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Appendix

1) Matlab

function work 2

sigma, = 1[0 1;1 0]

sigma, =[1 0;0 —1]

Sz2 = kron(sigma,, sigma,)

L=5

j=1

h = 0.8090169

g = 0.90450849

H;,=0

H.=0

Hy =0

H,,=0

form=1:L—-2

H, = H, + g x (kron(kron(eye(2™), sigmay), eye(2(L=m=1)))
Hyp = H, + (kron(kron(eye(2™), sigmay), eye(2L—m=1)))
H, = H, + h x (kron(kron(eye(2™), sigma.), eye(2(L="=1)))



H..=H.. +j x (kron(kron(eye(2™), s.z2), eye(2L=m=2))))
end

Hi, = kron(sigmay, eye(Q(L_l)))
Hp, = kron(eye(2(E=Y), sigmay)
H,. = kron(sigma., eye(2(L=1))
Hy. = kron(eye(25=1), sigma.)
H.,=H,+ (h—j)x (Hi,+ Hr,)
Hi.. = kron(s.s,eye(2(L=2))
Hy=H,,+ Hiz.

Hy = Hy + H,

Hy=H,+ Hx+ Hj,
sumsigma, = Hyp + Hip + Hyy
H, is Integrable

Hy is Non — Integrable

H=Hy+ H

H = Hy + H
= [1;0]

w = [0; 1]

beta = 0.1

rho = expm(—beta x Hy)/(trace(expm(—beta x Hy)))

rhog = expm(—beta x Hy)/(trace(expm(—beta x Hy)))

SigMagy, = kron(kron(eye(2(E=D/2) sigma,), eye(2(( 2)))

sigma.., = kron(kron(eye(2(L=1/2) sigma,), eye(2( 2))

SigMagem = kron(kron(kron(eye(2(E=D/2) sigma,), szgmax),eye@((L 3)/2)))
SigMa2m = kron(kron(kron(eye(2(E=/2) sigma.), sigma), eye(2((L=3)/2))
w = expm(—1i X pi/2 X Sigmazm)

entropysum = 0

[vtg, eto] = eig(rhog)

eto = real(diag(ety))

vtog = vt

time = 0:0.005 : 15

fornumt =1 : length(time)

numt

rhoy = rho X vy



YY Matlab

fornum = 1: length(ety)

et(num, 1) = real(vtgg(num, :) x rhovt(:, num))

end

relent(numt) = (1/beta) x (et’ x real(log(et + (et == 0))) — et’ x real(log(ety +
(eto == 0))))

t = time(numt)

v=-expm(l; xt x H)

wy=v XWXV

rho = w;, X 1ho X w;

WW (numt) = trace((((wt' x Ho x wy) — Hg)?) x rho)
WW = real(WW)

W (numt) = trace(((w; x Ho X w;) — Ho) x rhog)

W = real(W)

G(numt) = trace(w, X v x w; X v X 7ho)

G = real(G)

asigmagm (numt) = trace(rho x sigmagpm,)
rasigmagy, = real(asigmagm,)

asigmagym (numt) = trace(rho X sigmagzem
rasigmagem = real(asigmagzym,)

asigma,y, (numt) = trace(rho X sigmazn,)

rasigma, = real(asigma.ny,)

asigmam (numt) = trace(rho X sigma.m)
rasigma, ., = real(asigmam)

SumMSigmagm, (numt) = trace(rho x sumsigmay,)
SUMSIgMagy, = real(sumsigmagm,)

end

save('workg2.mat' time' relent’) W'/ WW'' G asigmag,m/,

!/

/ . !
L oms SUMSigmal,,.)

"asigmagzmm’, asigma.,,m', asigma



Aabstract

In this study, we compute out-of-time order correlations (OTOC) by quantum scrambling.
Out-of-time order correlations are typically defined by Cy. x () = ([ X, V]?). {.) indicates
the average heat. OTOC was first used to investigate the instability of electron pathways
in semiconductors, but has recently been considered as a standard for quantum chaos. To
measure OTOC between two points, we use the so-called two-point measurement method.
The two-point measurement is widely used in this field, and also gives a clear interpreta-
tion of quantum scrambling with non-equilibrium fluctuations of quantum quantities such
as work and heat. We provide OTOC calculations for a spin chain and compare the behav-
ior of this quantity in integrable and non-integrable systems. In non-equilibrium integrable
quantum systems, observables can not normally balance in a thermal state. After collapsing
In these systems, observables are described by a new statistical ensemble , which is called
the generalized ensemble of Gibbs. However, observables in non-integrables systems will
be balanced in the long run and as a result, the OTOC value goes to zero. We also examined
the mean distribution of work and the mean value of standard deviation and distribution of
work distribution for both systems. Since correlations play a fundamental role in quantum
mechanics, the mean of the correlation function (¢7* 0 *1) (m = [/2) for two spin in The
middle and neighboring ones are examined for both systems, which shows that it converges
to a certain value for non-integrable system, while still being fluctuating for integrable sys-
tems. In the following calculations, we measured the relative distance between the state of
the system at any given moment and the initial thermal state of the system for both inte-
grable and non-integrable systems. According to the results obtained, this quantity also has
an exponential behavior for non-integrable system , while the quantity has oscillated in in-
tegrable systems.

key words: Quantum Thermodynamics, OTOC, Integrable system, Non-Integrable system,

ETH, Thermalization,
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