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Context: Open quantum system

Total System

Environment

Total dynamic is hard: huge number of environment degrees of freedom

I

Focus: dynamic of the and consider the effective action of the
environment on it
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Context: Open quantum system
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Meaning:
[ | ntegra ble O pen q ua ntu m Systems ] [Medvedyeva, Essler, Prosen, Ziolkowska]
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Focus: Integrable Open quantum systems

system + environment = h -

o N
oy

integrable .
NOT integrable

Environment usually breaks integrability!

Question:
Are there cases where the “evolution remains integrable”?

Best option:
Models with a tunable coupling constant between the system and the
environment

Hope:
Use integrability techniques (e.g. Bethe ansatz) to “solve” Open quantum
systems
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Find new integrable models: Boost approach

[de Leeuw, CP, Pribytok, Retore, Ryan]

Boost [@2,Q3]=0
Q=L — {Q3(Q2)} — R - matrix

1 1
L=—ih®1+i1@h +u ({’(8){‘*—5(£T3)®1—El®(£'r{’*))
Question:

For which h and ¢ we have an

Integrable open quantum system?

- 2

Steps:
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New integrable model

1
hiji1 = 5 (X ¥j1 = ViXjia)

Girrjrz = Zigr + k(X + Xiy2) Xjp1 — 62X Zj11 X 42

L=—ih@1+i1®h +u <£’®£’*—%(f’*f’)@l—%l@(ﬂt’*))

What is this model?!?

Integrable deformation of the Hubbard model
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[ Our new model |

1 1
L=—ih®1+i1Qh +u (l’@t’*—i({’*{’)®1—51®({’T£*)>
l complexify u

=h@1+1Qh+ut®?
=i(0f' 0711 — 07 041) €= Zjy +1(X; + Xjy2)Xje1 — K°X;Zj41Xj42

x =tanh 6/2

[ Hubbard model ]

Hyup = Z(C )T i+ (c +1)TC + (Cl)f ¢y t+(c +1)TC +U

Similarity + Jordan-Wigner l l l
transformation h®1 1®h IR

Y jr1 = Zjsa

k=0 Hubbard model
K # 0 Integrable deformation of Hubbard
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| Main differences with the Hubbard model |

* Interaction spans 3 sites
e Particle number not conserved

| Is the range 3 model integrable? | YES!

It is a bond-site transformation of an integrable model

We find the R-matrix!

Some of the entries:

_2iksin (5(Am, — Am,)) r = sec (%(Amu - Amv))

"=
! dn, +dn,

Is the range 3 model new?

¢ Un-usual funcional dependence
* All the previous deformations of Hubbard:
= Nearest-Neighbour

= (At least) two local U(1) charges First range 3 deformation of the
Hubbard model
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Physical properties of this model

Environment in thermal equilibrium

7 h
Ty Small system thermalizes:
details of the initial state are washed away
Typically ]

o1 time Pness = L pness = 0

P2

Pk
We find: L+1 NESS

Models with non unique NESS are exceptional: extra info about the initial state

What are the possible ways to have multiple NESS?

Presence of extra symmetry
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Symmetry and conservation law
Hermitian quantum mechanics
[H,Q]=0 < Q=0
Lindblad (not Hermitian) system
[h, Q] = [¢, Q] = O strong symmetry — Q=0
[Albert, Jiang '14]

Hubbard model
NESS: L+1

Q = Z Z; total magnetization: strong symmetry

J

po = e

Deformation of the Hubbard model

NESS: L+1

Motivation?! 11/18



Reason of multiple NESS

Qx = T(E)TQO T(k) k deformation parameter
T(k) = Tra(Mi(R) ... Mi(k))
[T(), T()] =0 T()T(x) =144 ]2
J

Hidden Strong Symmetry

[inah]:[QI{?E]:O) [Qmﬁ]:O; QK,:O

NESS: p. = T (k) e*® T (k)

What is the role of the conserved charge Q.7
What is the role of the other conserved charges?
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Evolution of the system

eIB QO

initial state 1 pg(t =0) = (2 cosh B)E

Ansatz final state: Gibbs ensamble pg ~ e *@=

‘ ' T ' lim <7, >
(k% — 1)?
(1 2L)2 ———tanh f
0.40 - (1 -2 kLtanhL 2,8 + KZL)
® U=05k=05
/L H e U=1 k=05
N o035 e U=05k=02 ] tll_.moo <Zi>
e U=1 k=02 = (1 - «?)%tanh B
0.30 - d|
Gibbs ensamble:
025 ] Confirmed!
0 1 2 3 4 5

13/18



Evolution of the system

eIB QO

initial state 1 pg(t =0) = (2 cosh B)E

Ansatz final state: Gibbs ensamble pg ~ e @

lim < Z; >
04513 ] oo
& (K2_1)2 tanh
= ———"—tan
(1—K2L)2 ﬁ
040 % (1 — 2 k tanh!—2p + kL)
o U=05x=05
A e U=1 k=05 .
I:Il 035 % ® U=05k=02 (] t,l[!gloo < Zl >
e U=1 k=02 = (1—«?)?*tanh
030}
Gibbs ensamble:
025} . Confirmed!
0 1 2 3 4 5

time

??? Role of the other charges 1418



Connections between different integrable models

Action of T on the h and ¢:

T(k)hT(x) = h

T(8)lis1,i+2 T(R)T = Ziga + n(XiXig1 + YiYie1) + 0°Zia

model B2 [Murakami, 98]

Range 3 model

Hubbard model

n=20

Model B2
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Connections between different integrable models
Action of T on the h and £:

T(k)hT(k) = h
T(k)iiv1iv2 T(R) = Zioy +0(XiXio1r + YiYir1) +0°Zina

mOde| B2 [Murakami, 98]
k=0
Range 3 model Hubbard model

Z‘r Gy

: Ve Ob _

Bond-site Siz-,f : <9/ n=20
(9(*/0
Range 2 model - Model B2
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Conclusions and future work

What we saw:

o Integrabile model of range 3 — Deformation of the Hubbard model

o L+1 NESS — Hidden strong symmetry

o Role of the conserved charge — Gibbs Ensamble
Future work:
o Solution of the range 3 model: Liouville gap

o Can we classify integrable open quantum systems in the
case of open boundary conditions?

o Existence of a bigger family of integrable Lindbladians
containing all of them

«h

17/18



Conclusions and future work

What we saw:

o Integrabile model of range 3 — Deformation of the Hubbard model

o L+1 NESS — Hidden strong symmetry

o Role of the conserved charge — Gibbs Ensamble
Future work:
o Solution of the range 3 model: Liouville gap

o Can we classify integrable open quantum systems in the <h,
case of open boundary conditions?

o Existence of a bigger family of integrable Lindbladians
containing all of them

Thank you!
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Back up slide:

[ Boost automorphism mechanism ]

@ Start from an ansatz for the nearest-neighbour Hamiltonian Qo = Y~ H, ji1:
0 0 0 0
0 hi(6 h3(6 0
#a0= o me) o) ol
0 0 0 0
@ Use the boost operator to construct Q3 ~ [B[Q2], Q2]

B[Q,] := Jp + Z nHn nt1

n=—oo

© Impose [Q2,Q3] =0
i73(h1 + /‘I2) = (h1 + hg)h3, i)4(h1 + h2) = (h1 + hg)h4

Potentially integrable Q,

Qo Compute the R-matrix from (8UYBE|UH‘,) =0, [R13R23,,}ﬂ2(u)] = R13R23 — R13R»3
R(u,u) = P, PRlusy = H
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Back up slide:

Meaning of integrability

1
p=ilp,hl +u (epe‘r - E{#W,p})

. Super-operator
p~| X |matrix formaliom p~1 )| ) vector
r/',}l\;\\
N (e ly o o e Spin-
}:\'\._’_4/’ ' .—iq e ladder
Evolution in the super-space: HQQH*
p==Lp

1 1
L=i1Qh —ih®@1+u <£®€*—Ee+£®1—51®ﬂt’*>

Integrability:
L= Q one of the conserved charges of an integrable model!
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Back up slide: Symmetry Vs Conserved charges

Example 1

[Albert, Jiang '14]
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