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At t =to
H{AD) = H{ND)
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Introduction: Thermalization |l

Let A a subsystem of U
|G({A}, 1)) = pa({A}, 1)

For t large enough pa({\},t) — p(AS)

Integrable Models Non Integrable Models

P =paAL D | 0 = pa(T,. )




The Problem

Hypothesis: H is Integrable
Given {A} for which we have a degenerate ground state
HHADIGAN) =< |G({A})  HIANIGHAY) = 21G({A})

e HGADIGHM P#L  pal{A}) # Ba{A})

£

o8 = 5



The model

Ferromagnetic Ising Model
1
H(’y, h):_ EJ( nga Uj+1+ 2 JJ j+1> hzj

P.=®0f  [H(v.h),P=0

Each non degenerate eigenstate of H(~, h)
must be also eigenstate of P,

For each non degenerate eigenstate of H(~, h)
we must have My = (0¥) =0



The ferromagnetic phase

Thermodynamic Limit

v>0& h<1 = Ferromagnetically ordered phase

ley,n) & oy, h)

‘e’77h> ‘O'y,h>

P, ’e%h> = ’e'y,h> P, |0~y,h> = - ‘O'y,h>

H(’}/? h) ’e’Y,h> - 5(’)’, h) ‘e’%h> H(’V? h) ‘O%h> - 8(77 h) ‘O’Y:h>

‘gyujp =uleyn) tvioyn) = Md(u,v)=(07)g, #0



Local distinguishability between states |

Are the different ground state locally distinguishable?

l.e. given a subsystem A

P H(A) # o5 (A) 7
For the two symmetric states
1,0 0,1
leyn) = ‘g%h> and |0y ) = ’g~,7h>

YA
PE0(A) = 2 (A) = (A



Local distinguishability between states |l

Prn(A) = 3 e 104 e O

Alwit _ 12 I
O,y = 0y ®0,'®...Qo;

P24 (A) = (A + (v + v 7)(A)

(a)

X n(A) is an Hermitian and traceless matrix made by the sum of
all the operators O11} that do not commute with P,



Distance between symmetric and non symmetric state:
General expression

0,1 WV * *
105 5(A) = o5 p (Al = (v + viu) 37 A

Ay are eigenvalues of x3 ,(A)

T(1) = /(M) + (M) )2

T(2,d) = (M2 + (M2 + (M52 + (M52

where M¢7h:<0";l> and Mf:f;;d:<af‘aj/+d>.



Results: Static case

y vz d _ V2(P(1-h?)/E o) d_
M= MET =0 My, = YR MEd = b,

08

06

04

Single Spin Two next neighbor spins



Dynamic case

d ,d
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The steady state has no memory on the initial
superposition
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No signature of the quantum phase transition in the behavior of 7



Time dependent Entanglement

:034:": £ v = 0.8
e ho = 0.2
° D:Qﬁ- ) hl =12

v=0.25
ho = 0.3
h1 =0.7

The concurrence is enanched in the time evolution of the
symmetry broken ground states



More Proofs

Larger symmetry broken correlation functions in the steady state
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All symmetry broken correlation functions evaluated in the steady
state are zero



Mutual Information |

A. Hamma, S. M. G., F. llluminati Phys. Rev. A 93, 012303
(2016)

Za(A‘B) = Sa(A) + Sa(B) - Sa(AB)
Sa(A) = 125 loga(Tr(p®))
A non vanishing Mutual Information between two very far away

subsystems A & B signals the presence of a non vanishing global
entanglement



Mutual Information Il

1) Without any quench (Stationary)

(Mmx VH1—(uv* +vu)t)
Iz(OO) =log, |1+ (1+(M;1)h2+(l\/l§’h)2(uv*+V*U)2)2

In the maximally symmetry broken state Z,(oc0) = 0

In the symmetric state Z,(c0) # 0

2) Quenched system

1M LM ALV

In the limit of t — oo, Z(o0)

\ vanishes for all the ground states

[T




Repeated quenches |

el A : External Field described by

h { ,A 7
Z::J v a random walk with a
fixed dp,

0 5 10 15 20
time.

dp are chosen to have an equal average displacement among the
samples with a different numbers of quenches at the end of the
simulations



Repeated quenches I

Average shift of h at t=20 equal to 0.16 Average shift of h at t=20 equal to 0.16
10
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1) The distance between the state that breaks the symmetry and
the symmetric one is better preserved moving from one / two
quenches to several quenches ~ 20

2) By further increasing the number of quench, further
improvements are not seen

3) Quantum Zeno effect?



Conclusion
In the presence of a quench

1) The informations about the superposition parameters are
completely erased by the time evolution. All the ground state of a
precise set of initial parameters arrive at the same local steady
state (partial thermalization).

2) Evidence of the fragility of the states that show a nonzero
global entanglement even in the presence of a unitary evolution.

3) Evidence of a temporary increment of the spin-spin
entanglement (concurrence) that generalize and increase the effect
known for the static situation below the factorization point

hs = /1 —12
In the presence of repeated quench

4) The reduction of the distance between the different states is
slowed



