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Abstract. The internal bremsstrahlung (LB.) spectrum associated with 
the first forbidden ,8-transition of 198Au is measured using a single-channel 
N al (Tl) scintillation spectrometer. The experimental results for the LB. 
Probabilities are compared with the current KUB, Lewis and Ford, Nils
son, and Ford and Martin theories in the energy range from 550 keV to 
1 075 keV. Also a comparison with those calculated according to Nilsson 
theory after applying the shape correction factor was made. The latter 
comparison showed a good agreement all over the range of the investigated 
energy. 

Pe3IOMe. IlpH noMOllCH O,n;HOKaHaJibHoro Cl{HHTHJIHl{HOHHoro cneKTpo
MeTpa H3 Nal(Tl) H3MepeH cneKTp TopM03Horo Jiy'leHHH, CBH3HHHblH 
c nepBblM 3anpence1rnuM ,8-nepexo.n;oM B 198 Au. oKcnepHMeHTaJibHble 
pe3yJibTaTbl ,n;JIH BepoHTHOCTeii nepexo.n;a cpaBHeHbl c TeopHeH KUB, 
Jlb10Hca H ~op.n;a, HHJibccoHa, H ~op.n;a H MapTHHa B 2rnepreTHqecKo:H 
o6JiaCTH 550- 1 075 keV. C.n;eJiaHo cpaBHeHHe H co crreKTpaMH, BblqHc
JieHHblMH cor;racHo TeopHH HHJibccoHa rroc;re rrpHJIOlt<eHHH KopeKl{H
OHHoro cj>aKTopa cj>opMbl. IlocJie,n;Hee cpaaHeHHe rroKa3b!BaeT xopomee 
COBna.n;eHHe BO BCeM HCCJie.n;oBaHHOM i3HepreTH'leCICOM HHTepBaJie. 
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1. Introduction 

The phenomenon of the LB. accompanying the radiative fl-decay is of experi
mental and theoretical interest. This phenomenon has been shown firstly by As
ton [1] in his measurement on RaE. But the original theory of the LB. for al
lowed fl-transitions was suggested by Knipp and Uhlenbeck [2), and by Bloch [3] 
{KUB theory), neglecting the effect of the Coulomb field. They [2, 3] treated 
this theory by two methods. In the first, the electron was described as a par
ticle leaving the nucleus with a definite energy. On integrating this probabili
ty over the energy distribution of the electron, the probability spectrum of the 
gamma-ray was obtained. In the second, they used Fermi theory of beta decay 
according to which a neutron was transformed into a proton under the influence 
of the electron-neutrino field. Then the authors of [2,3] calculated the probabil
ity of obtaining a neutrino, an electron and a gamma-ray. These calculations 
were extended by Ch·ang and Falkoff [4] for the first and second degree of for
biddance, neglecting also the effect of the Coulomb field. Negligible differences 
between these later calcultions [4] and the experimental results of the allowed 
fl-transitions were found [5] . 

More exact calculations which take into consideration the Coulomb effect, were 
carried out by Nilsson [6), and Lewis and Ford [7] for allowed fl~transitions. Besides, 
Lewis and Ford [7] made further calculations in which the degree of forbiddance 
was introduced. Moreover, this theory [7] was extended by Ford and Martin [8] 
where the effect of the detour transition (a distinct behaviour accompanying the 
forbidden fl-transitions) was included. It was found, from the previous studies [9-
12] that a significant improvement was obtained comparing the experimental results 
of the LB. probability with those of Ford and Martin's calculations [8]. However, 
discrepancies still exist between experimental and theoretical values especially at 
higher energies. 

Therefore, further theoretical calculations for tlw l.B. probability were carried 
out [12- 14], including the shape correction factor, suggested by Konopinski and 
Unlenbeck [15, 16] to the modified KUB theory of Nilsson [6]. Consequently, a 
better improvement has been aquired comparing the experimental results with those 
of the shape corrected M.KUB theory as it will be seen later on in this work. 

2. Experimental Details 

The 198Au source was supplied by the Radio Chemical Centre Amersham (Buck
inghamshire, England) with an activity of 7.4 x 107 Bq. Four transitions with 
different energy states 303, 411, 776 and 1 088 keV were observed. Three intense 
beta groups were presented with end points 1 371, 961 and 290 keV and relative 
intensities 0.025%, 98.6% and 1.3% respectively. The contribution of the electron 
capture could be neglected due to its low intensity. Also, this radionuclide was 
classified as a first forbidden fl-transition with a half-life time 2.69 days [17]. 

The LB. spectrum of 198Au was measured with a single-channel scintillation 
spectrometer utilizing a N al{Tl) crystal of 2.54 cm diameter and 1.91 cm height 
optically attached to a 50 AVP photomultiplier. Details of the experimental ar-
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Fig. 1. Typical LB. spectrum of 198Au 

rangement and all necessary corrections applied for the measured I.B. can be found 
in our previous literature [11-14]. Consequently, the typical I.B. spectrum of 198Au 
has been obtained as shown in Fig. l. From this Figure one can see that three peaks 
at photon energies 411, 676 and 1 088 keV appeared. These peaks are mainly due 
to the contribution of the monoenergetic gamma lines. Therefore it was necessary 
to exclude these peaks from the measured spectrum, before analyzing it, in order to 
obtain the pure one. A certain procedure similar to that of Narasimha Murty and 
Jnanananda [18] was used. This procedure was suggested by El Konsol et al. [11 , 
19] and it was based on choosing a monoenergetic gamma line sources of suitable 
energies, and then by measuring the gamma line profile, under the same condition 
of the I.B. measurements, and followed by subtraction , one could easily eliminate 
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the contribution of these peaks. The pure l.B. spectrum was then analyzed into its 
constituting gamma lines by employing the variable width peeling-off-method, as 
explained in the previous articles [11-19]. This analyzed spectrum was shown in 
Fig. 2, which was corrected for crystal efficiency [18], solid angle, back scattering, 
external bremsstrahlung, iodine K- X-ray and absorption in the aluminum stopper. 
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Fig. 2. Probability of LB. for each photon energy of 198Au 

3. Results and Discussion 

The present experimental results of the l.B. probability for {3-disintegration per 
m0 c2 in comparison with that calculated theoretically on the basis of the KUB [2, 3] 
theory and the Coulomb corrected theories of Lewis and Ford [7], and of Nilsson [6] 
are presented in Fig. 3. The normalization was done at 700 ke V. From this Figure, 
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a good agreement between the present experimental results and the modified KUB 
theory of Nilsson, up to 960 keV, was obtained. Above 960 keV, the experimental 
results are higher than the theoretically calculated. This difference may be due to 
the fact that 198Au is classified as a first forbidden ,B-transition while the comparison 
is made with the theoretical calculations for allowed transition. Moreover, Table 1 
reflects this agreement by estimating the ratios between the present experimental 
values for the LB. probability and those calculated according to KUB (R1 ), Lewis 
and Ford (R2 ) and the M.KUB of Nilsson (R3 ). From this Table one can see that 
R3 is better than R 1 and R2 which shows that the Coulomb field correction in 
Nilsson modification is considered in a more refined manner than that in Lewis and 
Ford theory. 
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Table 1 

E (keV) Ri R2 R3 
550 1.07 ± 0.06 1.02 ± 0.05 0.94 ± 0.05 
620 1.00 ± 0.05 0.93 ± 0.04 0.87 ± 0.04 
700 1.19 ± 0.09 1.06 ± 0.08 0.98 ± 0.08 
780 1.45 ± 0.16 1.23 ± 0.14 1.09 ± 0.12 
865 1.60±0.17 1.28 ± 0.14 1.10 ± 0.12 
960 1.62 ± 0.14 1.25 ± 0.11 1.06 ± 0.09 

1 075 2.90 ± 0.32 1.81±0.20 1.53 ± 0.17 

To examine the effect of forbidden transition , the experimental results are com
pared with those calculated according to Ford and Martin [8] theory, as shown in 
Fig. 3. One can see that the agreement occurred between the experiment and the 
theory looks like that obtained in the previous section . In other words, it seems 
that Ford and Martin's theory of forbidden transition is of negligible effect. 

Therefore the experimental results of the l.B. spectrum are compared with those 
calculated according to the shape corrected M.KUB theory of Nilsson . This is also 
shown in Fig. 3. It is clear from this comparison that the agreement is much better 
than that obtained before, particularly at intermediate and high energy values. 

Table 2 

E (keV) R. Rs 
550 0.95 ± 0.07 0.94 ± 0.07 
620 0.87 ± 0.09 0.79 ± 0.05 
700 0.97 ± 0.09 1.00 ± 0.08 
780 1.08 ± 0.13 1.20 ± 0.10 
865 0.97 ± 0.08 1.22 ± 0.11 
960 0.90 ± 0.07 1.06 ± 0.07 

1075 1.19 ± 0.12 1.59 ± 0.14 

For the sake of more comparison, Table 2 shows the ratios R4 between the 
present experimental results and those according to the shape corrected M.KUB 
theory at different energies. Also the ratios Rs between the experiment and Ford 
and Martin 's theory were included. From this Table it is clear that the values of 
~ are better than those of Rs and much closer to unity. 

The above study may lead to the conclusion that the shape corrected M.KUB 
theory is quite satisfactory in explaining such l.B . processes of forbidden /]
transitions. This also supports the previously reported conclusion [13] that, if 
the effects of Coulomb correction, degree of forbiddance and detour contribution 
are considered in a more refined manner than those of the aforementioned theories, 
a satisfactory agreement between the experiment and the theory particularly at 
higher energy values can be detected. 
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