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The effect is considered of the pair correlation of nucleons on the probabilities of electro
magnetic transitions in deformed nuclei. It is shown that the single quasiparticle electric 
multipole transitions near the Fermi surface will be forbidden by a factor~ A - 213 com
pared to single particle transitions. 

IT is well known that pair correlation strongly af
fects the distribution of nucleons near the Fermi 
surface and the energy spectrum of particles in 
the nucleus. 1•2 Therefore, the problem arises of 
investigating the effect of pair interaction on the 
electromagnetic transitions in the nucleus. 

We consider an axially deformed nucleus. Then 
the internal state of the nucleons is characterized 
by the component of the total angular momentum 
n of the nucleon along the nuclear symmetry axis. 
We denote by ±A. the set of ± n and the other char
acteristics of the state. The states +A. and - A. in 
a deformed nucleus are degenerate, and differ by 
the sign of the component of the total angular mo
mentum of the nucleus along the axis along which 
the nucleus is elongated. As has been shown by 
Belyaev, 1 the wave function for a system with an 
odd particle in the state + A.o has the form 

u1- = VT;;{1 +eAfEA), Vi..= Y1/2 (1-e .. /EA), (1) 

where bA. and b~ are the operators for the annihi
lation and the creation of a particle in the state 
A., EA. is the energy of the nuclear level referred 
to the Fermi surface E0, and EA.= ../ E~ +~2. As 
has been shown earlier2 the quantity ~ is deter
mined from the difference of the mass defects by 
means of the formula 

fl.= 11212E0 (N + 1) -Eo (N +2) -Eo(N) I, 

where Eo( N) is the energy of the ground state of 
a system of N particles, while I cl>~ > is the wave 
function of the ground state for a system of nonin
teracting particles. 

Let the system make a transition from a state 
with the odd particle + A.2 to the state with an odd 
particle +A.1• These states have different values 
of ~. and we shall denote this by priming uA. and 

vA.. We evaluate the matrix element for the transi
tion between these states: 

where A is the operator for the electromagnetic 
transition in the second -quantization formalism. 
Then we have 

X [(u~.,u~, + VJ..,V~,) (u1.,U~ + Vi..,V~J ]-l fl (Ui..U~ + V>.V~), 
}.. (3) 

where AA.,A.' is the single particle matrix element 
for the transition between the states A. and A.'. In 
the present case ~'-~ = o « ~ since the maxi
mum value of o is given by2 o = ~e - ~o ~ 1/Po 
~ Eo I A, where p0 is the level density at the Fermi 
surface, while the quantities ~e and ~0 denote the 
values of ~ respectively for the neighboring even 
and odd nuclei. Therefore we have the expression 
uA. u~ + vA. v~ = 1 - E~ oo/SE~. On assuming that the 
interval ~ contains many levels so that we can go 
over from summing over A. to integration we ob-
tain 

N = n (u~.u~ + v~.v~) = exp {- ~6 ;t Po 11 (b/ 11)2}. 
A 

Since o max/~~ A-113 and Po~~ A113 for de
formed nuclei, N differs from unity by a quantity 
of the order of magnitude of A -1/3• We shall there
fore, neglect the variation in the quantity ~- Then 
formula (3) assumes the form 

The matrix element is A_.., _.., =±A+, +' 
"1• "2 "2• "1 

depending on the behavior of the single particle 
operator A under time inversion. We therefore 
choose in formula (4) the minus or plus sign for 
electric or magnetic transitions respectively. 

(4) 

Formula (4) means that the so called "single 
particle" transitions in an odd nucleus are in fact 
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r··- w~/Wexp Nucleus energy WN/Wexp 
in kev 

Dy1s1 74.5 47 -2.3 

Np237 26.4 29 -1.8 
59,6 50 -3 

single quasiparticle transitions. The matrix ele
ment for such a transition will be a superposition 
of matrtx elements for the transitions of a particle 
from the state + 11.2 to the state + 11. 1 and of a hole 
from the state - 11.1 to the state - .t..2 taken with 
appropriate weighting factors. Thus, the pair cor
relation essentially alters the form of the matrix 
element for the transition, and consequently also 
the transition probability. 

We consider an electric multipole transition 
between states close to the Fermi surface when 
EA. «A. Then (4) assumes the form 

(5) 

Since EA.~ E0 /A, and A~ E0 /A213, the probability 
of this transition will be decreased by a factor of 
~A - 213 compared to the single particle transition. 

Recently Vo'ikhanski! and Gnedin3 calculated the 
single particle transition probabilities, using Nils
son's model. It was found that the calculated 
probabilities differed from the experimental ones 
on the average by one order of magnitude. Account 

of nucleon pair correlation by means of formula 
(4) improves the agreement between theory and 
experiment, at least in the case of purely electric 
transitions which depend on the nuclear model to 
a smaller extent than the magnetic ones. The re
sults of calculations for the E1 transitions in Dy161 

and Np237 are listed in the table, where wN, wN 
and Wexp are respectively the transition proba
bilities calculated according to Nilsson's model, 
those corrected for the pair correlation and the 
experimental ones. 

The author expresses his gratitude to D. F. 
Zaretski'i and V. M. Strutinskil for discussing 
these results. 
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