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Microscopic models
phenomenological potentials (eg Nilsson),
mean field theory (Skyrme int., Gogny, RMF)
pairing interactions: constant G, δ force.

↓
ATDHFB (cranking), GCM

↓

Hamiltonian in the collective space
quadrupole variables: β, γ + Euler angles
”pairing” variables: ∆p.n, φp,n

Example: 128Xe
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1. ATDHFB

R =

(
ρ κ
−κ∗ 1− ρ∗

)
, ρµν = u2

µδµν, κµν = sµ̄uµvµδµ̄ν

R(qk(t)), collective variables qk;

Collective (classical) energy

Ec = Ekin + V =
1

2

∑
kj

q̇jq̇kBkj + V (qk)

Quantum hamiltonian

H = −~2

2

1√
det B

∑
ij

∂

∂qi

√
det B (B−1)ij

∂

∂qj

+ V (qk)
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Mass parameters

Bkj =
~2

2

∑
µν

fj,µνf
∗
k,µν + f ∗j,µνfk,µν

(Eµ + Eν)(
0 fk

−f ∗k 0

)
=

(
∂R0

∂qk

)
qp
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2. Collective variables

Quadrupole part: qµ = 〈Q2µ〉 → q0, q2 , Ω — Euler angles

q0 = 〈
A∑

n=1

(3z2
n − r2

n)〉

q2 = 〈
A∑

n=1

(x2
n − y2

n)〉

β cos γ = q0

√
π/5/A〈r2〉

β sin γ = q2

√
3π/5/A〈r2〉

min 〈|H −
∑

i

αiQi |〉 with 〈|Qi |〉 = qi → R(qi)
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Pairing part: ∆, φ

vi → vi(∆, λ) as in BCS, λ from 〈N〉 = N0

R(∆, φ) =

(
ρ e−2iφκ

−e2iφκ∗ ρ

)
Other possibility

∆̃ ∼ 〈
∑
k>0

e−2iφskc
+
k̄
c+
k + e2iφs∗kckck̄〉 ∼

∑
k>0

ukvk
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3. Density matrix derivatives

fα,µν =
sν

Eµ + Eν

Qµν̄(uµvν + vµuν)

f∆,µν = sνδµν̄

1

2E2
µ

((εµ − λ) + ∆∂∆λ)

fφ,µν = isνδµν̄

∆

Eµ

∂q

∂α
=

∑
γµ

|Qµ̄γ|2(uγvµ + vγuµ)2

Eµ + Eγ

∂q

∂∆
= ∆

∑
µ>0

Qµµ((εµ − λ) + ∆∂∆λ)

E3
µ
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Matrix of mass parameters(Brot) 0 0
0 (Bvib) 0
0 0 (Brotpair)



Bvib =


Bββ Bβγ Bβ∆p

Bβ∆n

Bγβ Bγγ Bγ∆p
Bγ∆n

B∆pβ
B∆pγ

B∆p∆p
B∆p∆n

B∆nβ B∆nγ B∆n∆p
B∆n∆n



Brotpair =

(
Bφpφp

0

0 Bφnφn

)
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4. Basis functions

Fj(β, γ, Ω)f
(p)
k (∆p)f

(n)
m (∆n)

Eigenfunctions of the hamiltonian without deformation-pairing coupling(
(Bdef(q, ∆)) 0

0 (Bpair(q, ∆))

)

Matrix elements of some operators (eg 1/Jk)

〈Ψj|P |Ψk〉=
∫

dqdefFjFk

∫
P (qdef , ∆n, ∆p)|f

p
0 |2|fn

0 |2g
p
pairg

n
paird∆pd∆n =

=

∫
dqdefFjFkPav(qdef)
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Example: 128Xe

Skyrme interactions: SIII, SLy4, SkP

Pairing strength

 0

 1

SIII SLy4 SLy4 δ SkP

128Xe, neutrons

Eqp

th
 3p
 5p

 0

 1

SIII SLy4 SLy4 δ SkP

128Xe, protons

Eqp

th
 3p
 5p

Eqp = 〈Eqp,min〉

10/16

�

�

�

�

�

�

	



XII WFJ 2005

0˚
10˚

20˚
30˚

40˚

50˚

60˚

0 0.1

0.2

0.3

0.4

0.5

0.6

0˚
10˚

20˚
30˚

40˚

50˚

60˚

0 0.1

0.2

0.3

0.4

0.5

0.6

V[MeV]

128Xe, SIII 

β

γ

0˚
10˚

20˚
30˚

40˚

50˚

60˚

0 0.1

0.2

0.3

0.4

0.5

0.6

-5

0

5

10

15

20

25

0˚
10˚

20˚
30˚

40˚

50˚

60˚

0 0.1

0.2

0.3

0.4

0.5

0.6

0˚
10˚

20˚
30˚

40˚

50˚

60˚

0 0.1

0.2

0.3

0.4

0.5

0.6

V[MeV]

128Xe, SkP

β

γ

0˚
10˚

20˚
30˚

40˚

50˚

60˚

0 0.1

0.2

0.3

0.4

0.5

0.6

-5
0
5

10
15
20
25

0˚
10˚

20˚
30˚

40˚

50˚

60˚

0 0.1

0.2

0.3

0.4

0.5

0.6

0˚
10˚

20˚
30˚

40˚

50˚

60˚

0 0.1

0.2

0.3

0.4

0.5

0.6

V[MeV]

128Xe, SLy4

β

γ

0˚
10˚

20˚
30˚

40˚

50˚

60˚

0 0.1

0.2

0.3

0.4

0.5

0.6

-5
0
5

10
15
20
25

0˚
10˚

20˚
30˚

40˚

50˚

60˚

0 0.1

0.2

0.3

0.4

0.5

0.6

0˚
10˚

20˚
30˚

40˚

50˚

60˚

0 0.1

0.2

0.3

0.4

0.5

0.6

V[MeV]

128Xe, SLy4, δ force

β

γ

0˚
10˚

20˚
30˚

40˚

50˚

60˚

0 0.1

0.2

0.3

0.4

0.5

0.6

-5
0
5

10
15
20
25

11/16

�

�

�

�

�

�

	



XII WFJ 2005

0

1

2

3

E[MeV]

S III

0

2

4

6

2

4

3

0

0

2

0

1

2

3

E[MeV]

SkP

0

2

4

6

2

4

3

0

0

2

0

1

2

3

E[MeV]

SLy4

0

2

4

6

2

4

3

0

0

2

0

1

2

3

E[MeV]

SLy4, δ

0

2

4

6

2

4

3

0

0

2

0

1

2

3

E[MeV]

Exp

0

2

4

6

8

2

4
3

0
0

2

128Xe

12/16

�

�

�

�

�

�

	



XII WFJ 2005

Ground state functions of the collective pairing hamiltonian
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1/Jx

Average scaling factor for 1/Jk, B−1
µν ∼ 2

Estimates for 178Hf, 238U: ∼ 1.15
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E2 transitions
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5. Conclusions

Possible large effect of pairing dynamical degrees of freedom on mass
parameters

To do
Larger scale calculations, question of adibaticity of ’pairing’ variables,
δ interaction, ...
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