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APPLICATION OF THE EXTERNAL CONVERSION
METHOD TO THE CASE OF
A LENS TYPE SPECTROMETER

H. Matsur and K. HiroMURA*

The external conversion method of Hultberg for the determination of gamma ray intensities
is extended to the case of a lens type beta ray spectrometer. The correction factors f for photo-
electric angular distribution and for finite source and converter dimensions have been numerically

calculated for lead converter and for various source-converter geometries.

ented graphically.

1. INTRODUCTION

The study of external conversion electrons with
the high precision beta ray spectrometer is a power-
ful method of obtaining detailed information about
the intensities of the gamma rays, in particular in
cases of complex decay schemes.” Although the
Ge(Li) detector developed quite recently has several
distinct advantages of comparatively good resolution,
high luminosity and simultaneous recording of all
energies, the beta-spectrometric study of external
conversion electrons is still attractive not only be-
cause of its higher resolution but also because it can
be used for the absolute determination of the internal
conversion coefficients when it is combined with the in-
ternal conversion study with the same spectrometer.'™

The relative gamma ray intensity I, is related
to the intensity Aes of the K-shell external conver-
sion electrons observed in a beta ray spectrometer by
the relation

Lo ég, @

where =4 is the K-shell photoelectric cross section
and £ is the correction factor for photoelectric angular
distribution and for finite source and converter di-
mensions. The relative gamma ray intensities can
be determined provided the factor £ has been determ-
ined for the instrument and tables of 74 are at
hand. The ffactor for flat type spectrometer is well
known"%* and has been successfully used by many
authors,»%® but the ffactor for lens type spectrom-
eter has not yet been fully computed. Because of
the higher gathering power of the lens type spectrom-
eter it seems to be of importance to calculate the
Factor and to apply the external conversion method

* Himeji Institute of Technology, Himeji, Hyogo-
ken.

The results are pres-

to the case of a lens type spectrometer.

In the present paper, a description of the nu-
merical calculation of the f-factor for a DuMond type
ring-focusing beta ray spectrometer is given. The
results calculated for various source-converter geo-
metries are presented graphically. Some suggestions
for practical measurement are also given.

2. CALCULATION OF f-FACTOR

The experimental arrangement for the external
conversion measurements is drawn schematically in
Fig. 1 for a point source Q at a distance a from a
circular converter of radius p. The converter is,
of course, placed at the normal source position of
the beta ray spectrometer. Let %, be the source
strength in disintegrations per second, I, the number
of gamma rays per disintegration per unit solid
angle (gamma ray intensity), d the thickness of the
converter in mg-cm™?, & a so-called dimension factor
in atoms-cm?-(mg-barn)™, NJ(8) the K-shell
photoelectric cross section per unit solid angle in
the direction 6, N a factor containing all angle-
independent quantities, and 2. the solid angle sub-
tended by the slit at P. Then, the number of K
photoelectrons through the slit is

CONVERTER

\

e

Fig. 1. Schematic arrangement for the external
conversion measurement.



Sci. Rep. Hyogo Univ. Agric.

sur

SPECTROMETER
AXIS

Fig. 2. Schematic arrangement for a circular
source and a circular converter.

A= Lk dbNQ S0+ ) 55

~Ke§ J@+ ) 2+ i

with  K=ILk,dbN.
The integral extends over the converter surface c.
The angle 4 may be neglected when the slit S is
sufficiently apart from the converter. In our DuMond
type ring-focusing spectrometer with a Hubert slit,”
the Hubert slit serves both as a defining and a ring-
focusing slit. In such a case the defining slit S in
Fig. 1 may be considered to be virtual.

In the case of flat type spectrometer, the inte-
gral may be reduced to a single integral, since the
slit S is on the axis of the instrument and the angle
@ is a function of » only. But in the case of lens
type spectrometer, the double integral must be nu-
merically calculated, since the slit S is in a direction
making an angle 6 with the spectrometer axis and
the angle ¢ depends on both » and 8. The angle »
is given by
cos ¢ = (,7 “ngm si

For the practical use of Eq. (2), it is convenient
to insert the K-shell photoelectric cross section 7y
into Eq. (2). Then,

no+ cos 6. 3)

a
(GEFOLL

@

Aezx= Irkfd[?CrTFf;
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S J(O+ &) ,+ 5
- > (5)
21:50 J(8) sing-do
since Tk is given by
wx~2%N {77(0) sin 0-do. (6)

The f'is the correction factor described in the intro-
duction. In Eq. (4) the solid angle 2. has been re-
placed by the spectrometer transmission factor C,.
Thus the ffactor for a point source may be calcu-
lated by numerical integraion for the case of lens
type spectrometer, though the calculation is rather
tedious in comparison with the case of flat type spec-
trometer.

Fig. 2 illustrates the case of a circular source
and a circular converter, which is the normal case
for lens type spectrometer. In this case, the intensi-
ty of the K photoelectrons Az and the factor f are
given by

Aea=1bdC,N{ 7 (0) 8748,
kr T I 7. 1
e 7 -dr’-dé X0
=Lk, dLCrorf, )’
redred® C, 4. 10
and f= Z'P" SJ() rirat 3 Sl
21rS:J(0) -sin@-do
€))

respectively. In Eq. (7)’ %/(zxp’?) is the specific
activity of the source. The angle ¢ is again given
by Eq. (3). The angle #, and hence the function
J(#), depends on » and 6 only and not on 7’ and
[/

Since P’ must be on the source and P on the
converter, the following conditions must be satisfied:

(@ r<p’,
(b) 72472421 cos(6—6")<p?

If the values r and 0 are fixed, the conditions (a)
and (b) give the upper limits on the integral over

Fig. 3. Region limited by the conditions (a)
and (b).

10

Fig. 4. Centers Q and Q’ of the circles defined
by the conditions (a) and (b).
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Fig. 5.

the source. Thus, the integral Sr'dr’de’ gives the
area included between two circles »’=p’ and 2+
2+2r1" cos(0—-6') =7 on the source plane. The
shaded portion in Fig. 3 shows this area. The cen-
ter of the latter circle is at the point Q’ whose polar
coordinates are (r.8+x), as shown in Fig. 4. Using
the notations in Fig. 3, the area of the shaded por-
tion o is given by

o= p’2(8,—cos 0, sin ) + p2(0,—cos 0, sin 83), (9)

where 8, =arccos £’ ')z ,,_" rt (10)
- 2._pl2 1 4.2
and f>=arccos - ?’;,’l'~ [68))

It must be noted that the area o depends on r only
and not on 6. Thus, the ffactor for an extended
source is
1 r-dr-dé
I @e(y T _—
27:81’./(9) sin@-df

T
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Fig. 6. f values as a function of gamma ray
energy. Source-converter distance a: 1.5 mm.
d: Converter diameter, d’: Source diameter.

Natural Science

where ¢ () =0 when r>p+p’.

A comparison between Egs. (12) and (5) shows
that an extended source may be regarded as a point
source with the reduced source strength Zo(r)/
(mp’*). A more simple consideration leads to the
same conclusion. In Fig. 5 the shaded portion of
the source is a projection of the converter parallel
to a certain direction PQ. All the angles ¢ and
hence all the values J(#) are the same for the gam-
ma rays emitted in the direction parallel to PQ from
all the points of the shaded portion of the source.
The gamma rays emitted in the same direction from
the unshaded portion of the source do not hit the
converter and no photoelectrons are emitted. Thus,
the same conclusion described above is obtained.

3. RESULTS

The f values for various source-converter geo-
metries have been numerically calculated on the
NEAC-2230 computer at the Kobe University of Com-
merce. Since lead converters are easily obtainable
as thin foils by vacuum evaporation and have been
generally used in our laboratory, the f-factors have
been calculated for lead converter (Z=82). The
angle © was taken to be 45° which is the emission
angle of the DuMond type ring-focusing spectrometer.
For the K photoelectric angular distribution function
Jx, the values of Pratt ez al® were used.

The results are shown in Figs. 6-23. In Figs.
6-9, the calculated values of f are plotted as a func-

f
osf

200 500 1000 eNERGY in kev'™®

Fig. 7. f-values as a function of gamma ray
energy. Source-converter distance a: 1.0
mm. d: Converter diameter, d’: Source
diameter.
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Fig. 9. fvalues as a function of gamma ray

/’r energy. Source-converter distance a: 0.5 mm,
sl
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d: Converter diameter, d’ Source diameter.
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Fig. 8. fvalues as a function of gamma ray

energy. Source-converter distance a: 0.5 mm,

d: Converter diameter, d’: Source diameter. f T T

= 0% 1.0 1.5 0.5 1.0 .5

a in mm a in mm

Fig. 10. f-values as a function of source-con- Fig. 11. fvalues as a function of source-con-
verter distance «. Source dimeter d’: 6 mm. verter distance a. Source diameter d’; 5mm.
d: Converter diameter. d: Converter diameter.
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Fig. 12. f-values as a function of source-con-
verter distance a. Source diamater d’: 4
mm. d: Converter diameter.
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Fig. 14. f-values as a function of source-con-
verter distance a@. Source diameter d’: 2
mm. Converter diameter d: 2mm.
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Fig. 13. f-values as a function of source-con-
verter distance a. Source diameter d’: 3
mm. d: Converter diameter.
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Fig. 15. f-values as a function of source diam-

eter d’. Source-converter distance a: 1.5mm.
d: Converter diameter,
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Fig. 16. f-value as a function of source diam- 4 in'em
eter d’. Source-converter distance a: 1.0 Fig. 17. fvalues as a function of source diam-
mm. d: Converter diameter, eter d’. Source-converter distance a: 0.5

mm. d: Converter diameter.
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Fig. 18. f-values as a function of converter diam- Fig. 19. f-values as a function of converter diam-
eter d. Source-converter distance a: 15 eter d. Source-converter distance a: 1.5
mm. d’: Source diameter. mm. d’: Scurce diameter.
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Fig. 20. f-values as a function of converter diam- Fig. 21. f-values as a function of converter diam-
eter d. Source-converter distance a: 1.0 cter d. Source-converter distance a: 1.0
mm. d’: Source diameter. mm. d’: Source diameter.
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Fig. 22. f:values as a function of converter diam- Fig. 23. /-values as a function of converter diam-
eter d. Source-converter distance a: 0.5 eter d. Source-converter distance a: 0.5
mm. d’: Source diameter. mm. d’: Source diameter.
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As expected, the f val-
ues increase with energy in the low energy region,

tion of gamma ray energy.

Figs.
10-14 show the variations in the f values with the
In Tigs. 15-17, the f

values are plotted as a function of source diameter,

and are nearly constant for higher energy.
source-converter distance «.

and in Figs. 18-23, the values as a function of con-
verter diameter. From these figures the nccessary
accuracy of the source-converter system may be es-
timated.
£ it is advisable to use the larger source and smaller

converter and to keep the source far from the con-

In order to obtain the accurate values of

verter. Although the “absolute” values of f vary
largely with the source and converter dimension, the
variations in the “relative” values for various gamma
ray energies are not so large. Thus, it is rather
easy to obtain the accurate relative values of f and
hence to determine the accurate relative intensities
of gamma rays with the external conversion method.
In comparison with the source dimension, the con-
verter dimension has a larger influence on the /[
values. Fortunately, the difficulty is not so serious,
because the lead converter with an accurate diameter

It
should be emphasized that the source diameter, the

may easily be prepared by vacuum evaporation.

converter diameter and the source to converter dis-
tance must be carefully determined to obtain the ac-
curate values of f.
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