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As is known11-3 ' the pai ring correlations oi nucleons of the superconductive type strongly affect the properties of the 

ground- and excited states of atomic nuclei. They play t!:erefore a great role in the beta· and gamma transitions in nuclei. Undoub

tedly, the pairing correlations must influence noticeably the ra tes of alpha decays. The detailed theoretical investigations of the 

alpha transition probabilities have been carried out by many authors. e.g. '
4
•6 '. However, the influence of the superfluidity of the 

ground- and excited states on the alpha decay has not been taken into account there. In this paper we formulate the theory of the 

alpha decay within the framework of the superfluid model of the nucleus and investigate the influence of the pai ring correlations of 

the superconductive type both on the absolute probabilities of alpha ucc ... ys and, especially on the hindrance factors F 

The matrix element of the alpha decay of the parent nucleus with '1-' r. lJI ( N) ·lJI( z) represented as the product of the wave 

functions of the neutron and pro ton systems to the daughter one with 'I' = '11( N - 2) 111 ( z-2} is given by 

AI = lJI• ( N - 2 J 111 ( z - 2 ) A 'I' ( z ) 'l' ( N ). 
( 1 ) 

The operator A describing the alpha pruticle emission is given by 

( 2) 

where Bvr , bwr are the proton and neutron absorption operators, r "' + 1 '(1=_! , the states differing only in the 

s ign of r or a being conjugated under the time revers~<!. The summation v , v ( w , w') is carried out over the single-

particle proton o= neutron levels of the average fiel c. The function W 

through the potential barrier and the probability of its formation. 

describes both the penetration of the alpha particle 

We find the matrix element of the alpha decay of an even-even nucleus between the ground states. ~!aklng use of the wave 

functions121 

) 'I' 
0 ' 

taking into account the pairing correlations of nucleons we get 

M =I J1. ( p v, v } I n w, w ) u ( z - 2 ) v ( z ) II [ u ( z - 2 ) u6 ( z ) 
+-;+ _ v v sj. v s 

+ 
v, G) 

where 

2 
u ( z) ~ 1,12 t 1 + 

s 

E(s)->..(..z) 

,1 c2 (~ J +l E(s) - >..(zJ]
2 

2 ') 
V (z) n l-11" 

s s 

( 3) 

( z)' 

C ( z ) Is the correlation fun ction. >.. ( z) is the chemical potential fer the ground state of the system cmsis ting of Z 

protons, E ( s) are the single-particle energy levels. \'/hen the pairing correlations rue absent ( 3 ) takes the form : 

M ,.. IV ( p, v 1\ ( z ), v .. K ( z ) n, cu "' K ( N ), w ~ K ( N ) ) 
.. -;+-

( 4 ) 
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where we denote by K ( z) the last filled orbital of the system consisting of Z protons when the pairing correlations are 

absent. K- 1 denotes the first hole orbital, t< + 1 denotes the first particle orbital etc. From ( 4 ) it is seen that if 

there are no pairing correlations then the alpha particle can be formed out only of two neutrons and two protons that occupy the 

last filled orbitals. Since the probability of formation of the alpha particle in the nucleus is proportional to the overlap integral of 

the corresponding wave functions then it must change essentially in the transition from one nucleus to another due to the change 

in the quantum numbers of the K - level what Is not observed experimentally. The effect of the pairing correlations leads to the 

alpha particles being formed with a noticeable probability from pairs occupying many states both higher and lower than the K

state. This means that a -decay involves an averaging of participation of many nucleon levels near the Fermi surface. This 

leads one, first, to the increase of the alpha decay probability and, second, to smoothing out the fluctuations in the probability 

of the alpha particle formation in the transition from nucleus to nucleus. 

In order to distinguish between the effects of the pairing co rrelatlons of nucleons and those of other factors in alpha decays 

the following a wroximation is considered. The diagonal part of W is independent both of the quantum numbers of protons and 

neutrons , i.e. 

'II' (p,ll,llln,(U,(U) 
+-;-+- IY (pI n ), ( 5) 

W ( p, v, II I n, (Ljl (Lj2 ) = IV ( PI n (Lll' (Lj2 ) 
+-;~.~ ~~ 

( 5') 

W ( p, Ill' 112 I n, (U, (U) = IV, r ( p, v. • II I n ) 
r r . +- 1 2 I 2 ] 2 , 

( 5" ) 

In this approximation the alpha particJe formation probabilities are identical in all s tates whose weights are determined by the func 

tions U8 and v8 • Apparently, in evaluating the effect of the pairing correlations on the alpha decay such an average treatment is 

correct. 

The matrix element ( 3 ) is in the approximation ( 5 ) 

RIJ2 ~I. uv 
Z II 

7'2 7'2 
M ·dY(plnJR R 

N z 

(z-2)v (z) 11 [u (z -2)u
8
(zHv

6
(z- 2)v

5
(z) 

II sj. II S 

( 6) 

( 7) 

If we make use of the values of C and >. /7/ then, e.g., for the alpha decay of CrJH to the ground state of P~ 40 we get 
4 

the R -38 , R .. 4..') and RN . R .,. 1700 . Calculations show that for nuclei 1n the region 2.10 <A< 2.')4. 
N z z 

quantities RN · R z are within the limits 1~ RNRz < 1000 . In other words the pairing correlations increase the probabili-

ty of alpha decay to the ground sates of even-even s trongly deformed nuclei by a factor 115(}.3000 Note that, perhaps, in the alpha 

decays of nuclei being near closed shells the decrease of the transition probabilities is partially due to vanishing of the pairing 

correlations of the system with a closed shell. 

Vie find the matrix element of the alpha transition to the two-quasi-particle excited states of an even-even nucleus. Thus, for 

the alpha decay to a neutron state with quasi-particles occupying the orbitals 1 and f (I ;. 1
2 

) 
1 2 1 

we obtain 

IJ2 % 
M ( 11, ~) .. IV ( p I n 11, 1

2
) R RN ( {, 1 ) 

al' a2 z 1 2 

2 2 
RN (If 1

2
) = v1 ( N) v (f.') n [ u ( N- 2, t1 12

} u ( N) + 
1 /2 Sf' l I s s 

l 2 
2 

+ v (N-2, 11 L )v (N)l s ~ s , 

4 

( 8) 

( 9) 

.~ 
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RN( 1
1 
~) being less than unity. According to the superfluid model of the nucleus the alpha particle is in this case formed only 

from neutrons being in the states 1 and f_ • The alpha decay rate is proportional to the neutron density of v2 , v7 
l £ ~ 2 

in thes e states of the parent. The hindrance factor F is then of the form 

( 10) 

Thus, from the superfluid nuclear model it follows that the probabilities of alph ~ transitions to the two-quasi-particle states of even

even nuclei decrease by a factor R •• ; R ,(1 , I?) compared to the alpha dE>cay taking place to the ground s tate. So, fo r the 

211 
IV ft } -

alpha decay of Cm ' to the two-quasi-particle s tates of P u2·1.0 with energy up to 2 MeV RN I RN( II' 1
2

) takes values 

in the interval 150-500. No te that in the given case the blocking effect plays an important role. 

We consider a favoured alpha decay of odd nuclei in which the quasi-particle occupies one and the same orbital in the parent 

and daughter. When the odd neutron is on the orbital I the matrix element is given by 

% % 
M(I)=IV(p l n)l? •n (1), 

z "N + 1 
( 11 ) 

Ry~ (I) r ~ uw ( N- 1, I) v, , ( N + 1, I) n ( u_, ( 1\' -1, I) u
8 

( N + 1, f) 
1'1+1 c.>•f ~ s.bc.>,l 

( 12) 

+ v., ( N- 1 • I) vs ( N + 1, I) I. 

The hindrance factor takes the form 

F = 
( 13 ) 

The hindrance factor for the favoured alpha decays associated wi th the blocking effect changes in the limits in the transuranlc 

region 

1,2 < < :-1. (14 ) 

2 RN+l (I) 

As a rule, F > 3 can not be explained in such a manner. The comparison of the calculated values of F with the experimen

tal data are given in Table I. The values of F placed in brackets have been calcula ted on the basis of data i/111 taking into 

account the fact that besides the alpha particles emitted with e = 0 a fraction of them is emitted with f .. z and e = 4 

From Table I It is seen that the calculations are in a satisfactory agreement with the experimental data. 

We consider unfawured alpha decays in which the quasi-particle passes from one state to another. When the neutron passes 

from the state ~ to the state 11 ( 11 d ~) the matrix element Is 

1/ ( l l ) I' ( I I l R1'2 "' ' 1' 2 = 'CJl' -.72 P n 1 2 ) z RN + 1 ( 11 12 ) • 
( 15 ) 

where 
X 

X 
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When the alpha decay of an odd N-nucleua is unfavoured the alpha particle Ia readily formed out of proton pairs that occupy the 

orbitals near the Fermi surface, and of neutrons occupying the states 1 and f . Therefore the unfavoured alpha decays 
l 2 

are stroneJy hindered compared to the favoured ones. The hindrance factor is of the form 

RN + RN +2 

The values of 2RN +l( f}, f2J 
50 and 130. This same ratio is 

F • [ -
IV(p j n) ? r RN + RN + 2 ( 17) 

lr ( P I n 11, 12 ) 
(11• -o2 

2 RN + 1 ( 11' f2 ) 

for alpha trans itions to the ground- and hole states of strongly deformed nuclei lie betwee(l 

200.800 for alpha decays to the particle K + 2 ·state and it will exceed 103 when alpha decays 

take place to the K + 3 -and higher states. The unfavoured alpha decays to the particle excited states are more hindered compared 

to the transitions taking place to the hole states. 

The role of pairing correlations in ( 17) is demonstrated in Table 1. It is seen that the pairing correlati ens are responsable 

only for a partial decrease of the given transition probabilities. The decrease of the probability of the alpha particle formation from 

nuclecns occupying different orbitals and also some other phenomena are described by the ratio ( _ IV (P I n _J__ _ ) 2 . 

W (p! nt
1

t
2

) 
0 1 -"(12 

Since the pairing correlations contribute considerably to F then Instead of the systematization of F's depending on the quantum 

numbers of the states t
1 

and 1
2 

1121 we sh·wld made the systematization of ( W ( P I n ) ) 2 . 

The unfavoured alpha decays yield information on non-diagonal parts of W 
J:IO}• -<72 (pIn /1, 12) 

which can be used to calculate the hindtance fac -

tor for alpha decays both of odd-odd nuclei and taking place to the two-quasi-particle states of even-even nuclei. 

Thus, the pairing correlations of nucleons of the superconduct ive type affect strongly the absolute probebillties of alpha de

cays to the ground states of even-even nuclei and those of the favwred decays in odd nuclei as well as, especially, the valuea of 

the hindrance factors in the unfavoured alpha decays and alpha transitions to the two-quasi-particle levels of even-even nuclei. 

The account of the pairing correlations leads to an improved agreement between theory and corresponding experimental data. 

The obtained results are explaned directly by those properties of the ground- and excited states which follow from the super

fluid nuclear model. The numerical calculations carried out use the properties of the ground· and excited states o£171 and are comp

letely unambigous, since they are no new parameter. 

Note that the method suggested can easily be generalized to the case of the alpha decays taking place to the collected levels 

0+,2+,0-. 

In conclusion I exprPsses my gratitude to N.N. Bogolubov and T.V. Voros for the interesting discussion and to N.A. Busdavina 

for working out the routine and making numerical calculations. 
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T!l. b::.e l 

Favoured alpha decays 

State .:. - decays 
r: ~ F F 

exper. calcul. State o( - decays calcul . exper. 

9/ 2 - [7)~ l 5lcr249 -l4~m24 5 1,8 8 1 , 8 J/2 -[521] ml~ 241 8 
97 95 Am 1 , 7 1,7 

7/2 +[62~ l49cm245~147Pu241 2, 2 8 2 , 0 5/2 -[52~ Am24) II ? )9 1 , 1 8 1,7 95 - p 9) 
5/ 2 + [622] 147cm24L l45Pu239 

{ ~ , 5 
8 2 , 2 (1, 4\ 

9 ( 1 ,8 ) 5/2 -[523 Am2!l Np2)7 
{1, ) 

8 1, 7 
95 9) 

2 9 (1 , 4) 

1/2 +[&JJj 145cm241~4JPu2J7 2, 7 8 2 , 1 -[52~ Am22tNpl)5 2, .3 8 5/2 1 , 7 
1/2 + [6)~ 145Pu2J9~14Ju2 .3 5 

{ 2 , 5 
8 2 , 1 95 9) 

1, 7 10 
5/2 +[64~ llp221 Pa233 

[ J , 8 8 1 , 4 
9) 91 

5, lJ 

'l'a ble 2 

Unfavoured alpha decays 

F R-v 1" I{JV.,.J. 

1J. d. - decays f, axper. 
~ A. N+l {f, '~ } 

9/ 2 - [7J4J K Cf249 - Cm245 7/2 + [624_] K 8)) 8 80 

5/ 2 + [622) K-1 251 8 80 

5/ 2 + [622] K Cm24J _ Pu2J9 1/2 + [6n] K .3220 8 50 

7/2 - [74:ij K-1 14) 8 60 

7/2 - [74JJ K l'u2J7 -- u2JJ 5/2 + [&J?] K 1059 8 70 

)/2 -[52~ 1\ Bk245 _ Arn241 5/ 2 - [_52~ K ) 42 8 60 

5/ 2 + ~4~ K-1 29 , 4 8 57 

)/2 -[52~ K Bk24J - Am2J9 5/ 2 - [_52) K 682 8 60 

5/ 2 + ~4g K-1 68 8 57 

5/ 2 - [52~ K Am24J - Np2J9 5/2 + [642) K 1570 8 120 .. J/2 - [521.1 K+2 } 760 
8 

1/2 - ~Jo] K -1 1526 120 

5/ 2 + [642] K Np2J7_ Pa2JJ 1/2 - [539} K )400 lJ 115 .. 
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Note Added in Proof 

Prof. Rasmussen informed me that Mang and himself made the calculation of the alpha-decay rates in 
even-even nuclet taking into account the pairing correlations . 

• 


