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Abstract

We show that under the validity of the eigenstate thermalization hypothesis, the
post-quench, out-of-time-ordered correlator of suitably chosen operators, at late times,
remembers whether the original state breaks the symmetry or not upto entropic cor-
rections.

Let us consider an Hamiltonian Hy which is suddenly changed to H at time t = 0. Let
us further assume that at t = 0 the quantum state of the system is [1g), which maybe
taken to be some eigenstate of Hyg. We are interested in the post-quench scrambling,
for which the relevant quantity is the in-in out of time ordered correlator:

F(t) = (10|0102(t)O304(t) |00 (1)

As the Hamiltonian has changed, operator evolutions are now dictated by: O(t) =
eHtOe~ "t We are interested here in the late time-averaged quantity:

T
Fi— lim % /0 dtF(b). 2)

T—o0

Using completeness of the energy eigenbasis of the final Hamiltonian, we decompose
|o) = >, ¢|l) and inserting identities are able to write:

Fit)= Y epn(00)(02)ki(03)jn(O8)um exp [it(En — Em + Bk — Ej)] . (3)
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In the above equation we have also used the notation: Oy, = (I|O|k). Next, if we do the
long time averaging, the leading non-zero contributions can come from two different
cases : (1) E, = Ep,E, = Ej and (2) E, = Ej, E,;, = E},. We may use these cases
to sum over two sets of indices. In the first case we obtain:

Fi(t) = Z 1 ¢, (01)11(02) 1k (03)kn (O4) nn.- (4)
n,k,l



For the second case we get:

Fy(t) = Z ¢/ ¢,(01)11:(02) £ (03) 1 (Oa) k- (5)
n,k,l

At this stage we invoke the eigenstate thermalization hypothesis (ETH), which is suc-
cinctly captured in the following statement about matrix elements of local operator O

[1]:
(EalO|By) = Oap = 6as0un(E) + e 5 F)/2 f(B,w) R, (6)

The diagonal part is a smooth function of the average energy E = (E,+ Ep)/2 while the
entropically suppressed off-diagonal part is proportional to a random matrix R, and
another smooth function f which also depends on the energy difference, w = E,— Ej. It
is straightforward to see that Fb is entropically suppressed in comparison to £} owing
to presence of more off-diagonal entries. By the ETH, the diagonal entries are also
independent of the state indices ( Oqq ~ O(1) ), and hence to a good approximation,

F~ Z ;¢ (01)11:(03) kn = (10| O103|v0). (7)
n,k,l

For usual OTOC measurements O; and Og are taken to be the same operator O, but
generically in different locations. If it is possible to define an order parameter via (O)
in the original Hamiltonian, then we see that the late time averaged OTOC clearly
distinguishes between the ordered and disordered nature of [¢)p). In the symmetry
broken phase we thus expect a non-zero F' whereas in the disordered phase F' ~ 0 upto
entropic corrections of the ETH. This is consistent with the findings of [2].
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