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INTRODUCTION:  Following the last year trial, in or-
der to establish the procedures to archaeologically identify 
local groups for production of ceramics in Japan, 16 pieces 
of the roof-tiles with stamp impression from the same col-
lection as the one in last year are analyzed. They were ex-
cavated from the archaeological site in Kyoto in 1992, 
where the garrison from the Tosa domain had occupied in 
the mid-19th century. The normal type of roof-tiles in the 
collection is almost exclusively composed of the ones hav-
ing the stamp impressions of Chinese characters which in-
dicate the name of maker/atelier of the tile. 24 kinds of 
stamp impression have been recognized in this collection, 
and 23 stamp impression groups of the 24 suggest the mak-
ers in Tosa region at that time [1]. 

Despite the difference in potter’s names written in the 
impressions, it has been improbable to divide pieces in the 
whole collection into groups in terms of size and produc-
tion technique. This study thus tries to check whether the 
groups based on the difference in stamp impressions, sug-
gesting different production groups, corresponds with the 
groups of tile texture in detail. 

EXPERIMENTS:  Conventional INAA was applied to 
determine the elemental composition of samples of the 
tiles, each of which had been drilled into a fine powder as 
a sample by Maria Shinoto (Universität Heidelberg), and 
the same was also done by Johannes Sterba (Technische 
Universität Wien) at the Atominstitut in Wien (Vienna) for 
comparison [2]. In KURNS, 16 pieces of the roof-tile of 
normal type, composed of three stamp impression groups, 
were chosen; seven were from the “AKIBUN” group, an-
other seven from “AKIKANE” group, and the rest two, 
each of which had two samples for double measurement, 
respectively, from “SUMIKAWARA” group. Each 18 
samples, enclosed in a polyethylene bag, was neutron-irra-
diated, firstly at Pn-3 of KUR (1 MW) for 90 seconds to 
detect short-lived nuclides, and then at Hyd (1MW for 23 
hours and successively 5 MW for 6 hours) to determine 
long-lived nuclides. The comparative standards (JR-3, JB-
1b) were irradiated with the same condition. Around 20 mg 
was used for Pn-3 and around 30 mg for Hyd, in each sam-
ple. 

The gamma-ray spectrometry of the irradiated samples 
for short-lived nuclides had been performed four times 
based on the last year experience; just after the irradiation, 
after 15 minutes, 40 minutes, and around 20 hours. The 
photo-peak analysis for short-lived nuclides was per-
formed by using FitzPeaks [3]. Concentrations of elements 

included in the samples were estimated by comparison of 
the intensity of gamma-rays between the comparative 
standard and tile samples.

RESULTS:  Concentrations of nine elements (Na, Mg, 
Al, K, Mn, Ga, La, Sm and Th) in every sample were de-
termined. Samples irradiation by Hyd for determination of 
long-lived nuclides could not be recovered because of ad-
hesion of plastic bags for sample sealing during irradiation. 
Before the comparison with the result in Atominstitut, 
which analyzed exactly the same roof-tiles, estimation of 
the elemental concentrations for long-lived nuclides is in-
evitably required at KURNS to apply the Mahalanobis 
Distance for quantitative investigation into the 16 tiles. 
Nevertheless the following two results can be pointed out; 

a) both two sets for double measurement suggest that two
elements (Al and Mg) have a wider range of value of
concentration (table 1).

Table 1 Concentration (μg/g) of two elements determined 
for the roof-tiles “KS92-466” and “KS92-693”.

b) two elements (Na and Mn) show a clear difference in
concentration to divide 18 samples into two groups, re-
spectively, and the concentrations combination of the
two suggests the three groups, which fully correspond
with the stamp groups (Fig.1).

Fig 1 Distribution of 18 samples on the concentrations 
combination of Na with Mn.
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Tile Al Mg
KS92 4.36E+04±8.94E+02 5.27E+02±1.21E+02 
-466 5.73E+04±1.09E+03 7.06E+02±1.58E+02 
KS92 6.79E+04±1.30E+03 7.97E+02±1.77E+02 
-693 5.65E+04±1.12E+03 6.59E+02±1.47E+02 
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INTRODUCTION: In order to calibrate monitors used 
for measuring radioactive noble gases in nuclear power 
plants or reprocessing facilities, use of activity reference 
measurement standard gases shall be required. A β-ray 
counting technique using a set of multiple ventilated 
proportional counters having different lengths is general-
ly used to determine activity concentration of standard 
gases [1]. In this study, a method based on the 4πβ-γ 
spectroscopic method using a plastic scintillator (PS) as a 
β-detector was carried out to measure activity of 41Ar 
absolutely as an alternative approach. 

EXPERIMENTS: 41Ar gas was produced via 
40Ar(n,γ)41Ar reaction. Pure argon gas was filled into the 
small crystal glass container having 10 ml with atmos-
pheric pressure and was irradiated for 60 s at the bottom 
of KUR-SLY under operating at 1 MW thermal output. 
Around 300 kBq of 41Ar was produced with 7.84×1011 
n-1s-1cm-2 of the nominal flux of the thermal neutron. The
radioactive gas was transferred to a large volume con-
tainer and diluted with stable argon gas. In the present
study 5 kBq of 41Ar produced at UTR-KINKI was also
used without dilution.

A small acrylic gas container with internal dimensions 
of φ60 mm × 40 mm (113 ml) was used as the 
β-detection part of the measurement system. The entire 
inner wall of the container was lined with 1 mm thick of 
PS. In addition, to observe β-spectra from each PS set on 
three different positions (top, bottom and side) of the 
inner wall separately, a series of measurements using a 
gas container lined with 1 mm PS on the top, bottom or 
side was also carried out. The container was covered with 
aluminum tape on the sides and white tape on the top as a 
reflector, and a photomultiplier tube (PMT) was con-
nected to the top of the container and stored in a 
light-shielded case. The β-detector was placed directly 
onto the Ge detector, and the signal outputs from the β- 
and γ-detectors were fed to the signal inputs of a mul-
ti-channel analyzer (MCA) capable of acquiring data in 
list mode to obtain list data consisting of the pulse height 
from each detector and a time stamp of the detection 
time.41Ar emits γ-ray (Eγ=1293 keV) following disinte-
gration by beta minus decay to excited levels of 41K with 
branching ratio of 0.9917 [2]. In order to obtain the β-γ 
coincidence spectrum from the time-stamped pulse height 
data, the γ- signals derived within 4.5μs from the 
β-detection time stamps were considered as true coinci-

dences. β-counting efficiency εβ is determined as the ratio 
of net peak area in the coincidence spectrum nc to the net 
peak area nγ in the γ-spectrum. 

RESULTS:  Figure 1 shows the coincidence and γ-ray 
spectra obtained in the present experiment. β-counting 
efficiency determined as nc / nγ was 0.872±0.001. The 
β-spectra observed by a set of measurements using a gas 
container lined with 1 mm PS on the top, bottom or side 
were shown in Fig. 2. As shown in this figure, the spectra 
obtained from the PS on the side or the bottom were sig-
nificantly degraded as compare with a spectrum obtained 
from the PS on the top, where is closest to the PMT, in-
dicating that the difference in light collection at each po-
sition of scintillator was considered to be one of the rea-
sons for the counting efficiency decrease of more than 
10 %. 
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Fig. 1.  Coincidence- and γ-spectra obtained from 
the present measurement using 41Ar.  

Fig. 2.  β-spectra observed by a set of measure-
ments using a gas container lined with 1 mm PS on 
the top, bottom or side. 
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