|”: \\\,{

((/u> -

\*P'f—‘«

<ﬁﬂW/ﬂ-Jla,wm

(/}{ rﬁ"ﬁ i) ;:

’_—_H-_'_"‘_‘-'——

Canons .fj —[_P@ (?TP@) g’bmtla
(%(r-n - N2 V>

/
7-._

E
“‘><A}H

Gl ,f{;ﬂxb.

O)%NWﬁ"iiiji:
fima

G PH /\f\

SEC A

N(-mb?

el

A cnPifis,

i

)

=il %%’%Q ) (’)7 )

Kﬁ“ k’k’?‘c\\ ’]B’ l\

N S0 | 1%@%
24 v %‘{%tgz}@ =5

S. 50\3:\1,}\\’0\ :onc{ A S}

Cmnﬁuﬂnfj a ’qu- (7 01(\'>
aoXiv e B2 SMS

Glle sl BRI 5750702

> Q? W<\

>-—~‘@ Tt %

Kkh\d (fintvs S:?.Y’\I-?S &R @u@v\mm



shmz
タイプライターテキスト
一般には、maximally canonical TPQ
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（「と考えると」という意味）
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測れるとすると、密度演算子で量子状態が定まることに矛盾する。
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Fig. 1 A schematic picture of our setup. The second Rényi Page curve for
pure states, S;(¢), follows the volume law when ¢ is small, but gradually
deviates from it as ¢ grows. At the middle, ¢=L/2, the maximal value is
obtained, where the deviation from the volume law is In 2 (see the Results
section). Past the middle ¢=L/2, it decreases toward ¢=L and becomes

; _ Nakagawa, Watanabe, Fujita, Sugiura,
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S_2 = - ln Tr[ρ^2]
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Fig. 2 Second Rényi Page curve in cTPQ states. The dots represent the
second Rényi Page curves in the cTPQ states of the spin system (9) at an
inverse temperature = 4 calculated by Eg. (3) for various system sizes L.
The lines are the fits by Eq. (5) for the numerical data. The inset shows the
fitted values of In a, S,(L/2)/(L/2), and the average slope of the curve
between /=1 and /=5. The dotted lines are the extrapolations to L — oo by
1/L scaling for In a and S»x(L/2)/(L/2) and by 1/12 scaling for the average
sIope Nakagawa, Watanabe, Fujita, Sugiura, Nature Comm. 1635 (2018)
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a XXZ chain with next-nearest neighbor int. p XXZ chain without next-nearest neighbor interaction
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Fig. 3 Second Rényi Page curve for general energy eigenstates. a 2RPCs of several energy eigenstates of the non-integrable Hamiltonian, Eq. (9) with A =2
and J, = 4 (dots), and the fits by our formula (5) (lines). The inset shows the energy spectrum of the Hamiltonian, and the arrows indicate the eigenstates
presented in the figure. b Same as figure a for the integrable Hamiltonian (A =2, J, = 0). ¢ Residuals of fits per site r; = L™ ZLO(SZ(Z)Ldlata -5 (Z),-_m)z,
where S3(£); 4,1, is the 2REE of the i-th eigenstate and S» (), 5, is a fitted value of it, for all eigenstates of the non-integrable Hamiltonian (10) with A =2 and
J, =4 (we consider only the sector of a vanishing total momentum and magnetization). The eigenstates are sorted in descending order in terms of the
residuals, and the horizontal axis represents their percentiles. The fits become better as the size of the system increases. d Same as figure ¢ for the

integrable Hamiltonian (A =2, J, =0). The fits become worse as the size of the system increases  Nakagawa, Watanabe, Fujita, Sugiura, Nature Comm. 1635 (2018)
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平衡状態はマクロには時間変化しないが、
ミクロには時間変化して構わない！
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「quench」と呼ぶ。
最近、実験が盛んに。
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Linear and nonlinear susceptibility.—The LR and NLR
need to be discussed separately. When /4 is small enough,
the response extrapolates to that obtained from the LR
theory [1—4]. In this LR regime, the linear susceptibility (or
admittance) y (@), which is the Fourier transform of the LR
function [1-4], does not depend on the profile of k along
the time axis. Therefore, it is sufficient to consider the
specific time dependent profile Eq. (2), to obtain the
general form of y(w) as a function of frequency w.
Assuming that A is an additive observable, we obtain
the following formula:

_ AA(4o0) o AA(t) ..

y(w) = N iw Nk e'“'dt, (5)
where A'A(1) = <A(I))/},N - <A(+oo))ﬁ’N. According to
Kubo [1], y(w) is explicitly given by the retarded Green
function at equilibrium, which contains the information on
the elementary excitations, whose nature could thus be
examined by evaluating (A(r)) sy for sufficiently small /.
One can further specify the wave number ¢ in A, in order to
obtain the g-dependent susceptibility y (g, ®). These points
will be illustrated shortly.

At larger h, the correspondence with the LR theory
breaks down. Still, we use Eq. (5) as the definition of the
nonlinear susceptibility y(q, w; h) with explicit & depend-
ence, because it is well defined even in this NLR regime
and is continuously connected to the linear one.

Here, we do not follow the conventional perturbative
definition in nonlinear optics [5]. Our y(q, w; k) could treat
nonperturbative effects such as the nonlinear band defor-
mation, as we see shortly.
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FIG. S2. Supporting results of the spin-1/2 kagome antiferromagnet at N = 27. (a) Time evolution of (M,(¢)) that yields the
nonlinear response (Fig. 3(b)) at h = 0.5 and kT = 0.1. The solid lines give the results starting from different TPQ states,
and the broken lines are their averages. (b) Comparison of x(g,w;h) between h = 0.02 and 0.05 at kT = 0.1. The latter is the
same as given in Fig. 3(a). A somewhat oscillating deviation of h = 0.02 at small w dissolves when taking an average of many
samples (while here, we take three sample averages for all data in this figure). (¢) Comparison of x(g,w;h) at h = 0.5 between
N =27 and 18. The spikes found in N = 18 data is due to the small system size which is smoothed out already at N = 27.
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