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Complex systems




Conway’'s game of life QS

. Simple rules - complex dynamics
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from: http://web.stanford.edu/~cdebs/GameOfLife/



Quantum systems — driven

» Closed system driven by external field

« “... here we show that for generic nonintegrable
interacting systems, ... Floquet eigenstates of
the driven system at quasienergy w, consist of a
mixture of the exponentially many eigenstates of
the undriven Hamiltonian, which are thus drawn
from the entire extensive undriven spectrum.”

« A. Lazarides, A. Das, and R. Moessner, Phys.
Rev. E 90, 012110 (2014)
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7 driven hardcore bosons on 14 lattice sites

Population in 8-th site Floquet eigenstate




Non-stationary quantum matter Q)

Combination of symmetry and dissipation
- prevent ETH
-> non-ergodic

Can we dynamically engineer non-equilibrium stable many-body quantum states?



Eigenvalues A; and eigenstates p; of the dynamics QS
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Closed system Re{A;}
* purely imaginary A; < Pss
« dephasing

Open system
* negative real parts
» dissipation

Generic condition for @




Generic condition ()S

« If there exists a lowering operator A with the following properties

[H,A] = —1A and A Ll]=[AL]=0 wu

A
with 1 # 0 then p,,,,, of the form (with integer m,n > 0, m # n) 4

Pnm — AnpOO(AT)m

P
P g

L—

with p,, a stationary state evolves according to o |
o o ® o,
Lpnm = i(m — n)}\pnm O .. ® O
O

Re{A; ®
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* The combination of system and environment drives the long- 1

term dynamics among the states on the imaginary axis. Im{A;}



Generalized Gibbs ensemble erc

* In general we may have a set of dynamical symmetries A; with values 4;.

* This includes conventional symmetries with a value of 4; = 0.

* In the long-time limit we can assume that the system evolves to a maximum entropy state consistent
with the presence of dynamical symmetries.

« This state is a generalized Gibbs ensemble
1 .
p(t > ) = Z€Xp| — Z,uj exp(—l/ljt) Aj +h.c.
J

* The constant amplitudes u; are determined by the initial state.

* Note that the operators A; are not necessarily extensive observables.



Example: driven superconductivity



Systems with n-pairing symmetry

e n-pairing symmetry
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n — correlations in the Hubbard model ()S

* High energy
* Off-diagonal long-range order
E * Superconducting
7
C.N.Yang, PRL 63,2144 (1989)
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« Competing order
* Decaying correlations




Spin-heated Hubbard model QS

Hubbard
model

Source of Heating

- dissipation o S*
- driving o B(1)

- __—>

t — 00
Spin d.o.f Eta d.o.f

* High Temperature * Off-diagonal long-
range order

Heating-Induced Long-Range 7-Pairing in the Hubbard Model, J. Tindall, B. Buca, J.R. Coulthard, DJ, PRL 123, 030603 (2019)



Spin-heating the Hubbard model from the ground state QS
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Stationary State QS

* The quantum jump operators L, « n, are Hermitian and thus the
identity operator I is a stationary state of the dynamics

— t_ gt tr ) =
LI = —i[H, 1] + Z(z L LT — LV L, T —TLV L, ) =0
u

« Conserved quantities are N, N;, and n*n~ and we assume a

stationary state of the form (with Lagrange parameters f; fixing them) ®
Re{}{i} e © ® ®
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Pss < exp(B1Ny + BNy + Bzn™n™) e o .. ° Pss
o % o
 Since in the stationary state p,; we have [pss, Pl-,j] = 0, where P; ; ® o = o
swaps two lattice sites we can show that O
v
Im{4;}

Tr{pss,ni Miz,;} = const.

J. Tindall, F. Schlawin, M. Sentef and D. Jaksch, Analytical Solution for the Steady States of the Driven Hubbard model, PRB103, 035146 (2021).



Lattice imbalance and n condensates

Lieb Theorem
(STS™) < N?
in unbalanced lattices
with
N, + N,
and total number of
lattice sites
N =N, + N,

Driving an unbalanced
lattice thus leads to long-
range n correlations in
the long-term
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J. Tindall, F. Schlawin, M. Sentef and D. Jaksch, Lieb Theorem and Maximum Entropy Condensates, preprint arXiv:2103.04687.



Summary: Dynamical symmetries QS
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NJP 22, 013026 (2020);
SciPost Physics 12, 097 (2022)
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