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ABSTRACT 

The possibilities of the application of scintillation counters for the 

detection of electrons and analysis of beta spectrq. are described. The 

figures of merit and the uses in particular cases are pointed ouL The 

setting-up of the scintillation spectrometer and the analysis of the beta 

spectra of some standard ~sourc:e_s· is described. The corrections of the 

beta spectra for resolution and backscattering are reported. Beta-gamma 

coincidence measurements on Rh 
106 

have been performed. 
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I. INTRODUCTION 

In the past few years, a new auxiliary tool in beta spectroscopy has 

been used, the scintillation spectrometer. l-
8 

Although this is not a high

precision instrument, one can obtain certain advantages in special cases 

which make it a powerful tool in nuclear spectroscopy. 

The resolution of the scintillation spectrometer depends on the energy, 

which is not the case with most magnetic spectrometers. For the 0.624-Mev 
. 137m 

converswn peak of Ba , the resolution of the former is about 14%, while 

that of the latter can be 0.1%. 

The transmission in the scintillation spectrometer can be high; in 

certain cases it is practically 100%. The ordinary magnetic spectrometers 

can have a transmission up to 10%. Owing to the fact that the transmission is 

high, the scintillation spectrometer is convenient for the detection of weak 

activities. If a multichannel pulse-height analyzer is coupled with a scin

tillation spectrometer, the entire spectrum can be studied at the same time, 

thus reducing to a great extent the time required for measurement. For this 

reason the scintillation spectrometer is also very useful for the analysis of 

beta spectra associated with short-lived activities. These advantages plus 

the fast response (10 - 8 sec.) make this instrument a valuable tool in beta 

spectroscopy. 

>'~ 
This work has been done partially at the Lawrence Radiation Laboratory 

by one of the authors (H. E. B.) under the auspices of the U.S. Atomic 

Energy Commission. 

tFe llow from Consejo Nacional Investigaciones; on leave from Univer sidad 

de La Plata, Argentina. 
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In Section II, the setting -up of the scintillation spectrometer for the 

analysis of the beta spectra is 'described. In Section III, calibrations of 

energy and resolution are shown. In Section IV, the analysis of beta spectra 

of some standard sources is described. In Section V, the corrections to the 

beta spectra for resolution and backscattering are reported. Section VI 

deals with beta-gamma coincidences, the following and Section VII with 

positron spectra. 

II. SETTING UP A SCINTILLATION SPECTROMETER 
FOR ANALYSIS OF BETA SPECTRA 

The scintillation spectrometer for analysis of beta spectra differs 

from the conventional one for gamma spectroscopy in the scintillator and its 

mounting. 

A. Scintillator 

In order to determine which crystal is appropriate to detect electrons, 

one must review the properties of the different crystals. Sodium Iodide 

(Tl activated) shows the highest luminiscent yield. The yield of anthracene 

is SOo/o of that of Nai(T l). To use Nai(Tl) for detection of electrons, one must 

mount the crystal in a sealed can to avoid moisture, or alternatively, in

troduce both crystal and source into a vacuum chamber. 

The backscattering of the electrons that impinge on the crystal is the 

limiting factor of this technique. When the electrons are scattered, they lose 

part of their energy in the crystal and then escape; so the energy recorded 

by the crystal 1s less than that of the electron. Han appreciable percentage 

(more than lOo/o) of electrons is scattered out, the spectrometer will record a 

greater number of low-energy pulses than the actual number of electrons of 

these energies, which have been completely absorbed in the crystal. As a 

consequence, in the Kurie plot of an· allowed spectrum, an upturn will appear 

at low energies. For this reason, it is necessary to choose a crystal in 

which the fraction of the backscattered electrons 'is reduced. 

The percentage of backscatter.ed electrons depends on the atomic 

number of the constituents of the crystal and increases with increasing z. 
In Nai(Tl), only 20% of the total number of electrons is absorbed completely. 

On the other hand, in anthracene 80 to 90o/o of the impinging electrons are 

absorbed. This is the most important reasori that anthracene is used instead 

of Nai(Tl) for the detection of electrons, even in the case of a pure electron 

emitter. 

. ~-
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Anthracene has the highest efficiency of organic scintillators. The 
o o· 

emission spectrum extends mainly between 3700 A and 4450 A. The decay 
-8 

constant is (2.7 ± 0.5) x 10 sec. Johnston et al. have studied the linear 

response of anthracene crystals at low energies; their results can be seen 

in Fig. 1. 
1 

In Table I some characteristic constants for different crystals 

are summarized. 

B. Setting up the scintillator 

In order to get the best features, one must take into account the 

resolution and backscattering. The first is improved by increasing the 

collection of photons emitted by the crystal. The backscattering effect can 

be reduced by different arrangements of the crystal. There is one setup 

in which the backscattering is reduced to a great extent: the source is 

sandwiched between two pieces of anthracene (Fig. 2). 
2 

This kind of arrange

ment is restricted to the detection of pure beta emitters. With another 

mounting system, in which the source is introduced in a well crystal, the 

backscattered electrons ar~ absorbed in the walls of the well. This well 

crystal {Fig. 3) may be used with the source inside the well (case~) or 

outside (case b). 
3 

In order to eliminate the backscattering effect, one can 
. 4 

introduce the source into the crystal during the crystal1 s growth. 

As in general one does not analyze pure beta emitters, the usual 
5 

arrangement has the source outside the scintillator. The following setup 

was used in the present work (Fig. 4). A 1-in.--diatn by 1-cm-high anthracene 

crystal was introduced into an aluminum can. A lucite disk was cemented to 

the crystal and to the photocathode surface with Canadian balsam and silicon 

oil respectively. Magnesium oxide powder was introduced between the wall 

of the can and the crystal. The upper part of the crystal was covered with 
2 

a 0.2 mg/cm aluminum foil in order to optimize the light collection. Since 

the backscattering effect is reduced with decreasing angle of incidence of 

electrons, a collimator was placed between the source and the crystal. 

C. Relative-positions between the source, detector 1 and collimator. 

The effect of absorption of electrons in air has been calculated. In 

order to study the variation of the backscattering effect as a function of the 

source-to-crystal distance, we have used as a reference the low-energy 

b 137 137m (O 6 4 M ) eta· spectrum of Cs and the conversion line of Ba . 2 ev . 



Table I 
-

Some characteristics of scintillators 

Scintillator Density Refractive Maximum emission 
3 wav~ length 

(gm/cm ) Index 
(A) 

Sodium iodide 3.67 1. 77 4100 

Anthracene 1.25 1.59 4400 

Trans- stilbene 1.16 1.62 4100 

Xylene-terphenyl 0.86 1.50 4000 

Polystyrene-

tetraphenyl-

butadiene 1.06 1.59 4000 

-! 

Decay 

constant 
( 1-1) 

250 

36 

6 

3 

3 

<. 

Yield 

100 

48 

28 

23 

17 
I 

0' 
0 

c:::: 
() 
?;:! 
~ 
I 

00 
'.0 
N 
fl::>. 
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The variation of the ratio of intensity of the spectrum at different 

energies to intensity of the conversion line has been studied as a function of 

the source-to-crystal distance and for different thicknesses of the collimator, 

which is placed 2mm away from the source. The resolution is not affected by 

the collimator. The best results were obtained when the source was placed 

at a distance of 2 em from the detector and a diaphragm 2 mm thick and 2mm 

in diam. was interposed 2 to 4 mm from the source. Even though the source 

is placed at a distance of 2 em from the detector, there is still an appreciable 

absorption by the air. If it is desired to study the shape of the spectrum the 

source-detector system must be introduced into a vacuum chamber. 

III. CALIBRATION OF THE SPECTROMETER 

In order to determine the energy of the beta spectrum, it was necessary 

to calibrate the instrument with standard conversion lines. Figure 5 gives the 

beta spectrum and conversion line from Cs 
137 

The resolution for this varies 

from l2o/o to l8o/o. The conversion lines from Bi 
207 

of 0.976 Mev, corresponding 

to the transition of 1.064 Mev (K-conversion of the transition 'Of-:tHe ·1.:633.::.Mev 

level) and those of 0.544 Mev and 0.477 Mev corresponding to the L and 

K-conversion, respectively, of transition of 0.569 Mev level, are plotted 

in Fig. 6. The conversion line (K + L) of 0.175 Mev from In 
114

m is plotted 

in Fig. 7. The experimental data and resolution of conversion lines from 

different authors, are in Table II. 

IV. ANALYSIS OF BETA SPECTRA OF STANDARD SOURCES 

60 
Beta Spectrum of Co 

60 
The most intense component of the beta spectrum of Co has an 

energy of 0.319 ± 0.003 Mev and is an allowed transition. 
10 

The resulting 

spectrum is plotted in Fig. 8, and the corresponding Kurie plot is seen in 

Fig. 9. The mean value for the maximum energy, which was determined in 

a series of measurements, is 0.326 ± 0.003 Mev. 

32 
Beta Spectrum of P 

A single beta transition occurs between the 1+ level of P
32 

and the 
32 11 

0+ level of S . The transition is allowed although a forbiddennes s factor 

was pointed out by Porter et al. 
12 

The characteristic beta spectrum and the 

corresponding Kurie plot are represented in Figs. l 0 and 11, respectively. 
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Table II 

Resolution of the standard conversion lines obtained with scintillation 

spectrometers by various authors. 

Substance Energy Resolution (o/o) 
(Mev) 

Bisi et aL
0 R' .7 lCCl Freedman Johnson Present 

et aL 8 . et al. 9 authors 

I~ 114m 0.175 25 

Bi207 0.477 16 18 

Ba 
137m 

0.624 11 13 18 12.9 13.8 
Bi207 0.976 11 13 

One can clearly see the departure from linearity down to 1 Mev. After a 
series of measurements, the value of 1.706 ± 0.011 Mev was assigned to the 

32 
maximum energy of the beta spectrum of P The value obtained with a 

magnetic spectrograph is l. 711 Mev. 
12 

137 
Beta Spectrum of Cs 

137 
As is well known, the beta spectrum of C s is complex; a weak 

branch of a maximum energy of Ll8 Mev and a strong one of 0.52 Mev are 
13 

the two components. We have employed two sources: a weak one in which 

the more energetic branch cannot 'be observed, and a strong one in which 

it can be seen. 

The beta spectrum of the first sample, with the conversion line of 

0.624 Mev, is represented in Fig. 5. The resolution of this line is 15%. The 

spectrum is known to be in the unique forbidden category, as can be seen in 

Fig.· l2(a} in the corresponding Kurie plot. This can be corrected [Fig. 12(b >J 
by applying the factor 

2 2 
C = (W0 - W) + (W - 1). 

.. . 

- ... 

·•· 
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The mean value for the maximum energy was determined to be 

0.532 ± 0.024 Mev, The beta spectrum of the second sample of Cs 
137 

is 
. 14 

plotted in Fig, 13, where one can observe the more energetic branch. 

The Kurie plot is represented in Fig, 14. The maximum energy of the 

spectrum was determined to be Ll80± 0.010 Mev, The contribution of the 

spectrum at the low-energy region is practically zero within the experi

mental error; therefore, it is not necessary to perform the subtraction. 

Considering the areas under both the beta spectrum (Sb) and the 

conversion peak (Se), we can estimate the conversion coefficient correspond

ing to the transitio~ of 0,661 Mev in Ba 
137

m This conversion coefficient 

can be expressed as 

N 
e 

w
'( 

= 
N - N b e 

= 
s 

e 

The average value obtained in three measurements is aK = 0.109 ± 0.020. 

Tables III and IV summarize the results, and compare them with 

those obtained by other authors, 

V. CORRECTIONS TO BE APPLIED TO THE BETA SPECTRA 

OBTAINED WITH SCINTILLATION SPECTROMETERS 

The measured spectrum differs from the actual because of the 

resolution and backscattering effects, If one electron of energy Er from a 

monoenergetic beam impinges on an organic crystal, because of the back

scattering and resolution events, it can be recorded when the discriminator 

. channel (with window 6 E') is set at an energy E / E'. If N(E') is the total 

intensity (per unit time) of the beam, a frac!ion M(Ei) of the total intensity 

will be recorded at each position of the channel corre.sponding to different 

energies E,, If N(E', E.) is the shape of the experimental line, the fraction 
1 1 

M(E.) is given by 
1 

where we have 
N(E',E.) .6-E. 

L (E' ' Ei) = -f-:::;::;-. _m_a_x __ 1 ___ 1 __ _ 

N(E', E.) dE. 
1 1 



Table III 

Maximum energies of the standard beta spectra obtained with scintillation spectrometers by different 

authors, 

Nuclide 

Cs 137 

Co60 

p32. 

Csl37 

Maximum energy 
Magnetic spectrometer 

(Mev) 

0.520 

0.319 

L711 

1.18 

"' 

Maximum energy, scintillation spectrometer (Mev) 

Palmer&: Laslettl5 Ricci? Bisi et al. 6 Present authors 

0.500 

1.86 

0.510 ±0.01 

0.305 :±0.005 0.320 

1.695 ±0.015 1.64 

1.2 

0.532 ± 0.024 

0.326± 0.003 

1.706 ± o.on 
1.180± 0.010 

.. 

..... 
0 
I 

c:::: 
() 
!;d 
l' 
I 
00 
--D 
N 
~ 
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Table IV 

I t 1 · if. · t f B 13 ?m b · d · h · ·11 · n erna convers1on coe 1c1en · or a . o ta1ne w1t sc1ntl atlon 

spectro~eters by various authors 

Nuclide Internal conversion coefficient 

Magnetic spectrometer 16 Ricci 7 Present authors 

Bal37m 0.110± 0.022 0.114 ± 0.022 0.109 ± 0.020 

The significance of the L(E', E.) function can be seen in Fig. 15 in which the 
1 

coincidence ~pectrum between the conversion line of Ba
137

m (0.624 Mev) 

and the x-rays, is plotted. In addition, the back scattering effect can be 

clearly seen. The fraction of the total intensity of the electrons detected at 

24 v with a channel setting 2 v wide, is 

shaded area 
total area 

When a continuous spectrum is analyzed, there is an actual distribu

tion N(E 1k) of the number of electrons per unit time as a function of the 

incident energy E'k. For each setting of the discriminator channel, there 

is a partial contribution of each N(E'k). Then the intensity per unit time 

recorded at an energy E. is the sum of all the partial contributions: 
1 

( l) 
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The intensity fraction M(Ei) recorded at Ei cannot be obtained from 

the continuous spectrum. Freedman _et al. 
8 

have given a method for obtaining 

the fraction L(Ek_ , Ei) from the observed experimental shap·e spectrum of 

standard sources of monoenergetic lines. We have chosen the following 

conversion lines: ~ • 

(a) Ba 
137

m( eK = 0.624 Mev). obtained in coincidence with the x-rays 

(b) Bi
207

(eK + L = 0.499 Mev; K/L = 3.4) obtained in coincidence with 

the l.064~Mev gamma ray 
. 207 ' 

(c) Bi (eK +L = 0.991 Mev, K/L = 4.0) obtained in coincidence 

with the 0.569-Mev gamma ray. 

In the last two cases it was necessary to subtract the coincidence spectrum 

between the Compton electrons produced in the anthracene crystal bythe 

gamma radiation arid the corresponding cascading gamma ray detected in the 

Nai(Tl) crystaL 

The experimental conversion lines, normalized to the same height, 

are plotted in Fig. 16. It can be observed that all the lines exhibit a con'stant 

tail.. The ratio of the height of the tail to the height of the peak was measured 
8 

as 0.084 (Freedman et al. reported the value 0.075 ± 0.010). Once these 

experimental line shapes are plotted, we can draw new line shapes (every 20 

kev for instance}, since the variation of the shape is smooth. One obtains 

the variation of the peak at the base and at l/4, l/2, and 3/4 of the height as 

a function of the energy, as is seeninFig. 17. Once the line-shapes are 

constructed each 20 kev according to Fig. 17, one can obtain the value for 

L(E'k' E.) by taking the area under the line E'k in one interval E. to E.+ .6.E., 
1 . 1 1 1 

and dividing by the total area under the line, according to the definition. Once 

the fractions L(E'k' Ei) are determined, they have to be introduced in Eq. (1} 

in order to obtain the actual spectrum from the measured one. As a zeroth

order approximation to N(E') one can choose M(E) .and obtain a new M 1 (E), 

and repeat this procedure until the desired convergence is obtained. We have 
. 8 

used the convergence method employed by Freedman et al. The first approxi-

mation to the actual spectrum is given by 
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32 
We have applied this correction to the beta spectrum of P Figure 18 (a) 

and (b) shows respectively the difference obtained in the Kurie plot of the 

beta spectrum of P
32 

without and with application of the mentioned correction. 

Although the departure from linearity with the correction starts at 400 kev 

- - instead of 1000 kev, there is still a limitation imposed by the efficiency of 

the crystal and the absorption by the air. 

VI. BETA-GAMMA COINCIDENCES 

For the sake of completeness and as an example of the possibilities 

of the instrument, we have chosen to measure beta-gamma coincidences in 
106 106 

the case of Rh . This nuclide decays to Pd by beta emission. The Kurie 

plot corresponding to the beta spectrum is shown in Fig. 19. The maximum 

energy was determined to be 3.5 Mev. With magnetic spectrometers, values 
17 18 

of 3.52 Mev are reported. ' 

Beta-gamma coincidences were performed by setting the discriminator 

in the beta channel at 1.550 Mev. The beta rays are in coincidence with 0.513-, 

0.620-, 1.050-, and 1.150-Mev gamma rays, as is shown in Fig. 20. These 

measurements were taken with and without 1/8-in. lead absorber in the 

gamma side, in order to determine how much of the 1.150-Mev gamma ray is 

due to solid-angle addition of 0.511- and 0.620-Mev gamma rays. The fact 

that a gamma ray of 1.150-Mev is in coincidence with a beta spectrum of 

end-point energy >1.550 Mev indicates that this gamma ray corresponds to 
106 

a ground transition from the second excited level of Pd This implies 

that this level has a character of 2+. As is known, the second excited state in 

Pd 106 was determined to be 0+, according to angular-correlation measure

ments. 19 The beta- gamma-coincidence results indicate that, in addition to 

the 0+ level at 1.140-Mev, one has to assume the presence of a 2+ leveL This 

confirms the results reported recently by Robinson, McGowan, and Smith 

on gamma-gamma coincidences from the decay of Rh
106 20 
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VII. ANALYSIS OF POSITRON SPECTRA 

It is of interest to comment on the determination of end-point positron 

spectra. It seems that the contribution of Compton electrons coming from 

the interaction of the annihilation radiation with the crystal is unimportant. 
21 

This means that there is no an appreciable amount of pile-up between the 

light flash produced by the Compton eleCtrons and the light flash produced 

in the interaction of positrons with the crystal. In order to prove this, the 

positron spectrum of Ge 
68 

was measured, its Fermi plot being represented 

in Fig. 21. The average end-point energy found was 1.950± 0.050 Mev. This 

is in good agreement, with previous measurements of 1.940 ± 0.050 Mev by 
22 

Crasemann et al. 

. VIII. CONCLUSIONS 

Our results show the possibilities of the beta scintillation spectro

meter as a tool to be used in the analysis of beta spectra, 

The method described is very useful when beta radiation from short 

half lives or weak activities are to be examined. The accuracy in the deter

mination of the maximum energy of the beta spectrum compar~d with the 

standard known maximum energies is within 5%. The beta spectra recorded 

by the scintillation spectrometer are sensitive to the degree of forbiddenness 

of the corresponding transitions. When the correction for back scattering. is 

applied, one can obtain a fairly good agreement between the Kurie plot of an 

allowed spectrum and the same Kurie plot obtained with a magnetic spectro

meter, Nevertheless, there is a limitation of the method because of the 

efficiency of the crystal for low energies and the absorption by air. If one is 

interested in the study of the shape of the beta spectrum, one has to place 

both source and crystal into a vaccum chamber in order to reduce the absorp

tion effect. 

No particular correction is needed for the proper determination of the 

end-point energy of positron spectra. 
.. 
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FIGURE LEGENDS 

Linear response of an anthracene crystal up to 120-kev incident 

electrons (From Ref. 1 ). 

Setup of the source-crystal system in order to reduce the back

scattering effect. 

Another setup of the source and crystal to reduce the back

scattering effect by using a well crystal. 

Setup of source and crystal used in the present work. 

Low-energy bera spectrum and conversion line from Cs 
137 

Conversion lines from Bi
207 

of 0.976: 0.544, and 0. 477 Mev. 

Conversion line (K+L) of 0.175 Mev from In
114

m. 

Beta spectrum from Co 
60 

after subtraction of gamma background, 

obtained with a single- channel analyzer. 
60 

Kurie plot corresponding to the beta spectrum from Co 
32 

Beta spectrum from P obtained with a single- channel analyzer. 

Kurie plot corresponding to the beta spectrum from P
32 

137 
(a) Kurie plot for the low-energy branch of the Cs beta spec-

trum. (b) Linearization of the above Kurie plot with the correc

tion factor C = (Wo - W)
2 

+ w2 
- 1 ). 

137 
Low- and high-energy beta spectra from Cs and conversion 
. 137m 

hnes from Ba . 

Kurie plot corresponding to the most energetic beta spectrum 

from Cs
137

. 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com
m1ss1on, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
imp] ied, with respect to the' accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on beha] f of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 

of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employmenL or contract 
with the Commission, or his employment with such contractor . 
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