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U(2): Lipkin-Meshkov-Glick model A. Frank et al. SyG editores (2005)

U(2) =
〈
t†t, t†s, s†t, s†s

〉
with Π̂t†Π̂−1 = −1 and Π̂s†Π̂−1 = 1

=

〈
t†t + s†s︸ ︷︷ ︸

N̂

,
1

2

(
s†s − t†t

)
︸ ︷︷ ︸

1
2 (N̂−2n̂)=Ĵx

,
1

2

(
t†s + s†t

)
︸ ︷︷ ︸

Ĵy

,
i

2

(
t†s − s†t

)
︸ ︷︷ ︸

Ĵz

〉

U(1)

n̂ ∼ Ĵx
U(2) ↗
[N] ↘

SO(2)

Ĵz

model Hamiltonian

Ĥ = (1− ξ)n̂ +
ξ

N − 1

(
N2 − Ĵ2

z

)
[
Ĥ, Π̂

]
= 0
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,
1

2

(
t†s + s†t

)
︸ ︷︷ ︸

Ĵy
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U(3): 2D Vibron Model F. Pérez-Bernal et al. Phys. Rev. A 77 032115 (2008)

U(3) =
〈
σ†σ, σ†τi , τ

†
i σ, τ

†
i τj with i , j = x , y

〉
=
〈
n̂, n̂σ, Q̂±, D̂±, R̂±, ˆ̀

〉
C2 [SO(3)] = Ŵ 2 =

1

2

(
D̂+D̂− + D̂−D̂+

)
+ ˆ̀2

U(2)
n̂

U(3) ↗ ↘ SO(2)

[N] ↘ ↗ ˆ̀

SO(3)

Ŵ 2

model Hamiltonian

Ĥ = (1− ξ)n̂ +
ξ

N − 1

(
N2 − Ŵ 2

)
[
Ĥ, ˆ̀

]
= 0
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U(4): Vibron Model F. Iachello et al. J. Chem. Phys. 74 4872 (1981)

U(4) =
〈
σ†σ̃, n̂ =

[
π† × π̃

](0)
, Ĵµ =

[
π† × π̃

](1)

µ
, Q̂ν =

[
π† × π̃

](2)

ν
,

D̂k =
[
π† × σ̃ + σ† × π̃

](1)

k
, D̂ ′m =

[
π† × σ̃ − σ† × π̃

](1)

m

〉

U(3)
n̂

U(4) ↗ ↘ SO(3)

[N] ↘ ↗ Ĵ2

SO(4)

D̂2 + Ĵ2

model Hamiltonian

Ĥ = (1− ξ)n̂ +
ξ

N − 1

(
N2 − D̂2 − Ĵ2
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[
Ĥ, Ĵ2

]
= 0

5 / 13



U(4): Vibron Model F. Iachello et al. J. Chem. Phys. 74 4872 (1981)

U(4) =
〈
σ†σ̃, n̂ =

[
π† × π̃

](0)
, Ĵµ =
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)
[
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U(6): Interacting Boson Model F. Iachello et al. Cambridge (1987)

U(6) =
〈
n̂ = d† · d̃ , s† · s̃, · · ·

〉
, Ĉ2 [SO(5)] = 4

[∣∣∣∣[d† × d̃
](1)
∣∣∣∣2 +

∣∣∣∣[d† × d̃
](3)
∣∣∣∣2
]

Ĉ2 [SO(6)] = 2

[
N(N + 4)−

∣∣∣d̃ · d̃ − s̃ · s̃
∣∣∣2]

U(5)
n̂

U(6) ↗ ↘ SO(5)

[N] ↘ ↗ Ĉ2 [SO(5)]
SO(6)

Ĉ2 [SO(6)]

model Hamiltonian

Ĥ = (1− ξ)n̂ +
ξ

N − 1
Ĉ2 [SO(6)][

Ĥ, Ĉ2 [SO(5)]
]

= 0
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Ĉ2 [SO(6)][
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Degeneration I: N = 50 M.A. Caprio et al. Annals of Physics 323 5 (2008)

U(2)

U(3)

U(4)

U(6)
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Degeneration II: 2DVM, scaling exponent

N = 50

Power Law

|Eνb=0,` − Eνb=0,`=0| ∝ Na

P. Pérez-Fernández et al. Phys. Rev. A 83

062125 (2011)

` ξ = 0.1 ξ = 0.2 ξ = 0.3 ξ = 0.5

1 −7.2(1.7)10−4 −0.3071(22) −1.0093(24) −1.0025(6)

2 −1.6(4)10−3 −0.3118(17) −1.0086(21) −1.0025(6)

3 −2.4(6)10−3 −0.3150(14) −1.0075(16) −1.0024(6)
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Out-of-time-order correlator B. Swingle Nature Phys. 14 988-990 (2018)

Fψ
V̂ ,Ŵ

(t) = 〈ψ| Ŵ † (t) V̂ †Ŵ (t) V̂ |ψ〉

LMG: Q. Wang et al. Phys. Rev.

A 100 062113 (2019)

I V̂ = Ŵ = Ĵz

2DVM:
I V̂ = D̂−
I Ŵ = D̂+
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Stationary value of F (t) in the LMG model (U(2))

F
ψ+

n

Ĵz ,Ĵz
(t) =

∑
n−1 ,n

+
2 ,n

−
3

e i(E
+
n +E+

n2
−E−

n1
−E−

n3
)t
[
Ĵz
]
n+,n−1

[
Ĵz
]
n−1 ,n

+
2

[
Ĵz
]
n+

2 ,n
−
3

[
Ĵz
]
n−3 ,n

+

Fψ
+
n

Ĵz ,Ĵz
6= 0⇐⇒ E+

n + E+
n2
− E−

n1
− E−

n3
= 0

Q. Wang et al. Phys. Rev. A 100 062113 (2019)

ξ = 0.6
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Stationary value of F (t) in the 2DVM (U(3))

F
ψ`
j

D̂−D̂+
(t) =

∑
j1,j2,j3

e i(Ej,`−Ej1,`+1+Ej2,`−Ej3,`−1)t
[
D̂−

]j,`
j1`+1

[
D̂+

]j1,`+1

j2,`

[
D̂+

]j1,`
j3,`−1

[
D̂−

]j3,`−1

j,`

F
ψ`j

D̂−D̂+
6= 0⇐⇒ Ej ,` − Ej1,`+1 + Ej2,` − Ej3,`−1 = 0

F
ψ`j

D̂−D̂+
= 0 !!!
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Conclusions

The Z2 symmetry of the U(2) algebraic model and the SO(n − 1) of
U(n) models present different phenomenologies

In the 2DVM, VM and IBM, the degeneration in the SO(n − 1)
symmetry labels is only achieved in the thermodynamic (N →∞)
limit

This issue has strong implications in the system dynamics

The stationary value of the OTOC is a good order parameter only in
the LMG model
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Thanks for your attention!
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