%.

Using the above-mentioned values for the boron
cross section and correcting for the neutron aad gamma
ray attenuation in the sampie, one obtains & cross sec-
tion of 630 = 17 mb, cxclusive of error in the
standard.

23313!“ o)) 239U

The strongest gamma ray emitted in the decay of
239 hasp an energy of 75 keV, It is difficult to
utilize this line in an activation measurement due to
the large background expected at this energy in addi-
tion to the large variation in detector efficiency

re’ative to the 478 keV boron line energy or the al-
ternative 412 keV gold line energy which we use as
standards. However, the daughter nucleus 9Np decays,
emitting in the process a large number of higher
energy gamma rays, representing transitions in the
daughter nucleus Pu-239, Figure 3 shows the portion
of the spectrum of interest to this experiment. The
228 keV and the 278 keV lines are the strongest use-
able lines in the spectrum.
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Fig. 3. A portion of the gold-uranium spectrum.

Two separate measurements were carried out. The
first measured the uranium cross section relative to
that of boron-10. The second used gold as a standard.
The uranium samples in both experiments were 4.7 x
10"%4 atoms/barn thick. The boron sample was the same
used in conjunction in the gold measurement. The
sample was irradiated for 65.5 hours. The decay spec~
trum was accumulated for 46.5 hours.

In the second measurement the sample was made
small enough to be entirely covered by the neutron
besam. The gold sample was 6.13 x 10°% atoms/barn
thick. The samples were irradiated for a period of
55 hours. The decay run was 84 hours. The two mea-
surements agreed within statistical errors. The cross
section averaged over the two measuremente was found
to be 475 + 36 mb.

115xngn,v2115m1ngsa.o min + 2,2 gec)

The cross section for populating the 60 keV iso-
meric state in In-116 was determined by counting the
417 eV gamma ray relative to the 412 keV gold line.
Figure 4 shows that portion of the spectrum relevant
to this experiment. Three separate measurements were
taken with different sample sizes and thicknesses.
Gold was used as a standard in all three measurements.
The thickest gold sample was 1.45 x 10~3 atoms/barn
thick, while the In samples were less than 4.85 x
104 acoms/b thick. The runs were typically about 20
hours irradietion time and a few hours decay time. A
cross section of 469 + 28 mb was obtained from the
average of three measurements,

127y y) 1281

Yodine was obtained in powder form and packsged
between glass plates. The 441 keV gamma ray emitted
in the decay of I was used to measure the activa-
tion cross section.
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Fig. 4. A portion of the gold-indium spectra.

Two measurements were carried out; one relating
to the cross section of gold, and the second relative
to the cross section of In, The I samples were 4.80 x
10-3 atoms/barn thick while the gold was 1.54 x 10-3
atom/barn and the indium was 5.84 x 10™* atoms/barn
thick. The runs consisted of a 22 hour irradiation
time for the gold-reference run and two hour {irra-
diations for the In-reference run., Decay times of
a few half livea werz taken. An average cross section
of 722 £ 47 uwb was obtained when averaging the two
runs.

IV. Discussion of Results
197Au

The preseut result of 630 + 17 is in good
agreement with the resulta of Macklin® at Oak Ridge.
Macklin has megsured the Au capture cross section
relative to a Li flux monitor. When this cross sec-
tion, measured in 250 eV intervals, is folded into the
spectral distribution of the 24 keV Fe-filtered beam,
a value of 622 mb fs obtained. The agreement between
the two methods fs excellent.

238,

The interpolated value, for Yzaeu(n,v) at 24,3 kev
in the ENDF/B IV evaluation’ is 487 mb. The present
value of 475 * 36 mb is in good agreement with this
evaluation.

1275

Activation results with a Sb-Be source from
Robertson? yield a value of 832 % 26 mb, while the
corrected sphere transmission results of Schmitt and
cOok5 yield 768 = 90 mb, The same data as interpreted
by Bogart and Semlersyield 800 + 80 mb, The present
result of 722 £ 47 mwb is significantiy lower than the-
Sb-Be measurement, but in agreement with the trans-
mission measurements.

1151n (56 min + 2.2 sec)

This activity can be accuratelv measured bv the

present technique since the daughter 1165, contains a
Y-ray at 417 keV, clc:  to 412 keV Au standard. The

present value of 469 + 28 mb is lower than _the value
of 580 £ 40 reported by Chaubey and Seghal, who used
an Sb-Be source. Their velue is, however, based on
Cgct(I) = 820 mb at 24 kev. Renormalized to the value
measured here, the Chaubey and Seghal result would be
511 £ 35 mb, in reasonable agreement with our
measurement.,
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