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Y
ABSTRACT

A peneralization of Beliaev's expression for the
nuclear moment of inertia is obhtained self-consistently
with generalized pairing. In a particular case it coinci-

des with Beliaev's expression.

RESUMD

Obtemos uma generalizagao da expressao do momento
de ineércia nuclear de Beliaev com emparelhamento renerali-

zado, tratado de maneira auto consistente. Fla coincide com

a expressao de Beliaev num caso particular.




The nuclear moment of 1inertia was calculated, in
a not so recent work by S.T.Beliaev (1) taking account the
nucleon pairing in the framework of the ACcsS model. The ex-

pression is:

1 =5 <al §x | 8> (U, Vv -vy, U ) fBa (1)
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where:

( a,B8) single particle-states
jx = angular momentum operator related to the rotation X axls
v, (u) = particle occupation ( non occupation) probabilities
fBo = coefficients that could be obtained self-consistently.
w = nuclear angular velocity.

We generalized this result, treating the pairing by

means of the general Bogoliubov's canonical transformation:

(8)

with l wo> as the vacuum states for the b's operator, such

that:

by, | ¥, > = o




c’ (Ca)‘ {s the creation ( annihilation) operator of a nucleon

o
in the stéte>a. The A's and B's coefficients in the more gene-
ral form,are complex, allowing genaralized pairing at T=0 and
T=1(3).
Wwe obtain the moment of inertia searching for the lo-
west state of the system, with a fixed average value of the

‘angular momentum about the axis of rotation X. For this purpose

"we add the term Hy to the general Hamiltonian H, such that

H' = H + H (7)

where
E
+ l 1 + _+
: H=Z% <a|lT|[B>C, Cgts I <aBlv]ys>C, Cp Cg Cy (8)
. oB oBy8
+
H=-wi <a] jx | B>cCc_ C (9)
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Calculating the average values of H' in the vacuum
state | wo > , we get:
> =% <a] Tek Vod <A -wix [B>paBed A, K (10)
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af
where:
Ap(n] is the Lagrange multiplier, to reproduce correctly the
expectation value of the number of protons (neutrons}.
-
T = kinetic energy
< (4)

V = self-consistent potential with correction due to rotations

through the density matrix pyYS



<alvip> = L (ay| v [B8) oYS§ (11)
Y6
paf = density matrix defined by:
_ P - i* 1 :
paB = <y | € CB] Vo> = i R, P (12)

Kdy = pairing density matrix, given by:
K = < s C C i P > = ¥ Ai Hi* (13}
Sy s Y 0 1 § 'y )
AaB = pairing potential:
A =2 L (aBlv]Y8) x (14)
aB 2 s Sy

We used to solve (10) the well known method[Z)that

lead us to the HFB non linear equations with self-consistent

solution;

| i i _ 1
§{<al T |B> Ag * Bug BB} = E, A
(15)
T{A* Al v <a; r‘*le>ai }= -F, Bt
é oaf B | B 1 o
Wwith oo qo A A —wix ¢ V) . (6]
p n
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We get the moment of inertia by varying <H'> with
L% |
¥ respept to Ba :
O<H"'> i A } r - i }_
T 0 + $§ 3V xp xn|8>BB+4 Z(aB|v]|Ys) x
9 B 8 ~ )
a
(17)
vkifGV;ﬁx*f fw I <a|yx|g> B
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Substituting (17) into <H> :
% % \
PA . <H>= 2T (aB|v]ys) I Aé pl Ky *U T <a|jx|B> paB
4 v§ i Y af
_yda
' T ' (18)
or
<H> =W oL w2( 2T <aljx|e> 228, (19)
o . W
2 aB

where wo is the w®w independent term of (18).

We can identify the round bracket in (19) as the
moment of inertia. This 1s obtained as seen, following a
self-consistént Cranking model where the density matrix is
constructed, taking account both the generalized pairing
and the nucleon rotation, in a iterative process.

We see that the moment of inertia:

1 =231 <aljx|B> 9%5 (20)

+ » o B




is the same Beliaev's expression (1) in one particular ca-

nonical transformation. In fact the term

8 Vo 8 Ua) fBRa

corresponds to the expected value of the C; €, operator

B

in the vacuum of this quasiparticles or in other words to
the density matrix poB for this case.

The apparent simplicity of equation (20) involves
beyond the well known hard numerical solution of HFB equa-
tions, the treatment of the rotation part with one more

Lagrange multiplier.
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