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Itis shown that the electronic bridge effect in the decay of '**"Ir reported earlier strongly
contradicts the theoretical estimates of the effect as well as other experiments.

A paper recently published in JETP' reports the first
measurement of the electronic bridge effect in nuclear decay
that was predicted in Ref. 2. Observation of this effect of
higher order perturbation theory is undoubtedly of interest.
The authors of Ref. 1 reached the conclusion about the mea-
surement of the deexcitation of '*>"Ir through the electronic
bridge effect on the following basis. The coefficient of inter-
nal conversion (CIC) in the K-shell ay for the M 4-transi-
tion at 80.27 keV which they measured was 9.26 F- 0.9, while
the theoretical value according to their data was 122.1 or
21% higher. It was maintained in Ref. 1 that possible
changes of the physical premises in the calculation of CIC
(without taking into account higher orders or perturbation
theory) could only increase the theoretical value of ak .

At the same time another value of CIC was obtained for
the case discussed in Ref. 3 in which CIC in all shells of '**"Ir
were measured"’ a, (80.22 keV) = 1.04 I 3 and the inter-
polation of tabulated values® in agreement with Ref. 3 gave
for his transition ax (M 4) = 103. Thus the authors of Ref. 3
did not find disagreement with theory.

Because of the disagreement between the results of the
two articles and because the interpretation of the transition
193mTr is important for the question of measuring a new effect
in nuclear decay, we studied all facets of this case. We calcu-
lated separately the real and imaginary parts of the conver-
sion matrix elements for this transition and with their ratios
in agreement with theory” with the equations from Refs. 2, 5,
and 6 we found the relative change of CIC due to the appear-
ance of additional gamma radiation with energy 80.27 keV
through the electronic bridge effect. This change is
4107 ° 9% so that for CIC in all shells and subshells as well
as for the total CIC a it is almost exactly identical. In other
words, the change of CIC at the 80.27 keV transition of
193mIr due to the electronic bridge effect is practically zero.

At the same time we are not maintaining at all here that
theory? gives an insignificantly small effect arbitrary nuclei
and arbitrary transitions. In particular, we carried out a sim-
ilar calculation for the 75 eV transition in ***U and were
satisfied that in this case all theoretical CIC decrease due to
the electronic bridge effect by a factor of 2 X 10°, i.e., instead
of ar=23.2%x10"" (without the bridge effect)
ar = 1.6 10" is expected (with the bridge effect). This
result agrees with the results of a similar calculation for
uranium in Ref. 6. Thus if in agreement with Ref. 1, ax
(experimental) for '**™Ir really differs from the tabulated
ak and from the data of Ref. 3, then it is impossible to ex-
plain its presence by the bridge effect and a different reason
must be sought.

We first considered the effect of taking into account
screening of the CIC of this transition. In the tables*”® CIC

297 Sov. Phys. JETP 69 (2), August 1989

0038-5646/89/080297-02$04.00

was calculated in the atomic field by the self-consistent
Dirac-Fok-Schleuter (DFS) method in which the bulk in-
teraction of electrons is taken into account approximately
with a statistical model. Different authors use different val-
ues for the constant C in the expression for the bulk interac-
tion. In Refs. 4 and 8 C =1 was proposed, and in Ref. 7
C = 2/3 was proposed. We now have a program for calculat-
ing CIC with electron wave functions (WWF) for both dis-
crete and continuous spectra using the Dirac-Fok (DF)
method without any approximation taking into account ful-
ly the volume interaction.”'® This program was used for
calculating CIC of '**"Ir.

We further determine whether anomalies in CIC are
possible in this transition due to the penetration effect. This
gamma-transition is not delayed. Thus the Weisskopf exclu-
sion factor is F,, — 1, so the appearance of similar anomalies
in this case is practically excluded. The expected deviation of
CIC from tabulated values from this cause is S1% (Ref.
11). To take into account the penetration effect in nonde-
layed transitions with a tabulated calculation® we use the
Sliv model'? of nuclear transition surface currents (SC),
while in Refs. 4 and 7 the Rose model'® was used without
penetration (WP) in which the penetration effect was com-
pletely ignored. (For more details about the difference of
these models, see Ref. 11.) We consider that the SC model
more adequately describes the physical situation because it
excludes the infinity in the zero for potentials of the nuclear
transition used in model WP. We found in the case of '**"Ir
that ax (WP) is only 2% larger than ax (SC).

The value of the theoretical CIC depends on the choice
of transition energy E, . It was shownin Ref. 1 that it is 80.27
keV. The same value was used in tables'* but in Ref. 3
E, =80.22 keV was taken. With the transition from
E, =80.27 keV to E, = 80.22 keV ay decreases by 0.9%.
In our calculations we used E, = 80.27 keV.

An important question is how to take into account the
hole formed after conversion in the same atomic shell or
subshell from which the converted electron was ejected. This
question is connected with the relation between the collapse
time of the hole and the time of finding the electron in the
atom. If the K shell width of iridium is I’ = 40 eV the average
collapse time of the hole is ~2X 1077 s, i.e., the hole col-
lapses significantly more slowly than the conversion occurs
and, apparently, it is correct to consider CIC calculated tak-
ing into account the hole. In the case of '**”Ir the difference
between CIC with the hole and without a holeis =12% (the
coefficient ay calculated taking into account the hole s larg-
er than a, without taking it into account). Nevertheless,
because only a rough estimate was given above and the dif-
ference between the two versions of the calculation is large, it
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TABLE I. Theoretical values of CIC in K-shells a for the M 4 transition
with E, = 80.27 keV '**"Ir in various models.

Model
Atomic field SC WP SC WP
With account of hole Without account of hole
DF 103.5 105.4 92.29 93.94
DFSc¢=2/3 105.0 107.1 97.50 99.50
DFSc=1 108.0 110.2 100.8 102.8

Note: The energy of the K-shell of '**™ Ir was taken as 76.115 keV.

makes sense to study this problem experimentally. The val-
ues of CIC calculated in various models are given in Table I.

We estimated thé corrections to CIC due to restructur-
ing of the electron shell through conversion and consequent-
ly the possible nonorthogonality of atomic wave functions
before and after conversion. In analogy with the theory of
electron capture such a correction is often called the “vol-
ume and overlapping” correction. With respect to conver-
sion this question was studied by us in Ref. 15. Analogously
to Ref. 15, we found by calculation of the corresponding
determinants that taking into account the effect of volume
and overlapping increases the theoretical value of ax by
0.1%.

There are other possible corrections to CIC of '**™Ir:
taking into account the vacuum polarization gives a correc-
tion much less than 1%:; taking into account inter-electron
correlations for K shells in heavy atoms gives very small
corrections which are less than 1% in the present case.

Thus the assertion by the authors of Ref. 1 that refine-
ment of the model could only increase CIC in comparison
with @y = 112 has no basis. The data of Table I show that
the value of CIC in the case studied depends most of all on
the way the hole is accounted for after conversion. However,
the value ax = 103.5 in the DF model taking the hole into
account should be closest to the real value of CIC (because
the DFS model is only a statistical approximation to the
method of DF).
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Here we have considered only the theoretical side of the
question about the influence of the electronic bridge effect
and other effects on the value of ax of '**™Irin the 80.27 keV
transition and did not consider the execution of the experi-
ments themselves.* Nevertheless, one can draw the com-
pletely definite conclusion: the results of calculations and
their comparison with the results of experiments give no ba-
sis for supposing that the electronic bridge effect has an in-
fluence in the case of the decay of the 80.27 keV isomeric
level of '*™1Ir.

U In Ref. 3 the energy of the transition E, was taken as 80.22 keV and in
Ref. 1 as 80.27 keV.
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