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Abstract The characteristics of LEPS installed in Kanazawa University were
examined in regard to the absolute counting efficiency in various low energy photon
region and several spectra of standard sources.

The applications of this system to the radiochemical study of zircon crystal grains
were made, that is, the measurements of its natural radioactivity, X-ray fluorescence

analysis with external radioisotope sources and neutron activation analysis. The list
of various elements identified by the methods applied was given.

1. Introduction

Spectrometric measurements of low energy photons are very valuable for the identi-
fication -and quantitative determination of some radioactive nuclides which emit low
energy y-rays or X-rays. Recently, for this purpose, the low energy photon spec-
trometer, called as LEPS, has been made and several commercial instruments have
become available. There are three types of semiconductor detector used as LEPS, that
is, lithium drifted silicon (Si(Li)), lithium drifted germanium [Ge(Li)]) and intrinsic
germanium. In our laboratory, we have examined some charateristics of either a Ge(L1)
detector or an intrinsic Ge detector, and these data are presented in this report with its

applications to the radiochemical studies of zircon crystals which has been also used for
fission track studies.

2. Characteristics of LEPS

2-1 Instrumentation
The detector has 16 mm active diameter and 4.95 mm active depth. This detector
having 1000 xg/cm? gold contact on its surface is set in a vacuum container having 0.13
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mm thick beryllium window. The cooling of this detector is made by liquid nitrogen
contained in vertical type cryostat. The electronic pulse from the detector is led to the
cooled preamplifier of ORTEC 117B. As shown in the block diagram (Fig.l) of this
spectrometer system, the detector bias is supplied from ORTEC 459 bias supply and the
pulse is amplified by linear amplifier of ORTEC 452, followed by a pulse height analysis
with CANBERRA 8100/e multichannel analyser. The spectrum data can be displayed on
a cathode ray tube and recorded by a teletype.

2-2 Energy resolution and counting efficiency

The energy resolution expressed by FWHM (full width at half maximum of peak
height) of this Ge detector is 280 eV at 5.9 KeV of Cr KgX-ray and530eV at 122 KeV of
%"Co y-ray at 1000 volts of operation bias. Such a high resolution of this LEPS in low
energy region is shown in some spectra for various standard sources (Fig.2a-2h). For
quantitative analysis by photon spectrometry, it is essential to know the absolute
efficiency of each full energy peak, namely the ratio of the peak counting rate to the
emission rate of a definite energy photon from a nuclide. In order to know the peak
efficiencies at various photon energies, the absolute calibration method was applied by
using several standard sources which contain a known amount of radioactive nuclide,
respectively. The vy reference sources having spectra shown in Fig. (2a-2f) were
obtained as a set from the Radiochemical Centre Amersham and used for the
measurement. Though the standard source of ***Hg in this set was not used, all other
standard sources were measured at the distance of 9 cm from a beryllium window.
From disintegration rate of each radioactive nuclide, the emission rate of a definite
energy y-ray is calculated and compared with the counting rate of a peak in that energy
region. The accuracy of the absolute efficiency depends on several factors, that is, the
reproducibility of the geometrical situation of a source to the detector, the estimation of
the exact peak area measured and the accuracy of the content of the standard
radioactive nuclides. The results as for the absolute peak efficiency are summarized in

Preamp
LEPS  fpower| ORTEC | CANBERRA 8100/2
DETECTOR - Unipolar | yiym- g
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459
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Fig. 1 Block diagram of the electronic components.
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Fig.3. It is confirmed that the detector has the high efficiency between 10 KeV and 100
KeV.
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Fig. 3 Absolute efficiency curve of LEPS [Ge].

3. Application to zircon grains

Zircon crystals contain generally a trace ammounts of radioactive materials
together with fairly high concentration of rare earth elements, though it has very low
level radioactivity. Therefore, it is interesting to measure the radioactivity of zircon
and identify the elements contained in this mineral by using various radiochemical
techniques with LEPS. The sample used is the zircon crystal grains used for ceramics,
which could be obtained from Tokyo Yogyo company.

3-1 Natural radioactivity
At first, the grain samples were packed in polyethylene tube and its natural radio-
activity was measured with the normal Ge(Li) detector” having the effective volume of 20
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cc. The y-ray spectrum shown in Fig.4 was obtained. The sharp peaks obtained are
those of *''Bi and *''Pb which belong to the uranium series. Beside these peaks, other
peaks due to ***Ac and *"T] were also observed, showing the existence of thorium
series elements. The low energy spectum of the sample was also measured by spreading
the grains on a mylar sheet and setting the mylar on the head of LEPS. The spectrum
shown in Fig.5b was obtained. Each peaks observed in this spectrum is identified as
follows; the peaks due to the nuclides which belong to uranium, thorium and actinium
series, the characteristic X-ray peak accompanied with the decay of those radioactive
nuclides and the fluorescence X-ray peak from zirconium and hafnium which is excited by
these radioactivity. In this way, the existence of hafnium in zircon grains could be
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easily confirmed. Besides the peaks mentioned above, the peaks of *'Th (63KeV)and
257 (185KeV) are also detected by the measurement with LEPS and can be used to
determine the content of ***U and ***U in those zircon grains.

3-2  X-ray fluorescence analysis

The excitation of fluorescence X-rays can be made more intensely by the external
sources having more radioactivity than natural one. The efficiency of such excitation
may depend on various exciting radiations having different energies. To study this
circumstance, the standard sources mentioned before were used also for the exciting
sources. The results are shown in Fig.6a-6d. It was found that the most effective
source among these nuclides was **' Am for zirconium and °’Co for hafnium. Otherwise,
if the radioactive sources are more intense or the contents of the rare earth element is
much higher, the identification of some rare earth elements may be also made by such
fluorescence X-ray analysis. The variation of maximum peak height of zirconium K,
line according to the number of crystal grains was examined by using *''Am y-ray
excitation as shown in Fig.7. In this case, samples were spread uniformly on the mylar
sheet. On the other hand, a semi-quantitative determination of zirconium with '**Ba
source was tried by confining the diameter of the zircon grain sample as shown in Fig.8
which shows also the results of this experiment. The decrease of the integral counts of
peak area in the case of large amount of samples is due to the absorption of zirconium
KX-ray by the thick layer of the sample.

;!
(2]
Fig. 6-a o
f
5 : |
B X
N w ,
= i 3 I
= 5 [ o) !
- fué ’l N o0 i
rooNX i T
RICE] B 5
JE o, FL1 i @
o I i N i
C o I
= XRFA of Zircon by 24Am
| | l | | | 1 | 1 1
0 10 20 30 40 60 70 80 30 100

50
Energy (KeV)

Fig. 6 Spectra of X-ray fluorescence analysis of zircon grains;
External excitation source; (a) **'Am (b) ***Hg (c) '"**Ba (d) *"Co



Activity Activity Activity

TTTTTTT

(A2))ABiaug
08 0L 09 0s 07 0¢ 014 ot

06

001

T T T T T T T T T TTTT] @ LI O L) B B I I 1 H I e e UL I R R B R LR R

f { Zr Ko E

01
0t

= 71 Ko
Zr Kg

p-9 ‘Sid
>-9 ‘B4
q-9 814

0z

-.._»\..

0¢

Cs Ko
¢ Ce Ka

B

02,5 Aq uoouiz Jo w44x
0¢
[

07

4,

>
3 2
o >

Q
_Oh ==
N 2'
g | g
3 3
g g
] S
o3] il
0 ()

Gd Ka

07

ot et ot o

"

s

(A2))AB12ug
0s
[
(A2))ABraug
0s
I

3 ar
~3_ ~i.
O O
S S

9 = e 8001

¢ i

{ §
[(=] 0

i : il

$ 1

; ;

y sl sl
3 8

96

HNONVIVS NQOUBSBIAl PUB VNSLVIA 1YSOII}]



Some Characteristics of Low Energy Photon Spectrometer (LEPS)
and Its Applications to Radiochemical Studies of Zrcon

105
=
=
=
=
k=2
2 L
£
?é 100 =
o E Sample
o
2 . Am-241 source
>§< | Lead
'izj ]02 _ @‘—Be window
E LEPS head
o< ~10grains
g 15,7KeV B.G. g
10 ot b e vl el
10! 100 10! 10? 10° 10

Sample Weight(mg)

Fig. 7 The variation of maximum peak height of zirconium Ke line according to the amounts
of zircon grains spread on a mylar sheet by using 2*'Am as external excitation source.

103—_'7 e
’.—
107
G -
a F
) ~ Radioactive Source (Ba-133)
v B Sample(Zircon)
= n
o
o ]OIE‘ Mylar
3 F
[N -
a. - LEPS Head
100 (I O I O Y SO VO O A 1 N WO O WO 0 0 D B AR WA A T
107 100 0 107 103 10
Sample weight (mg)
I B R T R N AR TA1 BN S A ARt
001 01 1 10

Sample thickness(mm)

Fig. 8 The variation of peak area of zirconium Ke line according to the amounts of zircon
grains in a definite geometrical configuration by using '**Ba as external excitation
source.



Hiroshi MATSUDA and Masanobu SAKANOUE

98

200

[
i (6LEL)99I-OH
> 18 e =
o~
v .
S soi-4a .
3 wzgl-n3 —
i GLL=H
E 1T »
v o [a WY —
4 -2
g0 B & 9v-5
G.m " = .
g3 °© 691-GA 48 = 9% czeS_umu
8 E 6G-24 ~ B 017 |
- 9 wyfj-up - ]
o5 : L 789
2T : 3 G617 ——
A,Hu m - 691-gA ﬁww | % Emmumw_ 4‘”%.:”
ss 2 ” g oA ———————— |
=N 8 o zz-ds
U:nlv 0 w
2° 4 o = L6-AN
- 12 3 soi-Aa
2 A ——— .
181-3H _ = = > = zzi-ds :
¥ S g ——
o> nm —
5 g UONDWYIUUY e _
2 g ; ;
2 5 g 0721 -
Wog i
o < WOBLH ——————— e
1= s : " =
K R — o) ]
o s GLIFGA ———— = —— =
;m ﬂw g qohg —— : ©
) - = TN hisi) . —
) S LB (17g1-ng = =
B - g wogH o = == . o
o ’ e f— crva g |
&v_ wy — " o GL1-q — u.hl.”|||lw m
By wy — 2 6€Z-dN - = .
M“ o —_—— Jdo m 6ez-ON — £ i = £ .
oy 0 ) o WOR I ——meo— - @D = ERR
Py N n——— == Lo =S _
oy nT > LLrm : ~ H e S 2
- K . : h n, S J
N_ax wy o0 i 4_.m oy rODJ =)
oL : - = 18L9H urzgrAg Qe " —— e ] > &
dy a7 ; SLLOA — = (6] } (8] SN
oy a5 T e i gol-Aquis — - - (SN =
e - ou-u/ =" .
©7 DL ' o L L | 1 . ;! . _
=) k=) © [=) =) =) =) (=) =] (=)
_®CCGCU.IL®& S|uno) - — — - _— —

Jouupbys Jad suno)

800 1000

600

400 Energy (KeV)

Fig. 10 -ray spectrum of neutron-activated zircon measured with normal Ge(Li) detector.
¢ : cooling time



Some Characteristics of Low Energy Photon Spectrometer (LEPS) 99
and Its Applications to Radiochemical Studies of Zircon

3-3 Neuron activation analysis

Neutron activation analysis is more sensitive method than X-ray fluorescence
analysis. The low energy photon spectrum shown in Fig.9 was obtained by irradiatingv
the grain sample in the nuclear reactor of Kyoto University, the neutron flux density (f),
irradiation time (i), cooling time (c) and measurement time (m) being shown also in this
figure. The y-ray spectra shown in Fig.10 was obtained by irradiating the zircon grain
sample in the nuclear reactor of Rikkyo University. The conditions of the irradiation
and measurement are also shown in that figure. Much more elements were identified in
these spectra by using the difference of both energy and the half-life of each nuclide
produced by neutron irradiation. Several peaks observed in the spectrum taken by the
low energy photon spectrometer are due to the fluorescence X-ray which were excited
by the radiation enitted from neutron activated nuclides. Such inner excitation should
be remarked in the analysis using low energy photon spectrometer and it is interesting
that these peaks show the existence of zirconium, ytterbium, hafnium and uranium in
the sample.

The list of various elements identified by each method applied in this study is
summarized in Fig.11 which shows the appropriate range of cooling time for activation
analysis to identify each element. The fission track study will be reported in other
report.
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Fig. 11 The comparison of various methods applied to identify various elements in zircon.
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