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INTRODUCTION:  Aiming to establish the proce-
dures to archaeologically identify local groups for pro-
duction of ceramics in Japan, 20 pieces of the roof-tiles 
with stamp impression from the same collection as the 
one in the first year are analyzed this year. They were 
excavated from the archaeological site in the Kyoto Uni-
versity campus in 1992, where the garrison from the Tosa 
domain had temporally occupied in 1860s. The roof-tiles 
in the collection is almost exclusively composed of the 
ones having the stamp impressions, each of which indi-
cates the name of maker/atelier of the tile. There are 24 
kinds of stamp impression of Chinese characters, and 23 
stamp impression groups of them suggest the makers in 
Tosa region respectively [1], though there is no difference 
in size, production technique, and the appearance of tex-
ture. This study tries to check whether the stamp impres-
sion groups correspond with the groups of tile texture in 
detail, to consider whether all these roof-tiles were pro-
duced at local ateliers.  

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 and then had been enclosed in a polyethylene 
bag [2]. 18 pieces of the roof-tile of normal 
(right-sloping) type, composed of two stamp impression 
groups, were chosen; ten were from the “AKANOGIN” 
group and the others from “KATATSUNE” group. Five 
tiles of each group are of normal type. Another five of 
AKANOGIN are of left-sloping type. Among the rest 
three of KATATSUNE, one is of left-sloping type, and 
the other two are of façade-placed tiles; the decoration of 
the façade side of such tiles had been made with mould, 
meaning that this part might require finer clay through 
elutriation. One of the two façade tiles for analysis is of 
right-sloping, and another is of left-sloping, both of 
which serve two samples, respectively, from façade side 
and from back side. 
 Each 20 samples was neutron-irradiated, firstly at 
Pn-3 (1 MW for 90 seconds) to detect short-lived nu-
clides, and then at Pn-2 (1MW for 2 hours) to determine 
long-lived nuclides. The comparative standards (JR-3, 
JB-1b) were irradiated with the same condition. 15 mg 
was used for Pn-3 and 45 mg for Pn-2, in each sample. 
 The gamma-ray spectrometry of the irradiated sam-
ples for long-lived nuclides was performed one time (af-
ter around 30 days), while that for short-lived nuclides 

was done four times: just after the irradiation, after 15 
minutes, 40 minutes, and around 24 hours. The pho-
to-peak analysis was performed 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 ten elements (Al, V, Ti, 
Mg, Mn, K, Ga, Na, Sm and La) in every sample were 
determined with irradiation by Pn-3. With irradiation by 
Pn-2, concentrations of twelve elements (Yb, Lu, Nd, Rb, 
Ce, Hf, Fe, Tb, Sc, Ta, Cs and Eu) would be determined 
in every sample, though the determination has not been 
fully completed in all samples so far. Nevertheless, the 
following two results can be pointed out;  

a) two elements (Na and Mn) show clear difference in
concentration to divide 20 samples into two groups,
respectively, and the two groups fully correspond with
the stamp groups (Fig.1).

Fig 1  Distribution of 20 samples on the concentrations 
combination of Na with Mn. 

b) Fe does not show clear difference in concentration
among the KATATSUNE groups. This might tell that
elutriation for finer clay had not been operated. This
atelier might use the same texture for all types (Fig.2).

Fig  2  Mean values of Fe of the KATATSUNE group (with 
the examples of the AKANOGIN group for comparison). 
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INTRODUCTION: In order to calibrate monitors used 
for measuring radioactive xenon isotopes in nuclear facil-
ities, 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 generally used to determine activity 
concentration of standard gases [1]. In this study, a 
method based on the 4πβ-γ spectroscopy method using a 
plastic scintillator (PS) as a β-detector was carried out to 
determine β-counting efficiency of 133Xe absolutely as an 
alternative approach. 

EXPERIMENTS: 133Xe gas was produced via 
132Xe(n,γ)133Xe reaction. Naturally occurring xenon gas 
consists of seven stable isotopes was filled into the small 
acryl container having 10 ml with atmospheric pressure 
and was irradiated for 60 s at the bottom of KUR-SLY 
under operating at 1 MW thermal output. Around 3 kBq 
of 133Xe was produced with 7.84×1011 n-1s-1cm-2 of the 
nominal flux of the thermal neutron.

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. 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 connected 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 list-mode multi-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.133Xe emits γ-ray 
(Eγ=81 keV) following disintegration by beta minus de-

cay to excited levels of 133Cs with branching ratio of 
0.9912 [2]. In order to obtain the β-γ coincidence spec-
trum from the time-stamped pulse height data, the γ- sig-
nals derived within 4.5 μs from the β-detection time 
stamps were considered as true coincidences. 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. The use of naturally occurring xenon gas 
consists of seven stable isotopes could produce impurities 
of 129mXe, 131mXe, 133mXe, 135mXe, 135Xe and 137Xe. In the 
present study measurements were carried out 2 days after 
the end of irradiation, although there exist impurities (
30 % or less) of 129mXe, 131mXe, 133mXe and 135Xe. 

RESULTS:  Figure 1 shows the coincidence and γ-ray 
spectra obtained in the present experiment. β-counting 
efficiency determined as nc / nγ was 0.667±0.004. Even 
though around 0.9 of detection efficiency was obtainable 
for 41Ar by use of the same β-counter in the previous 
study [3], significant loss of detection efficiency was 
found for 133Xe. Further study should be needed to de-
termine the cause of decrease in counting efficiency and 
to improve it. 
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Fig. 1.  Coincidence- and γ-spectra obtained from 
the present measurement.  

Fig. 1.  Schematic diagram of the 4πβ-γ coinci-
dence spectroscopy system used in the present study. 
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