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Quench dynamics

What is it?

o Suppose, initially the system is in the state |/).

instantaneous change
At t =0; H; — He.
system parameter

Unitary time evolution under H; — Quench dynamics.

Why important?

o How equilibration is achieved in finite quantum many-body systems.
0 To understand when and how such systems thermalize.

0 Relations between quantum chaos and thermalization.

Quantities of interest
o Return probability or Fidelity decay Wy(t).
o Entropy production with time S(t).
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Embedded Random Matrix Ensembles

o Isolated finite many-body systems — two-body interaction.
o The particles move in a mean-field.

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

{A} = h(1) + MV (2)}
{¥(2)} — GOE in two-particle space.
h(1) — Fixed one body operator.

o Three chaos markers: \., A\r and ;.
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Embedded Gaussian Orthogonal Ensembles

EGOE(1+2)-s
o m particles in Q sp orbits each with spin s =1/2 = N = 2Q.

o EGOE(1+42)-s: Embedded ensemble for one plus two body
interaction with spin degrees of freeddom for a system of

fermions.
o {A} = h(1) + AV(2); V(2) = {V°=°(2) + v=1(2)}

BEGOE(1+-2)
o m bosons in N sp states; m > N.

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

o {H} = h(1) + A{V(2)}
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Fidelity decay or return probability

A

()

V(t=0)=|k
° ( ) ‘> Quench

Eigenstate of /(1)

l

W(t) = |k(t)) = exp(—itt) [k)

H=h(1)+AV(2)
o Wis(t) = |(Flexp[—iHt]|k)[* = IA/Hf( O ;
Asr(t) = Cf Cf exp(—iEt) .
E

o Return probability =
Z[CE]2exp (—iEt)

F«(E) = \C,f\2p( ) — strength function.
p(E) — Density of states.

2

Wik (t = '/Fk(E) exp(—iEt) dE| .
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EGOE formula

Gaussian and BW region

o

Qo

BW  regi . .

Wisi(t) - —2" exp[—T t] ; T — width of spreading
Gaussi i .

Wii(t) ~ 208 oxp[—02 2] ; 02 — spectral variance.

BW to Gaussian intermediate region

o

r ( u;l) dx o .
Fir(x:v) = 7 o7 < tdistribution.
vaver (2) (2 %
2 = 41
v
a=@w+1)/2 (E-E)=/B¥ x 52— o 5 o>3/2

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

2

Wiesok(5) = Q"ﬁﬁ’” [T et 1DV expl—vm x4 1ED]| e
For v =1, F(E) —> exp[-Tt] ;8 =T2/4

For v — oo, F(E) — exp[—a‘i 2] ;(7‘2( = B/2.
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EGOE(1+2)-s
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Spin dependence

S N, (mS)

0 o2(m,S) = e apy(m, S) = a5y (m, S) + X207, 5 (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).

1 ‘ ‘ 1
_ 099
S 0.95 h 'm»,:,fo Q=30 - 0.98
s e LLE 097
~w 0.9 T 4 096
° . ; ~§ 095
w085 n=0=8 “m=12,Q=16 = oe4l
g N% 0.93 |
s 0.8 Y, A=0.3 ° oef
m=10,0=4 —+—
091 A02  m=24 Q=12
0.75 - : - - 09 . . _ m=40,Q=40 --o--
0 2 4 6 8 10 0 0.2 0.4 0.6 0.8 1
s FIFmax
EGOE(1+2)-s BEGOE(1+2)-F
NESP October 26, 2015 9 /18

Sudip Kumar Haldar (PRL)



Entropy production with time and statistical relaxation

Definition
0 S(t) = — 220 Wi(t) In We(t).

O Wi(t) = X |GE |CEP + 25 CECECE CE' cos(E — E')t
= W28 (1) + Wik (t) .

Theoretical model

o Assumptions: i) N; — number of f’s with f # 0 that contribute
ii) The fluctuations in W; are small — W; can be replaced by W.
0 S(t) = —Wo(t)InWo(t) = S5, Wih W ; W =1
= - Wo(t) In Wo(t) — [1 — Wo(t)] In(*=52?) -
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EGOE formula

Gaussian region

o S(t) = o2 exp(—02t?) — [1 - exp(~0Ft2)| In (%ﬂitw ;

Ns = {exp S(c0)).

&) NsthwanPCmaX:H%ﬂ; 2=1- ol

9 tsat = |n(11_+</;/5) H
min d(m,S
A — 00; (2(m,S) = 0 = t0in ~ [In(k %)
A=\ (3(m, S) = 0.5 =t ~ 1 /2In(kZ/3).
BW region
9 tsat = In(lJrrNs) 5
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EGOE(1+2)-s examples
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teat in 0, units for EGOE(1+2)-s examples.

By S=0 S=1 S=2
2 |t | Z |t | 3= | tem
0.1 [021] 83 | 0.18 | 88 |0.11| 8.9
0.21 | 0.6 | 3.32 | 0.499 | 3.73 | 0.32 | 4.21
03 [081] 2.7 | 068 | 3.2 | 0.44 | 3.65
tet in 0,4 unit for BEGOE(1+4-2)-F examples.
A F=2 F=4 F=5
:j tsat :zi tsat :j tsat
0.1 | 0.44 | 3.66 | 0.74 | 2.68 | 0.99 | 2.2
0.2 (066 | 3.07 | 1.17 | 2.1 | 1.65 | 1.7
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BW to Gaussian transition region
0 NI ~ k x NPCrax =

d 2 _I*(a 1 13 20-3)1-¢)\17'. . _
Kﬁ [\/;FZ(OE_)%) C2(1—§2)U(§7 § - 205, %)} y R = 2.5

[In(14+Ng)] 2+ 2)

@(1+%)3/2

Numerical examples
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Many-body results

PHYSICAL REVIEW A 92, 033622 (2015)
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‘We study the quantum many-body dynamics and the entropy production triggered by an interaction quench in a
system of N = 10 interacting identical bosons in an external one-dimensional harmonic trap. The multiconfigura-
tional time-dependent Hartree method for bosons (MCTDHB) is used for solving the time-dependent Schrodinger
equation at a high level of accuracy. We consider many-body entropy measures such as the Shannon information
entropy, number of principal components, and occupation entropy that are computed from the time-dependent
many-body basis set used in MCTDHB. These measures quantify relevant physical features such as irregular or
chaotic dynamics, statistical relaxation, and thermalization. We monitor the entropy measures as a function of time
and assess how they depend on the interaction strength. For larger interaction strength, the many-body information
and occupation entropies approach the value predicted for the Gaussian orthogonal ensemble of random matrices.
This implies statistical relaxation. The basis states of MCTDHB are explicitly time-dependent and optimized by
the variational principle ina way that minimizes the number of significantly contributing ones. It is therefore anon-
trivial fact that statistical relaxation prevailsin MCTDHB i Moreover, we demonstrate a fundamental
connection between the production of entropy, the buildup of correlations and loss of coherence in the system. Our
findings imply that mean-field hes such as the ti Gross-Pitaevskii equation cannot capture

isti ionand ization because they neglect correlations. Since the coherence and correlations are
experimentally accessible, their present connection to many-body entropies can be scrutinized to detect statistical
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Many-body results
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Summary

What achieved?

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

o0 Analytic formulae for t;,; and the saturation entropy derived.
o We observed significant spin dependence.

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

What next?
O Attempt to better understand the significance and magnitude of «.
o Prethermalization using EGOE(1+42) formalism.

o 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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