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Formulas are deduced for the probabilities of single-particle electromagnetic transitions
and of B decay, account being made for pair correlation of the nucleons in heavy nuclei.

IT is well known that single-particle electro-
magnetic transitions in nuclei are determined
at low excitations by the transition of the nu-
cleon with the weakest bond. We shall show how
realignment of the Fermi surface due to forma-
tion of correlated nucleon pairs,1'4 influences
these transitions.

To describe the superfluid state of heavy nu-
clei, we can use the canonical transformation of
Bogolyubov,3 which takes into account the corre-
lation of nucleons whose states differ only in the
sign of the projection of the total momentum on
the symmetry axis of the nucleus:!

Ayt = U0y + 0B, - =ufy—oal, ufovi=1I,

@y, is the operator of nucleon annihilation in the
state characterized by the totality of quantum
numbers v,0 (o denotes the sign of the projec-
tion of the momentum with modulus equal to ).
The wave functions ¥ps are chosen such that
the transition from ¥y, to @,_ corresponds
to time reflection.

The ground state of an even nucleus is a vacuum
&, for quasi particles: ap®y= Bp®, =0. The
ground and excited (with energy less than 2A)
states of an odd nucleus can be considered as
the ground state of the corresponding even nu-
cleus plus one quasi particle:

at®y; BFD,. (1)

The excited states of the even nucleus are
characterized by the presence of at least two
(in general, an even number) quasi particles

“txptz(bo; a':-xa':zq)o; B:'xptz(bo‘ (2)

The probability of single-particle electromag-
netic transitions is determined by the matrix ele-
ments of the operators of multipole moments of
the system

whpa = 2 <V7 c Im;tl}za I V’y G' > a;tav’c's

where m;}’ o 18 the single-particle operator of
the electric (@ =0) or magnetic (a =1) multi-
pole moment of order A.

For a deformed odd nucleus we readily obtain
the probability of multipole transition, wys (A):

Wi (N) = | {va A [ TDe |1 4D 2 (o, + (=) 0y,0,,)°
+ l < V2+ l s,egtll-’)ﬂ | Vi — > |2 (uvxu’"z + (—)uvvxv"z)z' (3)

[ The probability of transition is defined as (1/2 P>
| (mwaml 2 where the averaging and summation
are over the states of form (1).] The factor (-)%
is due to the relations

A B [V 4 = () Y — [ Bl v =D,

v [ R Y — ) = (=) Y+ [ M [y =,
in accordance with the behavior of the operator
M\l under time reversal.

For a deformed even nucleus, the probability

of transition from a state such as (2) to the
ground state is given by the expression

Wi () = | (e [ M [+ > B (10,00, (=) 00,14, )?
1 A M [ — D B (1,0, (=) o) (@)

The probability of transition between the excited
states such as (2) is given by a formula analogous
to (3).

The selection rules yield A = |Q; — Q| for the
first term in (3) and (4) and A = Q4 + Q, for the
second. In heavy nuclei, transitions with A < @ +
Q, are realized as a rule. In this case the in-
fluence of superfluidity of the nuclei on the prob-
ability of single-particle electromagnetic transi-
tions is expressed by the factors (upuy, +

(—)aﬂvvlvv )? and (up, vy, + (—)C)‘v,,lu,,2 )2, which
can reduce tzhe transition probability by one order
of magnitude. (Near the Fermi surface, the fac-
2 2
tors (up,uy, - Vi, Vi, ) and (uy, vy, = Vp,uy,)
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are of the order (pyA) -2 where py is the energy
density of the levels at the Fermi surface).

A realignment of the Fermi surface changes
also the probability of 38 decay. For B~ decay
of an odd deformed nucleus without excitation of
the collective-motion levels, we readily obtain,
in analogy with (3),

Wis = Wi (ujul)? (5)

Here wy, is the probability of decay without
allowance for ‘““pairing’’; n and p denote re-
spectively the neutron and proton fluids; v, and
vy characterize initial and final states of form
(1).

The probability of B~ decay of an even-even
(odd-odd) deformed nucleus from the ground
states (to the ground states) is given by the
expressions

Wi = wge (v7uP)?,

vy Vg

Wis = wo° (ugvg)z. (6)

The transition to * decay is made by the sub-
stitution n =< p. For a decay from a ground state
to a ground state, the factors occuring when
superfluidity is taken into account are approxi-
mately 1/,.
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Formulas (3) — (6) can also be obtained in a
different manner, by expressing Wy, in terms of
a single-particle Green’s function and wyy (1) in
terms of a two-particle Green’s function. The
latter is expressed, in turn, in terms of the
single-particle Green’s function and the correla-
tion functions. The equations for these functions
have been solved for the case of superfluidity in
references 5 and 2.
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