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Measurement of the cross section for 27Alhu2n)26Al

(Tl/2=7.l6x105Y) reaction have been made at RTNS-II around 14 MeV
using activation technique, The irradiation was performed as an add-on

experiment of a main long term,

high temperature irradiation on the

various fusion materials with maximum fluence in the RTNS-II

operation.

Reliable cross sections have been obtained from 14.1 MeV

to 14.7 MeV and the results are not fully consistent with the previous

data.

(aluminum, (n,2n) cross section,

Introduction

As well known, the structural material
activation is one of the most important issues in
the material development of the magnetic fusion
energy program-’, Aluminum has been considered
one of the low activation materials among the
structural material candidates, because of the
short lives of their main activities, However,
the (n,2n) reaction on aluminum leaves the very
long activity of about 10 years. The cross
section for this reaction had not been measured
because of its very long life and small cross
section. Therefore its evaluated cross section
has large uncertainty. Very recently, however,
Smither and Greenwood of Argonne National
Laboratory, measured the cross section using the
RTNS-II (Rotating Target Neutron Source II) of
Lawrence Livermore National Laboratory and
accelerator mass spectrometry technique, Sasao et
al, of Nagoya University, also measured the
cross section using activation technique at
Oktavian, the intense 14 MeV neutron source of
Osaka University. Their cross section data were
smaller than those of an evaluated cross section
file of ENDF/B-IV by about factor of two or
three, and also disagree with each other.

Aim of the present study is to obtain the
high reliable cross section data of the reaction
than above two by using the maximum fluence
irradiation condition among the experiments
performed at RTNS-II.

Samples and Irradiation

According to the results of the previous
experiments, we have chosen rather large size of
the sample, Aluminum disc samples of 2 cm-
diameter and 0.5 cm-thickness were machined from
high purity aluminum metal ingot. Total 21
samples were devided into 7 groups by three
discs, and lapped by Kapton tape, and fixed on an
aluminum arch frame. The samples with the frame
was positioned beside the HEDL's material
irradiation container with two temperature
furnace of the main experiment at a distance of
about 12 cm from the source position around the
rotating target to span their angles from 25 to
85 degrees with respect to the incident deuteron
beam., The main experiment was conducted to
irradiate the material samples up to the maximum
fluence of 101%(n/cm?), The experimental set up
of the present experiment is shown in Fig. 1.

14 MeV, long life activity)

Twenty-one iron dosimetry foils were put on
the surface of each aluminum disc to evaluate the
neutron fluence on the sample through the
irradiation term. In addition, seven sets of
zirconium-niobium foils were attached in front of
the each aluminum set to measure the average
energies of the incident 14-MeV neutrons, using
so called Zr-Nb ratio method, and were taken out
after first 4-days of the irradiation.

The irradiation was continued from March 26
to November 3 of 1985. Through the term, the
irradiation was stopped totally 41 times with the
exception of short term machine stops by
sparkouts, for ion source filament changings, and
so forth, The irradiation history was recorded
by acquiring the signal output of the two
calibrated proton recoil counters and two
propotional counters in the target room into a
computer system.

Activity Measurement

The irradiated samples were cooled for three
months and then shipped to Tohoku University.
The activity measurement was initiated after
additional cooling for eight months using a 70cc
Ge(Li) detector at Cyclotron Radio Isotope Center
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Experimental set up of the present
irradiation.

Fig. 1
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of the University. The distance of the samples
from the surface of the detector was 20 mm.
The measurement times were about 75 to 120 hours
per sample, and total peak counts of the 1809%eV
gamma-rays associated to the decay of the
aluminum-26(g.s.,) were between 1500 and 6000. A
typical measured gamma ray spectrum is shown in
Fig. 2. Many gamma ray lines due to the
activities of impurities in the sample are
observed besides the natural background, but
these gamma rays did not disturbed the 1809keV
line. The measurement has finished for fourteen
samples of the first and second column of neutron
target side of each group, hitherto.

The activities of the iron dosimetry foils
were also measured with the same detector system,
The activities for the zirconium and niobium
foils had been measured at RTNS-II by using a
80cc HPGe detector in the two or three days after
the taking-out the foils.
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Fig. 2 Typical gamma-ray spectrum for an
aluminum sample obtained in the
present experiment.

Fluence Determination

Determination of the fluence of the 14 MeV
neutron was done as follows. The dosimetry
reaction was the Fe(n,p) Mn
(T =312.,2days),which cross section was taken
from the ENDF/B-V dosimetry files.

The half life of the residual nuclide was not
so long enough to neglect the effect of the flux
fluctuation during the irradiation. This effect
was exactly corrected using the data of the
irradiation record above mentioned.

In the present case, the most important
correction on the fluence calculation is that on
the effect of the scattered neutrons from the
surrounding materials, The scattered neutron
spectra have been estimated by simulating the
scattering process taking account the
neighbouring materials, such as, the rotating
target copper disc and the specimen container of
the main experiment, The calculation was
performed using a Monte-Carlo code, MCNP"’ with a
NJOY processed cross section set, In order to
get the correction factors, the calculated flux
at each sample position was multiplied by the

cross section curve from the dosimetry file. The
amount of the factors was ranging from 6 to 11%.

The neutron fluence of a given sample was
simply calculated by averaging the two data for
the front and back side dosimetry data of each
sample. The average fluence was about 5x10
(n/cm®).

Mean Energy of the Irradiated Neutrons

Because the (n,2n) cross section varies
steeply with the incident neutron energy, it is
important to determine the mean energy of the
source neutrons at each sample position,

unambiguously. We have adopted the so called the
method of zirconium-niobium reaction rate
ratio6).

The mean energ}es were calculated using a
formula by Iguchi ), whose coefficients were
derived by a least squares fitting method with a
lot of reliable cross sections from 13.5 to 15
MeV, The validity of the formula was confirmed
by them at various intense 14 MeV neutron fields,
such as, Fusion Neutronics Source at JAERI,
Oktavian, at Osaka University and RTNS-II. )

The present results are summarized in Table
1. In the calculation, the effect due to the
scattered neutron, similarly as mentioned in
above were also corrected by 0,5 to 0.8%.

Results and Discussion

The results for the cross sections are also
summarized in the Table 1. The cross section for
each energy is given as an average of the two
front side samples' data. Major corrections
applied in deriving the cross sections, not
mentioned before, were those on the sum-
coincidence loss effect, on the gamma-ray self-
absorption effect, and on the finite solid angle
in the measurement of the gamma rays, and on the
effect of the large variation of the energy
width of the source neutrons with the emission
angles to the reaction rate of the steep cross
section.

The half life and gamma-ray branching ratio
data of aluminum-26 with their errors were taken
from Table of Isotopes™’.

Neutron Energies Cross Sections
(MeV) (mb)
14,08 £+ 0.04 11.6 + 1.3
14.16 t 0.05 14.3 = 1.6
14,32 £ 0.07 21.4 £ 2.4
14,37 £ 0.07 27.8 £ 3.0
14.47 t 0.08 32.0 = 3.5
14,56 + 0.10 36.1 £ 3.9
14.68 & 0.11 40.6 £ 4.4

Table 1 Present results of the cross sections
for the 7Al(n,2n) reaction around
14MeV,
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Fig. 3 Comparison of the experimental and

evaluated data for the 7Alhn2n)26Al
reaction cross section around 14 MeV.

Main error sources of the cross section given
in Table 1 are due to a statistical errors of
peak areas (1,3 - 3.2%), the uncertainty of the
gamma ray sources (2.5%) for efficiency
calibration, the uncertainty of the cross section
of the dosimetry reaction (5%), and uncertainties
due to the various corrections( 5%)., Estimated
total errors are from 10.8 to 11.2%,

The present results are compared with
previous experiments along with the evaluated
cross section files in Fig., 3. The present ones
give the smallest error band among the
experiments, Roughly speaking, three experiments
show similar trend. In detail, however, three
experimental data differ nearly by a factor of
1.5 above 14.4 MeV, Present experimental data are
consistent with those of Smither et, al. above
14.5 MeV, while below 14.5 MeV are similar with
those by Sasao et. al. ENDF/B-IV evaluation
does not reproduce any experimental data.
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