Thermalization via quantum walks

Alana Spak

c .
Z .
< I
m IC
bl

t£ IC
o I



Summary

¢ Group 1n Brazil;
¢ Quantum walks;
¢ Recent progress (thermalization);

¢ Thermalization via quantum walks.
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Research Group

Supervisor: Prof. Renato Angelo

¢ Foundations of Quantum Mechanics
¢ Quantum Information
¢ Quantum Thermodynamics

4 Classical limit of Quantum Mechanics

PROGRAMA DE <%}
PO SRADLAGHD N

FISICA_

§Q!



Thermalization 1n quantum systems????

v

quantum walks




Quantum walks



Quantum walks

Time

¢ 1D model

¢ continuous-time or discrete-time b
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Quantum walks

‘ {11, 1)}
vee—¢@ o @ oo 7‘[:7'[1) ®7’[5

-1lx), x € Z}

State:

() = ) (ax(t) 1) +bx (1) 1)) ® |x)

ax(t),bx(t) e C 8



Quantum walks

Time evolution operator

U = Dp(I, ® Cs) —> [y (2)) = U" [§(0))

where

D, = Z (lx =1 x| @ 1) U+ |x+ 1) (x| @ [T) (T])

Cs : coin operator



Quantum walks
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Entanglement

H=H, Q3 H, ® ... ® Hn

Separability: [V) = |Y4) ® |¢B) —_— Entangled: [¢) # |[Y4) ® |¥B)

004105 +11)4 [1)5

V2

Example: ¥) =

{ S(p) =0 J [S(PA) = S(pp) = 1}

11



von Neumann entropy

S(p) ==Tr (plogp) == ) A log

Pure state: S(p)=0
S(pa) = —Tr (pa log pa)

Mixed state: S(p) =logd
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Quantum walks
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Decoherence

> Quantum-to-classical transition;

> quantum effects: system-environment is minimal.
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Recent progress

(Thermalization)



Thermalization

> Equilibrium: multipartite systems

| » quantum correlations (entanglement, discord,...)

> Thermodynamic equilibrium: systems share the same temperature

» thermodynamics and information theory

> Isolated systems: thermalization occurs within subsystems
L degrees of freedom
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Thermalization

“Entanglement and the foundations of statistical mechanics”

—>

Hs

H = Hs ® Heg H =H, ® H,
(QWs)

Popescu, et al. Nat. Phys. (2) 2006. 17



Thermodynamic equilibrium and quantum
walk

Thermodynamic equilibrium: between the degrees of freedom H = 7’(p Q@ H;

If pPs reaches equilibrium —= “Entanglement temperature”

Romanelli, A. PRA (85) 2012.
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Projects



Quantum walk in energy space

position =~ —>> energy

Thermalization: universal dynamic

| > My = |n)Xn|

{En, Mn}

energy scale |
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Quantum walk in energy space

Classical limit

po = i 9 (m) Mp,
m=0

Time evolution:

¢(Mn) —

p—Mn + p+Mn+1

v

non-unital map

] P-My_1+ piMyiq

p- P+
Pl s~
A4

Ce

>

(e
—

P+
if n =0,

if n> 0.
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Quantum walk in energy space

Classical limit

pre1(n) = Tr [Mypra1]

Recurrence relation

Pr+1(0) = p_|p:(0) + p;(1) |,

pre1(n) =p_ps(n+1) +pyps(n—1).
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Probability

Quantum walk in energy space
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Quantum walk in energy space

Analytical study
(p- P+
- - p_ 0
(i) Steady state:  p = p P, 0 p_
P=1o0 o
N 0 0
(ii) Normalization: Z pi = 1. \
i=1
p=|p0 p1 p2

(Markov process)




Quantum walk in energy space

Analytical study
n
. - - p+
(i) Steady state: p=pP S Pn = (p—) Po
c 1
(ii) Normalization: Z pn =1 _— Do = -
)
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Quantum walk in energy space

e PEn

| ’ p'B - Z;O:O e_ﬁEn

Pn = Pp

Analytical study

p = E£ In (p—+) Condition:  E, = n&
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Takeaway messages

¢ Condition for thermalization: one system 1s large enough to induce
decoherence;

¢ Quantum walks: promising model to explore the topic;

¢ For quantum walk 1n energy space, we are able to determine the tempertature
in the classical limit.
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CANA

¢ Co-supervisor: Giuseppe di Molfetta

Plastic quantum walks + Twist + Kerr non-linearities

A 4

limit of continous-time discrete
space and continous space-time

v

quadratic term in the energy
spectrum acts as an effective mass

> How is it going to behave?
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