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Hvib = −~2

2

(
1

Bβ

∂2

∂β2 + 2
Bγ

1
β
∂
∂β + 2

Bβ

1
β
∂
∂β + 1

Bγβ2
1
γ
∂
∂γ (γ ∂

∂γ )−
1

Bγ

1
4β2 ( 1

γ2 + 1
3 )(L3 − j3)2

)
+ V (β, γ)

Hrot = ~2

6Brotβ2

[
(L2 + j2 − L2

3 − j23 − 2(L1j1 + L2j2)
]

Hint = −β < T >
(

3j23 − j2
)
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2.1.Bohr Hamiltonian with deformation-
dependent mass (DDM) formalism

Bonatsos D, Georgoudis P E, Lenis D, Minkov N and Quesne C 2011 Phys.
Rev. C 83 044321

H = ~2

2〈i|B0|i〉 (
−
√

f
β4

∂
∂ββ

4f ∂
∂β

√
f − f 2

β2sin3γ
∂
∂γ sin3γ ∂

∂γ +

f 2

4β2

∑
k=1,2,3

(Lk−jk )2

sin2(γ− 2
3πk)

)− f 2β〈T 〉(3j23 − j2) + Veff

Veff = V (β, γ) + ~2

2〈i|B0|i〉 (
1
2 (1− δ−λ)f∇2f + ( 1

2 − δ)( 1
2 − δ)(∇f )2)

i ≡ g.s., β or γ-vibrational state

f is the deformation function



16

Coriolis contribution to
excited states of

odd-mass nuclei with
deformation-

dependent mass
formalism

A AIT BEN HAMMOU

41.Elaboration of an
extended Bohr
Hamiltonian

1.1.Bohr Hamiltonian with
different mass parameters

42.1.Bohr Hamiltonian with
deformation-dependent
mass (DDM) formalism

2.Solving the
Schrödinger equation

1.2.Energy levels

2.2.Wave functions

3.2.Parameters of the
theory

3.Results
1.3.Treated examples

2.3.Effect of DDM and
Coriolis interaction on the
nuclear excited states

3.3. Effect of DDM and
Coriolis interaction on the
moments of inertia

4.Conclusion

NSP2021

2.1.Bohr Hamiltonian with deformation-
dependent mass (DDM) formalism

Bonatsos D, Georgoudis P E, Lenis D, Minkov N and Quesne C 2011 Phys.
Rev. C 83 044321

H = ~2

2〈i|B0|i〉 (
−
√

f
β4

∂
∂ββ

4f ∂
∂β

√
f − f 2

β2sin3γ
∂
∂γ sin3γ ∂

∂γ +

f 2

4β2

∑
k=1,2,3

(Lk−jk )2

sin2(γ− 2
3πk)

)− f 2β〈T 〉(3j23 − j2) + Veff

Veff = V (β, γ) + ~2

2〈i|B0|i〉 (
1
2 (1− δ−λ)f∇2f + ( 1

2 − δ)( 1
2 − δ)(∇f )2)

i ≡ g.s., β or γ-vibrational state

f is the deformation function



16

Coriolis contribution to
excited states of

odd-mass nuclei with
deformation-

dependent mass
formalism

A AIT BEN HAMMOU

41.Elaboration of an
extended Bohr
Hamiltonian

1.1.Bohr Hamiltonian with
different mass parameters

42.1.Bohr Hamiltonian with
deformation-dependent
mass (DDM) formalism

2.Solving the
Schrödinger equation

1.2.Energy levels

2.2.Wave functions

3.2.Parameters of the
theory

3.Results
1.3.Treated examples

2.3.Effect of DDM and
Coriolis interaction on the
nuclear excited states

3.3. Effect of DDM and
Coriolis interaction on the
moments of inertia

4.Conclusion

NSP2021

2.1.Bohr Hamiltonian with deformation-
dependent mass (DDM) formalism

Bonatsos D, Georgoudis P E, Lenis D, Minkov N and Quesne C 2011 Phys.
Rev. C 83 044321

H = ~2

2〈i|B0|i〉 (
−
√

f
β4

∂
∂ββ

4f ∂
∂β

√
f − f 2

β2sin3γ
∂
∂γ sin3γ ∂

∂γ +

f 2

4β2

∑
k=1,2,3

(Lk−jk )2

sin2(γ− 2
3πk)

)− f 2β〈T 〉(3j23 − j2) + Veff

Veff = V (β, γ) + ~2

2〈i|B0|i〉 (
1
2 (1− δ−λ)f∇2f + ( 1

2 − δ)( 1
2 − δ)(∇f )2)

i ≡ g.s., β or γ-vibrational state

f is the deformation function



16

Coriolis contribution to
excited states of

odd-mass nuclei with
deformation-

dependent mass
formalism

A AIT BEN HAMMOU

41.Elaboration of an
extended Bohr
Hamiltonian

1.1.Bohr Hamiltonian with
different mass parameters

42.1.Bohr Hamiltonian with
deformation-dependent
mass (DDM) formalism

2.Solving the
Schrödinger equation

1.2.Energy levels

2.2.Wave functions

3.2.Parameters of the
theory

3.Results
1.3.Treated examples

2.3.Effect of DDM and
Coriolis interaction on the
nuclear excited states

3.3. Effect of DDM and
Coriolis interaction on the
moments of inertia

4.Conclusion

NSP2021

2.1.Bohr Hamiltonian with deformation-
dependent mass (DDM) formalism

Bonatsos D, Georgoudis P E, Lenis D, Minkov N and Quesne C 2011 Phys.
Rev. C 83 044321

H = ~2

2〈i|B0|i〉 (
−
√

f
β4

∂
∂ββ

4f ∂
∂β

√
f − f 2

β2sin3γ
∂
∂γ sin3γ ∂

∂γ +

f 2

4β2

∑
k=1,2,3

(Lk−jk )2

sin2(γ− 2
3πk)

)− f 2β〈T 〉(3j23 − j2) + Veff

Veff = V (β, γ) + ~2

2〈i|B0|i〉 (
1
2 (1− δ−λ)f∇2f + ( 1

2 − δ)( 1
2 − δ)(∇f )2)

i ≡ g.s., β or γ-vibrational state

f is the deformation function



16

Coriolis contribution to
excited states of

odd-mass nuclei with
deformation-

dependent mass
formalism

A AIT BEN HAMMOU

1.Elaboration of an
extended Bohr
Hamiltonian

1.1.Bohr Hamiltonian with
different mass parameters

2.1.Bohr Hamiltonian with
deformation-dependent
mass (DDM) formalism

52.Solving the
Schrödinger equation

1.2.Energy levels

2.2.Wave functions

3.2.Parameters of the
theory

3.Results
1.3.Treated examples

2.3.Effect of DDM and
Coriolis interaction on the
nuclear excited states

3.3. Effect of DDM and
Coriolis interaction on the
moments of inertia

4.Conclusion

NSP2021

2.Solving the Schrödinger equation

V (β, γ) = U(β) + f 2

β2 W (γ)

Davidson potential =⇒ U(β) = V0

(
β
β0
− β0

β

)2

Harmonic Oscillator =⇒W (γ) = 1
2 (β4

0Cγ)γ2

f = 1 + aβ2, a << 1



16

Coriolis contribution to
excited states of

odd-mass nuclei with
deformation-

dependent mass
formalism

A AIT BEN HAMMOU

1.Elaboration of an
extended Bohr
Hamiltonian

1.1.Bohr Hamiltonian with
different mass parameters

2.1.Bohr Hamiltonian with
deformation-dependent
mass (DDM) formalism

52.Solving the
Schrödinger equation

1.2.Energy levels

2.2.Wave functions

3.2.Parameters of the
theory

3.Results
1.3.Treated examples

2.3.Effect of DDM and
Coriolis interaction on the
nuclear excited states

3.3. Effect of DDM and
Coriolis interaction on the
moments of inertia

4.Conclusion

NSP2021

2.Solving the Schrödinger equation

V (β, γ) = U(β) + f 2

β2 W (γ)

Davidson potential =⇒ U(β) = V0

(
β
β0
− β0

β

)2

Harmonic Oscillator =⇒W (γ) = 1
2 (β4

0Cγ)γ2

f = 1 + aβ2, a << 1



16

Coriolis contribution to
excited states of

odd-mass nuclei with
deformation-

dependent mass
formalism

A AIT BEN HAMMOU

1.Elaboration of an
extended Bohr
Hamiltonian

1.1.Bohr Hamiltonian with
different mass parameters

2.1.Bohr Hamiltonian with
deformation-dependent
mass (DDM) formalism

52.Solving the
Schrödinger equation

1.2.Energy levels

2.2.Wave functions

3.2.Parameters of the
theory

3.Results
1.3.Treated examples

2.3.Effect of DDM and
Coriolis interaction on the
nuclear excited states

3.3. Effect of DDM and
Coriolis interaction on the
moments of inertia

4.Conclusion

NSP2021

2.Solving the Schrödinger equation

V (β, γ) = U(β) + f 2

β2 W (γ)

Davidson potential =⇒ U(β) = V0

(
β
β0
− β0

β

)2

Harmonic Oscillator =⇒W (γ) = 1
2 (β4

0Cγ)γ2

f = 1 + aβ2, a << 1



16

Coriolis contribution to
excited states of

odd-mass nuclei with
deformation-

dependent mass
formalism

A AIT BEN HAMMOU

1.Elaboration of an
extended Bohr
Hamiltonian

1.1.Bohr Hamiltonian with
different mass parameters

2.1.Bohr Hamiltonian with
deformation-dependent
mass (DDM) formalism

52.Solving the
Schrödinger equation

1.2.Energy levels

2.2.Wave functions

3.2.Parameters of the
theory

3.Results
1.3.Treated examples

2.3.Effect of DDM and
Coriolis interaction on the
nuclear excited states

3.3. Effect of DDM and
Coriolis interaction on the
moments of inertia

4.Conclusion

NSP2021

2.Solving the Schrödinger equation

V (β, γ) = U(β) + f 2

β2 W (γ)

Davidson potential =⇒ U(β) = V0

(
β
β0
− β0

β

)2

Harmonic Oscillator =⇒W (γ) = 1
2 (β4

0Cγ)γ2

f = 1 + aβ2, a << 1



16

Coriolis contribution to
excited states of

odd-mass nuclei with
deformation-

dependent mass
formalism

A AIT BEN HAMMOU

1.Elaboration of an
extended Bohr
Hamiltonian

1.1.Bohr Hamiltonian with
different mass parameters

2.1.Bohr Hamiltonian with
deformation-dependent
mass (DDM) formalism

52.Solving the
Schrödinger equation

1.2.Energy levels

2.2.Wave functions

3.2.Parameters of the
theory

3.Results
1.3.Treated examples

2.3.Effect of DDM and
Coriolis interaction on the
nuclear excited states

3.3. Effect of DDM and
Coriolis interaction on the
moments of inertia

4.Conclusion

NSP2021

2.Solving the Schrödinger equation

V (β, γ) = U(β) + f 2

β2 W (γ)

Davidson potential =⇒ U(β) = V0

(
β
β0
− β0

β

)2

Harmonic Oscillator =⇒W (γ) = 1
2 (β4

0Cγ)γ2

f = 1 + aβ2, a << 1



16

Coriolis contribution to
excited states of

odd-mass nuclei with
deformation-

dependent mass
formalism

A AIT BEN HAMMOU

1.Elaboration of an
extended Bohr
Hamiltonian

1.1.Bohr Hamiltonian with
different mass parameters

2.1.Bohr Hamiltonian with
deformation-dependent
mass (DDM) formalism

62.Solving the
Schrödinger equation

61.2.Energy levels

2.2.Wave functions

3.2.Parameters of the
theory

3.Results
1.3.Treated examples

2.3.Effect of DDM and
Coriolis interaction on the
nuclear excited states

3.3. Effect of DDM and
Coriolis interaction on the
moments of inertia

4.Conclusion

NSP2021

1.2.Energy levels
β part

Chabab M, Lahbas A and Oulne M 2015 Phys. Rev. C 91 064307
EnβnγL|m|τ =
~2

2Bβ

(
K0 + a

2 (2+
Bβ

Bγ
+2p+2q +pq)+2a(2+p+q)nβ+4an2

β

)
+εp

where q ≡ qτnγ
(L, |m|) =

√
1 + 4K−2 ,

p ≡ pτnγ
(L, |m|) =

√
4 Bβ

Bγ
− 3 + 4 K2

a2

and
K2 =
a2

2

[(
1+

Bβ

Bγ

)(
6 Bβ

Bγ
+(1−2δ)(1−2λ)+5(1−δ−λ)

)
+

2Bβ

~2 Λ
]

+
2gβ

β4
0

,

K0 = a
2

[(
1 +

Bβ

Bγ

)(
8 Bβ

Bγ
+ 5(1− δ − λ)

)
+

4Bβ

~2 Λ
]
− 4gβ

β2
0

,

K−2 =
Bβ

Bγ

(
1 +

Bβ

Bγ

)
+

Bβ

~2 Λ + 2gβ



16

Coriolis contribution to
excited states of

odd-mass nuclei with
deformation-

dependent mass
formalism

A AIT BEN HAMMOU

1.Elaboration of an
extended Bohr
Hamiltonian

1.1.Bohr Hamiltonian with
different mass parameters

2.1.Bohr Hamiltonian with
deformation-dependent
mass (DDM) formalism

62.Solving the
Schrödinger equation

61.2.Energy levels

2.2.Wave functions

3.2.Parameters of the
theory

3.Results
1.3.Treated examples

2.3.Effect of DDM and
Coriolis interaction on the
nuclear excited states

3.3. Effect of DDM and
Coriolis interaction on the
moments of inertia

4.Conclusion

NSP2021

1.2.Energy levels
β part

Chabab M, Lahbas A and Oulne M 2015 Phys. Rev. C 91 064307

EnβnγL|m|τ =
~2

2Bβ

(
K0 + a

2 (2+
Bβ

Bγ
+2p+2q +pq)+2a(2+p+q)nβ+4an2

β

)
+εp

where q ≡ qτnγ
(L, |m|) =

√
1 + 4K−2 ,

p ≡ pτnγ
(L, |m|) =

√
4 Bβ

Bγ
− 3 + 4 K2

a2

and
K2 =
a2

2

[(
1+

Bβ

Bγ

)(
6 Bβ

Bγ
+(1−2δ)(1−2λ)+5(1−δ−λ)

)
+

2Bβ

~2 Λ
]

+
2gβ

β4
0

,

K0 = a
2

[(
1 +

Bβ

Bγ

)(
8 Bβ

Bγ
+ 5(1− δ − λ)

)
+

4Bβ

~2 Λ
]
− 4gβ

β2
0

,

K−2 =
Bβ

Bγ

(
1 +

Bβ

Bγ

)
+

Bβ

~2 Λ + 2gβ



16

Coriolis contribution to
excited states of

odd-mass nuclei with
deformation-

dependent mass
formalism

A AIT BEN HAMMOU

1.Elaboration of an
extended Bohr
Hamiltonian

1.1.Bohr Hamiltonian with
different mass parameters

2.1.Bohr Hamiltonian with
deformation-dependent
mass (DDM) formalism

62.Solving the
Schrödinger equation

61.2.Energy levels

2.2.Wave functions

3.2.Parameters of the
theory

3.Results
1.3.Treated examples

2.3.Effect of DDM and
Coriolis interaction on the
nuclear excited states

3.3. Effect of DDM and
Coriolis interaction on the
moments of inertia

4.Conclusion

NSP2021

1.2.Energy levels
β part

Chabab M, Lahbas A and Oulne M 2015 Phys. Rev. C 91 064307
EnβnγL|m|τ =
~2

2Bβ

(
K0 + a

2 (2+
Bβ

Bγ
+2p+2q +pq)+2a(2+p+q)nβ+4an2

β

)
+εp

where q ≡ qτnγ
(L, |m|) =

√
1 + 4K−2 ,

p ≡ pτnγ
(L, |m|) =

√
4 Bβ

Bγ
− 3 + 4 K2

a2

and
K2 =
a2

2

[(
1+

Bβ

Bγ

)(
6 Bβ

Bγ
+(1−2δ)(1−2λ)+5(1−δ−λ)

)
+

2Bβ

~2 Λ
]

+
2gβ

β4
0

,

K0 = a
2

[(
1 +

Bβ

Bγ

)(
8 Bβ

Bγ
+ 5(1− δ − λ)

)
+

4Bβ

~2 Λ
]
− 4gβ

β2
0

,

K−2 =
Bβ

Bγ

(
1 +

Bβ

Bγ

)
+

Bβ

~2 Λ + 2gβ



16

Coriolis contribution to
excited states of

odd-mass nuclei with
deformation-

dependent mass
formalism

A AIT BEN HAMMOU

1.Elaboration of an
extended Bohr
Hamiltonian

1.1.Bohr Hamiltonian with
different mass parameters

2.1.Bohr Hamiltonian with
deformation-dependent
mass (DDM) formalism

72.Solving the
Schrödinger equation

71.2.Energy levels

2.2.Wave functions

3.2.Parameters of the
theory

3.Results
1.3.Treated examples

2.3.Effect of DDM and
Coriolis interaction on the
nuclear excited states

3.3. Effect of DDM and
Coriolis interaction on the
moments of inertia

4.Conclusion

NSP2021

1.2.Energy levels
γ part

Bβ

~2 Λ = 2
g

Bβ

Bγ
(1 + 2nγ + |m|) + m2

3
Bβ

Bγ
+ ε|m|Lτ

2m = K − Ω

X =
1
3

Bβ

Brot

[
L(L+1)+j(j +1)−L2

3−j23−2(L1j1+L2j2)
]
− 1

3ξ

[
3j23−j(j +1)

]
The diagonal elements are:
〈LjKm|X |LjKm〉 = 1

3
Bβ

Brot

[
L(L + 1) + j(j + 1)− K 2 − (K − 2m)2 −

(−1)L−j×(L+1/2)(j +1/2)δK 1/2δm0

]
− 1

3ξ

[
3(K −2m)2− j(j +1)

]
The nondiagonal elements are 〈LjKm|X |LjK ±m〉 =

1
3

Bβ

Brot

[
(L∓K )(L±K + 1)

]1/2
×
[
(j∓K ±2m)(j±K ∓2m + 1)

]1/2
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1.2.Energy levels

Bands are specified by nβ , nγ and m, such as:

•g.s. band with nβ = 0, nγ = 0, m = 0;

•β-band with nβ = 1 ,nγ = 0, m = 0;

•γ-band with nβ = 0, nγ = 0 ,m = 1.
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Ground state band
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