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Abstract : Penetration parameters are calculated for some high multipole transitions
(M3, M4) using the data available in literature. The finite values of penetration coefficients
suggest that as 1n the case of M1 transitions, for high multipole transitions the existing anomalies
can be explained in terms of penetration effects.
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1. Introduction

Accurate measurement of the internal conversion coefficients is of importance in assigning
the multipolarity of gamma transitions. Also, accurate experimental data is necessary to test
the theoretical predictions made by several authors. The use of high resolution solid state
detectors in nuclear research facilitates to measure the conversion coefficients of low and
high multipole gamma transitions accurately.

In the survey of literature, it is found that the absolute as well as relative conversion
coefficients are measured very accurately. The experimental conversion coefficients of E2
transition are in good agreement with the theoretical values. On the other hand, some
anomalies are observed in the case of M1 transitions. There is quite disagreement between
experimental and theoretical conversion coefficients of M1 transitions. The disagreement
between the theoretical and experimental conversion coefficients can be interpreted in two
ways. The first possibility is to consider the admixture of higher multipole moments, such
as, M1 + E2 type. Where such an admixture is not possible, these deviations can be
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explained in terms of the penetration effects, proposed by Church and Wenser [1]. Due to
the finite size of the nucleus, there is a finite probability for the conversion electrons to
interact with the nuclear field, thereby the conversion matrix elements are modified by
penetration matrix elements. Study of these penetration effects yields valuable information
regarding nuclear structure.

In general, if theoretical values are not in agreement with experimental values, one
can suspect the theoretical calculations. Regarding the internal conversion cocefficients, so
far several theories are developed. The different theoretical calculations are available in the
literature [2-5]. All the above theories, can explain the E2 values very accurately. In view
of the above agreement in E2 conversion coefficients, there is no possibility of suspecting

the theoretical computations.

In the case of high multipole transitions, such as E3, M3, F4, M4 etc., some
discrepancics between theory and experiment have been pointed out by Ranon er al [6]
They surveyed the most accurate cxperimental conversion coefficients of high multipole
transitions and compared them with the theoretical values of [4]. They pointed out that the
experimental values are consistently lower than the theoretical values. Later on Campbel)

and Martin [7] measured such conversion coefficients of high multipole transitions very

accurately and pointed out the samc discrepancies. Several authors attempted this
programme and confirmed that the experimental conversion coefficients of high multipole
transitions are lower than the theoretical values. Since the experimental values are lower
than the theoretical values, there is no possibility of assuming admixture of higher
multipoles. Hence, these deviations can possibly be explained in terms of the penetration
effects. In the present paper, the penetration cffects are calculated for different high
multipole transitions and the results are discussed.

2. Method of analysis
Accurate experimental conversion coefficients of some high multipole transitions
(M3, M4) are taken from the hteraturc [6-11]. The corresponding references are given
in Table 1.
The penetration coefficients have been calculated using the formula [12] given
below
o, (Th) = oy (Expt.) (] + BIA + B2 A?).

In the formula a; (Expt.), & (Th) represent the experimental and the theoretical
conversion coefficients respectively. Bl and B2 are penetration cocfficients and they are
interpolated at the required energies from the Tables of ref. [12]. The theoretical conversion
coefficients are also interpolated for the required cnergics from the Tables of ref. [4]. The
data has been interpolated using a ‘splinc interpolation programme’. Using the above
formula, A-the penetration parameters are evaluated for different transitions. The results
thus obtained are given in the Table 2.
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Table 1. The experimental and theoretical ax and ar values of different transitions.
Isotope Energy Experimental Theoretical
(KeV) (ag) (ap) References (0g) (ep
197mHg 00 165 47412 2748+192 S Bhuloka Reddy 76944 33294
(M4) etal [8]
94mNb,y 41 710137 1321.2 Ch. Suryanarayana 773.38 13847
(M3) etal [10]
91MNbyy 1045  115%5 173.87 V Laxminarayana n7 175.87
(M4) etal[11)
‘”"'Tesz 109 151£11 334.64 S Bhuloka Reddy 190.7 37434
(M4) ’ etal [8)
#5r39 3884  (0.17710006 02120002  JL Campbell and 0.181 0218
(M4) Martin [7]
Wingg 3917 044140013 054020007 JL Campbell and 0 444 0.557
(M4) Martin [7)
510,49 3363 0831003 1673+ 0014  JL Campbell and 0.854 1094
(M4) Martin [7]
Bixeqs 1639 30106 30.51 JL Campbell and 3135 3176
(M4) Martin [7]
1 8ase 66163 0.089410001 01121 J L Campbell and 0.0915 0.114
(M4) Marun [7]
MCeqy 754 007810004 00937 D Sudhkar Reddy 00666  0.0817
(M4) etal [9]
Table 2. The penetration parameters (A), expenmental and theoretical transition probabihty (T)
and hindrance factors for various transitions
Isotope Energy A T T
(KeV) (ag) (ap) (Exp) (Theory) Hindrance
M™Heeo 165 228711 75943 2908x 108  1.688x1077 53806
(M4)
MNbyy 41 143019 7.70 1.388x 108 7.2x1077 0.5184
(M3)
1My, 104.5 290+ 1.8 1.919 1.05x 1075 590x10°10  562x107
(M4)
BTeg 109 2690+ 11 12.14 412x10°10  162x1077 3953
(M4)
"Sr3g 3884 4512 54642 s61x10°5  731x10° 1302
(M4)
UMng 3917 25817 3715 7515x 107 133x104 1770

(M4)
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Table 2. (Cont'd.)
Isotope Energy A T T
(KeV) (ak) (o) (Exp) (Theory) Hindrance

WSingg 3363 339125 23113 1.600x 1075  1377x10%  8.609
(M4)

Dlxeg, 1639  376%17 3.86 2157x10°8  7031x10% 3259
(M4)

137Bagg 6616  2%15 1.60 0.004 0.021 5.832
(M4)

139mee o0 754 116£3.1 10.16 0.0117 0.0730 6.225
(M4)

The experimental transition probabilities are calculated using the formula

0.693

T(Expt.) = Tm

The life times are taken from Table of isotopes [13]. In the above calculation,
where the experimental total conversion coefficients are not available, theoretical values
are adopted. The corresponding estimates [14] are calculated using the formula given
below,

M3 = 8.7 x 10! -A%3 . E].S,
M4 = 4.8 x 105 A2-E}-S.

In the above formulae, A is mass number, E, is energy in McV and § is spectroscopic
factor. Here the value of S is taken as 1. The theoretical transition probabilitics thus
obtained are also furnished in the Table 2. Using the transition probabilities, the
corresponding Hindrance factors are estimated and given in the same Table.

The percentage deviations of theoretical conversion coefficients from experimental
values are calculated and are shown in the Figure 1.

3. Results and discussion

From the Table 2, it can be seen that the penetration parameters obtained are of
considerable size. The magnitudes of the penetration parameters indicate the extent of
deviation between theoretical and experimental conversion coefficients.

The conversion coefficients of high multipole transitions as furnished in the Table 1.
which indicate that the experimental values are lower than the theoretical values. Hence,
there is no possibility of assuming admixture due to higher multipoles. Hence, one can
suspect the theoretical tabulations, but as mentioned above since there is good agreement
between experimental and theoretical conversion coefficients of E2 transitions, doubts in
the configuration of the theoretical values can be ruled out.
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Figure 1. Deviations of theoretical conversion coefficients from the corresponding expenmental
values of various transitions.

In view of the above facts, the only way of explaining the deviation between
theoretical and experimental values, is to consider the pcnetration effects. Therefore, it is
concluded that the anomalies in the conversion data for the high multipolc transitions can
be interpreted in the frame work of penetration effects, as in the case of /-forbidden
hindered M1 transitions.

4. Conclusion

The anomalies in the conversion of high multipole transition can be possibly explained in
the frame work of penetration effects.
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