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Quench dynamics

What is it?

Suppose, initially the system is in the state |i〉 .
At t = 0; Hi

instantaneous change−→
system parameter

Hf .

Unitary time evolution under Hf → Quench dynamics.

Why important?

How equilibration is achieved in finite quantum many-body systems.

To understand when and how such systems thermalize.

Relations between quantum chaos and thermalization.

Quantities of interest

Return probability or Fidelity decay W0(t).

Entropy production with time S(t).
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Embedded Random Matrix Ensembles

Isolated finite many-body systems → two-body interaction.

The particles move in a mean-field.

Suitable random matrix ensemble →
Embedded Gaussian Orthogonal Ensemble EGOE(1+2).

{Ĥ} = ĥ(1) + λ{V̂ (2)}
{v̂(2)} −→ GOE in two-particle space.

ĥ(1) −→ Fixed one body operator.

Three chaos markers: λc , λF and λt .
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Embedded Gaussian Orthogonal Ensembles

EGOE(1+2)-s

m particles in Ω sp orbits each with spin s = 1/2 ⇒ N = 2Ω.

EGOE(1+2)-s: Embedded ensemble for one plus two body
interaction with spin degrees of freeddom for a system of
fermions.

{Ĥ} = ĥ(1) + λV̂ (2); V (2) = {V s=0(2) + V s=1(2)}

BEGOE(1+2)

m bosons in N sp states; m > N.

BEGOE(1+2): Embedded ensemble for one plus two body
interaction for a system of bosons.

{Ĥ} = ĥ(1) + λ{V̂ (2)}
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Fidelity decay or return probability

Ψ(t = 0) = |k〉
Eigenstate of ĥ(1)

V̂ (2)−→
Quench

Ψ(t) = |k(t)〉 = exp(−iHt) |k〉 .

H = h(1) + λV (2)

Wk→f (t) = |〈f | exp[−iHt]|k〉|2 = |Ak→f (t)|2 ;

Ak→f (t) =
∑

E

C
E
k C

E
f exp(−iEt) .

Return probability ⇒

Wk→k(t) =

∣

∣

∣

∣

∣

∑

E

[CE
k ]2 exp(−iEt)

∣

∣

∣

∣

∣

2

=

∣

∣

∣

∣

∫

Fk(E ) exp(−iEt) dE

∣

∣

∣

∣

2

.

Fk(E ) = |CE
k |2ρ(E ) → strength function.

ρ(E ) → Density of states.
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EGOE formula

Gaussian and BW region

Wk→k(t)
BW region−→ exp[−Γ t] ; Γ → width of spreading

Wk→k(t)
Gaussian region−→ exp[−σ2

k t
2] ; σ2

k → spectral variance.

BW to Gaussian intermediate region

Fk (x : ν) =
Γ
(

ν+1
2

)

√
π
√
ν Γ

(

ν

2

)

dx

(

x2

ν
+ 1

) ν+1
2

⇐= t-distribution.

α = (ν + 1)/2; (E − Ek ) =

√

β(ν+1)
2ν

x ; σ2
k = α

2α−3
β; α > 3/2

D. Angom, S. Ghosh, and V.K.B. Kota, Phys. Rev. E 70, 016209 (2004).

Wk→k (t) →
∣

∣

∣

∣

∣

2ν (
√

ν)ν

Γ(ν)

∫

∞

0
dx[x(x + |t′|)](ν−1)/2

exp[−
√
ν (2x + |t′|)]

∣

∣

∣

∣

∣

2

; t′ =

√

β(ν+1)
2ν

t .

For ν = 1, Fk (E) −→ exp[−Γ t] ; β = Γ2/4

For ν → ∞, Fk (E) −→ exp[−σ2
k t2] ;σ2

k = β/2.
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EGOE(1+2)-s
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Spin dependence

σ2
k(m, S) =

λ2 σ2
V (2)

(m,S)

σ2
H
(m,S)

; σ2
H(m, S) = σ2

h(1)(m, S) + λ2σ2
V (2)(m, S)

M. Vyas, V.K.B. Kota and N.D. Chavda, Phys. Rev. E 81, 036212 (2010).

M. Vyas, V.K.B. Kota, N.D. Chavda and V. Potbhare, J. Phys. A: Math. Theor. 45, 265203 (2012).
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Entropy production with time and statistical relaxation

Definition

S(t) = −∑d
f=0 Wf (t) lnWf (t) .

Wf (t) =
∑

E |CE
0 |2 |CE

f |2 + 2
∑

E>E ′ C
E
0 C

E
f C

E ′

0 CE ′

f cos(E − E ′)t

= Wavg
f (t) +W flu

f (t) .

Theoretical model

Assumptions: i) Ns → number of f ’s with f 6= 0 that contribute

ii) The fluctuations in Wf are small −→ Wf can be replaced by W .

S(t) = −W0(t) lnW0(t)−
∑Ns

r=1 W lnW ; W = 1−W0

Ns

= - W0(t) lnW0(t)− [1−W0(t)] ln(
1−W0(t)

Ns
) .
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EGOE formula

Gaussian region

S(t) = σ2
kt

2 exp(−σ2
kt

2)−
[

1− exp(−σ2
kt

2)
]

ln
(

1−exp(−σ2
k
t2)

Ns

)

;

Ns = 〈exp S(∞)〉.
Nth
s ∼ κ×NPCmax = κd

3

√

1− ζ4 ; ζ2 = 1− σ2

k
. κ = 2

tsat =
√

ln(1+Ns)
1−ζ2

;

λ → ∞; ζ2(m, S) → 0 =⇒ tmin
sat ≃

√

ln(κ d(m,S)
3 )

λ = λt ; ζ
2(m, S) = 0.5 =⇒ tth ≃

√

2 ln(κd
6

√
3).

BW region

tsat =
ln(1+Ns)

Γ .
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EGOE(1+2)-s examples
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tsat in σ
−1
avg units for EGOE(1+2)-s examples.

λ S=0 S=1 S=2
σ2
k

σ2
avg

tsat
σ2
k

σ2
avg

tsat
σ2
k

σ2
avg

tsat

0.1 0.21 8.3 0.18 8.8 0.11 8.9
0.21 0.6 3.32 0.499 3.73 0.32 4.21
0.3 0.81 2.7 0.68 3.2 0.44 3.65

tsat in σ
−1
avg unit for BEGOE(1+2)-F examples.

λ F=2 F=4 F=5
σ2
k

σ2
avg

tsat
σ2
k

σ2
avg

tsat
σ2
k

σ2
avg

tsat

0.1 0.44 3.66 0.74 2.68 0.99 2.2
0.2 0.66 3.07 1.17 2.1 1.65 1.7
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BW to Gaussian transition region

Nth
s ∼ κ×NPCmax =

κd

3

[√

2

2α−3

Γ2(α)

Γ2(α− 1

2
)

1

ζ2(1−ζ2)
U

(

1

2
, 3
2
− 2α, (2α−3)(1−ζ2)

2ζ2

)]

−1

; κ = 2.5

tsat =
[ln(1+Ns)]

1
2 (1+

1
ν )

√

β
2

(

1+ 1
ν

)3/2 .;

Numerical examples
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Many-body results
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Many-body results
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Summary

What achieved?

Using some approximations, EGOE(1+2) theory for the time
evolution of entropy.

Analytic formulae for tsat and the saturation entropy derived.

We observed significant spin dependence.

An overall picture of relaxation of complex quantum systems in the
absence of complete knowledge about it.

What next?

Attempt to better understand the significance and magnitude of κ.

Prethermalization using EGOE(1+2) formalism.

Compare the formulas derived here with the results of realistic
systems accessible to experiments→ Quench dynamics of trapped
Bose gas using MCTDHB.
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Thank you
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