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It is shown that interference of the amplitudes of a transition of the Fermi type and of a transition of the 
Gamow-Teller type in allowed K capture with A I  = 0 leads to a nonstatistical excitation of the hypertine 
structure states of the fmal atoms. Measurement of the ensuing hyperfine shift of the x-ray lines can be 
used as a new method of determining the ratio of the Fermi and Gamow-Teller matrix elements. 
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1. Borchert et al.' and Egorov et  al.' have shown that 
the laws of angular-momentum conservation in K cap- 
ture' o r  in internal K conversion2 with a unity change of 
the nuclear spin cause the atom to be  excited in a defi- 
nite state of the hyperfine structure, namely in a state 
with total angular momentum F'') =If + 4 at  AI =If -I, 
=-1 o r  Fc-)=If -+  at1) A I  =1 (Ii and If a r e  respectively 
the spins of the initial and final nucleus). The ensuing 
x-ray K line is shifted away from the fluorescent line2' 
by an amount equal to the hyperfine shift AE'+'= @/2)I, 
o r  A E'-) = -(A/2)(lf + I), which exceeds the hyperfine 
broadening by several orders of magnitude. Measure- 
ment of these shifts'12 uncovers new ways of determin- 
ing the magnetic moments of excited states of nuclei. 
Borchert et d.' have also noted that the x-ray line shift 
mechanism is connected with the nonstatistical character 
of the population of the hyperfine-structure levels be- 
cause of the spin dependence of the amplitude of the 
allowed K capture with I = 0 for a pure Gamow-Teller 
transition. 

2. We discuss in this paper a mechanism that is con- 
nected with the Weak-interaction V -A structure and 
leads to the nonstatistical population of the hyperfine- 
structure levels in allowed K capture with A I  =O. It is  
shown that the interference between amplitudes of the 
Fermi type and of the Gamow-Teller type can lead to a 
predominant excitation of one of the components of the 
hyperfine structure of the final atoms. The reason i s  
that the sign of the Gamow-Teller amplitude depends on 
the relative orientation of the spins produced in K cap- 
ture of a neutron in the nucleus and of a hole in the K 
shell, and since the neutron spin correlates with the 
nuclear spin, the sign depends on the relative orienta- 
tion of the spins of the nucleus and of the hole, i.e., on 
the state of the hyperfine ~ t r u c t u r e . ~ '  

We illustrate the foregoing using the very simple ex- 
ample of an "ideal" specular transition. Let the K cap- 
ture be by an odd proton that is  converted into a neu- 
tron, where the angular momentum of the lat ter  deter- 
mines the spin of the final nucleus. The process can be 
described as  follows: the initial state li) = [IK) (a nu- 
cleus with spin I and a fully compensated K shell with 
zero angular momentum) breaks up into a nucleus and a 
hole in a shell with total angular momentum F'*' =I* $ 
and a neutrino with spin $, and the total angular mo- 
mentum of the system must again be equal to I. The 
matrix element of the transition takes in the nonrela- 

tivistic approximation the form 

where q,, is the angular part  of the wave function of the 
nucleus, x i p  is the spin function of the lepton, g, 
=(G,/2)[1- a(a,u,)], a! =G,/Gv=l, 25, A is the K-cap- 
ture radial matrix element (assumed for  the time being 
to be the same for the two types of transition). Using 
the relation 

we get 

where IFM) is a state of the hyperfine structure of the 
atom. Since 

- ({+I), FEZ-*I= 
(FM12 (Is.) I FM>= 

we have fo r  the ratio 6 of the hyperfine-structure com- 
ponent populations 

Since the spin of the neutron resulting from the K cap- 
ture can be either parallel o r  antiparallel to the spin of 
the nucleus (the orbital angular moment is  in this case 
1 =I*  $1, there a r e  two variants of the relative popula- 
tion: 

1 

1 '  (6 

It is seen from (6) that since a is close to unity either 
one hfs component o r  the other is  predominantly popu- 
lated, depending on the orbital angular momentum of 
the neutron. 

An exact expression for the population ratio is ob- 
tained with the aid of the Wigner-Eckart theorem. It 
takes the form 

where a, = MCT/MF, and M, and M ,  a r e  respectively 
the reduced Gamow-Teller and Fermi matrix elements. 
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Thus, measurement of the hyperfine shift, whose value 
is connected with 6 by 

yields direct information on the relative values of the 
Gamow-Teller and Fermi matrix elements. 

3. For single-particle transitions, a, can be ex- 
pressed in the form 

where 5 is  a correction that takes into account the fact 
that the transition is not single-particle (usually 5 < 1). 
We then have 

At 5 = 1 formula (10) coincides with (6). 

Thus, for single-particle transitions, depending on 
the parity and spin of the nuclear state, we get predom- 
inant population of one of the hfs sublevels that result 
from the K capture. In fact, consider, for example, the 
transitions - 5, $- - $- and let a5 c 0.6, ; we then have 
6 ~ 1 5  for the first  transition and 6-0.052 for the sec- 
ond. The formula for the shift then simplifies for I = I  
=+ and 6>> 1 the form 

and for l I + $  and 6 e  1 

The sign of the shift is  determined, given the spin, by 
the level parity, and the deviation of the shift from the 
value AE'+' (or AE'-') contains information on the value 
at. 

4. Interest attaches also to the possibility of studying 
(in addition to the heretofore known methods of angular 
f i  - y, correlations4' and to the measurement of the an- 
gular distribution of the leptons in decay of oriented 
nuclei, see, e.g., Refs. 7-91 the violation of isotopic 
invariance in nuclei with the aid of allowed K captures 
with AZ=0 and unity change of the isospin of the nucle- 
us. In this case the Fermi transition is strongly sup- 
pressed and measurement of the shift of the x-ray line 
that accompanies the K capture makes it possible to 
determine the admixture of the Fermi amplitude to the 
Gamow-Teller amplitude. 

In fact, at a,>> 1 we have 

The formula for the shift (8) takes correspondingly the 
form 

As a, - - (pure Gamow-Teller transition), Eq. (12) 
yields the shift A E = -A/2 cited in Ref. 1. The quanti- 
ties l /aaN reach values7 -4 x s o  that at sufficient- 
ly high spins (e.g., 1=4.5), the shifts can differ from 
-A/2 by several dozen per  cent. 

On the other hand, since A/2 can have values d0.1-1) 
eV, and the e r r o r s  in modern methods of measuring the 
x-ray line shifts amount to several millielectron 
volts,11314 it i s  seen from (12) that the measurement of 
the admixture l/aa, can be performed with an abso- 
lute e r r o r  

In conclusion, the authors a r e  deeply grateful to B. L. 
Birbrair, D. A. Varshalovich, K. E. Kir'yanov, V. M. 
Lobashev, A. I. Smirnov, and 0. I. Sumbaev for useful 
discussions. 

"We have in mind the case when a zero orbital momentum is  
carried away by the neutron in K capture o r  by the electron 
in conversion. 

''In photoexcitation, owing to the statistical population of the 
hyperfine-structure sublevels [proportional to (2F+ 111, the 
hyperfine interaction does not lead to a displacement but only 
to a broadening of the line; this was observed experimentally 
in Refs. 3 and 4 .  

3 ' ~  similar situation obtains in C( capture and leads to different 
level widths in the hyperfine structure of the p-mesic atom. 

4)The subscript "cp" stands for circular polarization. 
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