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Mean-field approximation:
Let us assume the monopole pairing Hamiltonian
H = Hy(def) — GPTP

whereH, is the single—particle Hamiltonian and

P = E C_,Cy

v>0

IS the pair annihilation operator.
The mean—field Hamiltonian should be hermitian:

Hyr = Hy—G((PT)P+P*(P))+G(P*)(P) ,

what implies that in generah = (P)) is complex.
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The average ifP) is taken between the BCS wave
function of the following formor. ses et al. nPa 143 (1970) 1)

AD) = &N [ [un(A)+e %0, (A)cte,][0)

The pairing gapA and the gauge angte are the
generator coordinates af#P) = Ae—%®:

In the following we assume the
Gaussian Overlap Approxima-
tion of the BCS wave functions
on (A, A,) plane.
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Collective Hamiltonian

Using the GCM+GOA model (or cranking) one can
obtain the general form of the collective pairing
Hamiltoniana. cezdz et al. NPa A442 (1985) 50)

H w9 Vdet v M7
coll — e —
. 2y/det~v OA Ry O0A
_ o Im< AP ZH|AD) &
Yo b od
1 _, 07
I §h2M<I)<}) 3@2 ' V(A) 9

whereMaa andMge are the mass parameters and
~ Is the metric tensor.
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Collective pairing potential

V =< AD|H|AD) — ¢ -
Heree, stays for the zero-point correlation energy.

N=74
B= 0.15,y=60°

000 012 024 036 048 060 0.72

Al w,]

Notice:

e the strong dependence
of Baoa ON A,

e the most probable\

IS smaller than A.,,

e the Inertia parameter
decreases significantly
with growing A.
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comparison with RIChardson
Model

Dependence of the
ground state energy
of N = 32 particles
distributed on 32
equidistant levels on

.\ ' crank.
I\ 1

T
A\ M+ mf,

. the pairing strength
Y BCS G

. 1dim GCM
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Particle number projection

Using the generator function of the following form

®; A) = NN TT[u, + v,cfe_,]|0)

v)0

with ® as the generator co-
ordinate, one can obtain an
SLCVANVAN approximate particle num-
Il ber projection. The pro-

jected BCS energy Is equal

126
Ba

&
Eccm = Ecs — E;

whereEy is the zero-point

0 2 . energya. cozdz et al. NPA 451 (1986)
A (MeV) 1).
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Pairing + surface vibrations

Taking the BCS functions for protons and neutrons is
taken as the generator functipg) :

| Bas Bp, Opy An, pn) = || e*N=N9 | BCS,)

T=Pp,N

and using the GOA one can obtain the following
collective Hamiltonian

| 9,
2\/’7 zzﬂ: aqz'

A

coll —

\/’7(3_1)@83 FVi(a)

J

where{q;} = {Bx, Ap, Op, Apn, P} and~ is the
determinant of the overlap width tensgy;.
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The overlap width tensor Is equal to:

%g=<qlaqaq | )

and the collective inertia tensd? is given by:

(B_l)’ij D) 2(7_1) {<q | Oadn 3611 | Q>L

_<q | H 3qk3ql | q>L}(7 )lj .

The GCM+GOA collective potential is defined as:

V(a) = Enrs(q) — 5 2 (v Dijla | 9a; o | )y

]
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Energy of the lowestO™ states
GCM CRANK. | exp.

old new| old new
132Ba | 3.15 2.73| 2.91 1.65
134Ba | 3.45 2.92| 3.18 1.98
118Xe | 2.21 1.23| 1.95 0.93
120Xe | 2.15 1.20/ 1.91 0.82
124Xe | 2.64 1.76| 2.43 1.43
126Xe | 2.82 1.93]| 2.72 1.47
128Xe | 3.13 2.27| 2.94 1.65
130Xe | 3.45 2.53| 3.34 2.08

Only the axial quadrupole deformation is taken here
(S. Pitat et al. NPA 554 (1993) 4)3 Pairing as Collective Mode* — p.12/32




Generalized Bohr Hamiltonian

The Hamiltonian for the coupled quadrupole and
pairing vibrations has the following form:

HCQP = 'HCQ(Ba v, 25 AP, A")
+HCP(AP An,IB, 7) _|_ Hlnt .

The first term Is S|mply the Bohr Hamiltonian
Heoq = Tvib + Trot + Veon

which consists of the vibrational, rotational and
potential energy parts.

The operatof{cp describes the collective pairing

vibrations whileFL; gives the interaction between
the both modes. prschniak et al. NPA 648 (1999) 181) _
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Results obtained with the GBH

IIDIdII
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K. Zajac et al. Nucl. PhyS. AGS53, (1999) /1. Pairing as Collective Mode* — p.14/32



Results obtained with the GBH

in g.s. band | inyband | in 04 band |intra-band

2476181107 4 6 8t 2v4*6*8Y 027467
J'J"E

K. Zajac et al. Nucl. Phys. A653, (1999) 71.
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Results obtained with the GBH
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Results obtained with the GBH
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K. Zajac et al. Nucl. Phys. A653, (1999) 71.
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GBH results for #°4No
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GBH results for transactinides
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Coupling Of TISSION and pairing
modes
The potential energy of fissioning nucleus is given by

V = Emacr(8x) 19 Eshen(8x)+0 Epair (Bx; Ap; Ar) -

Within the WKB approximation the
spontaneous—fission half—life is given by

10—28.04

T lyr] = ——— [+ exp28(L)

whereS (L) is the action—integral calculated along a
fission pathL(s) inthe {8\, A,, A, } Space

s = | {hE Bex(s)[V (5) — E]}m ds.

A. Staszczak et al., Phys. Lett. 161B (1985) 227. Palring as Collective Mode* -~ p.20/32



Fission barriers and inertia

Bes [h2/MeV]
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KN
o

Along the least action trajectofgynamic path) the

fission barrier is higher up 2 MeV than in the static
case while the effective inertia is reduced by factor 2.
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Paths to fission
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State dependent pairing force

In case of the state dependent pairing Hamiltonian

H =) (klh|k)(c]crtcler)— > Viuickclee
k>0 k>0

one can construct the monopole pairing operator

" 1 . .
A= — <e_2“"5c:Jr el & e2z¢c—ck)

which mean valuex = (A) = >, ugvy
represents the pair condensate in the BCS function

o) = eN? H (uk + vke_zwc};c};) 0) .
k>0
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H,_,;; for the s.d. pairing force

Usinga andg as the generator coordinates and the
BCS function

lag) = eN? H (uk + vke_zwc};c;%) 0) ,

k>0

as the generator function one can derive the collective
Hamiltonian in a form analogues to the monopole
pairing case:

A

_ h? Vs Py 10 h? —1 9?2
Hcoll — 2@3& det Maaa 2M¢¢T¢2

—1h

Im(a¢| & Hlag) 5
Yoo ¢ - Via),
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Conclusions:

 The ground state of the collective pairing
Hamiltonian approximates well the energy of the
exact solution of the pairing eigenproblem.

* Using of the GCM+GOA in theA, ¢) space
approximates well the effect of particle number
projection of the BCS wave function.

e Taking into account the coupling of the pairing
and quadrupole vibrations improves significantly
predictive power of the Bohr Hamiltonian.

* Inclusion of the pairing degrees of freedah,

andA,, reduce theoretical estimates of the
spontaneous fission half-lives by about 1-6
orders and bring them towards experimental data
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