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THE ENVIRONMENT

Fermi-Hubbard model with a quasi periodic on-site potential
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N-M AND LOCALISATION

Bose |lattice as controllable environment
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Quantum non-Markovianity induced by Anderson localization
S. Lorenzo, F. Lombardo, F. Ciccarello, and G. M. Palma, Scientific Reports 7, 42729 (2017)




N-M AND LOCALISATION

Bose lattice as controllable environment
superfluid - Markovian
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N-M AND LOCALISATION

Bose lattice as controllable environment
superfluid - Markovian
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THE ENVIRONMENT

Aubry-André model

Vi = Acos(2mfBi + @)
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Eigenstates
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THE ENVIRONMENT

Aubry-André model
Vi = Acos(2m 3t + ¢)
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THE SYSTEM: IMPURITY

Impurity atom
:  Motional
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THE S-E INTERACTION

local number operator 11y
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LOSCHMIDT ECHO OF THE FERMI LATTICE
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IMPURITY DYNAMICS

No initial correlations
ps(t) = Ai[ps(0)] = Tr[U(t)ps(0) @ pr(0)UT (#)]

:< Pgq(0) x*(t)pge(0)>
X(t)peg(o) pee(o)

Decoherence function

X(t) = (Tgle'ote et | W)



IMPURITY DYNAMICS

No initial correlations
ps(t) = Ai[ps(0)] = Tr[U(t)ps(0) @ pr(0)UT (#)]

:< Pgq(0) x*(t)pge(0)>
X(t)peg(o) pee(o)

Decoherence function

x(t) = det(l — 7 + fe—iﬁetez‘izgt)

Klich 1 2003 An Elementary Derivation of Levitov’s Formula BT - Quantum Noise in Mesoscopic Physics ed Nazarov Y V



IMPURITY DYNAMICS

Uncorrelated initial state
ps(t) = Ai[ps(0)] = Tr[U(t)ps(0) @ pr(0)UT (#)]

:< Pgq(0) x*(t)pge(0)>
X()peg(0)  pec(0)

Decoherence function

X(t) = det'y@—% f'e—iﬁete
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Klich 1 2003 An Elementary Derivation of Levitov’s Formula BT - Quantum Noise in Mesoscopic Physics ed Nazarov Y V



ENVIRONMENT

Initial state of the environment

X (t) = det(1 — Niegew + ﬁcdwe_ii’“eteiﬁgt)
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Charge density wave state (CDW)
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Out of equilibrium environment

H. P. Lischen, P. Bordia, S. Scherg, F. Alet, E. Altman, U. Schneider, and | Bloch, Phys. Rev. Lett. 119, 260401 (2017)
S. Vardhan, G. De Tomasi, M. Heyl, E. J. Heller, and F. Polimann, Phys. Rev. Lett. 119, 016802 (2017)
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NON-MARKOVIANITY MEASURE

¥ Information Flow

d
o(t) = - D(@,pg, @,p%)

¥ BLLP-measure

N (P) = max />0 dto(t)

1.2
Ps

Heinz-Peter Breuer, Elsi-Mari Laine, and Jyrki Piilo
Phys. Rev. Lett. 103, 210401 (2009)



NON-MARKOVIANITY MEASURE

information backflow ,, - VL(ths1) ! /L(tn)
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NON-MARKOVIANITY MEASURE

information backflow ,, - VL(ths1) ! /L(tn)
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NON-MARKOVIANITY MEASURE

R = backflow/outflow
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NON-MARKOVIANITY MEASURE

R = backflow/outflow
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NON-MARKOVIANITY MEASURE

R = backflow/outflow
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NON-MARKOVIANITY MEASURE

R = backflow/outflow

ogt 4 0.8
06l / 0.6}

[ J ] I ] i
..' I R 04f \ 1 R &t

_ _ | v | | el
: ' | ¢ - | e
0.0 om— . . 0.0 opeemppniopenn®" ; &" G

le 1.8 20 22 1.6 1.8 20 22 "'t %'& %%
AlJ AlJ AJ(

Lattice size Impurity strength Random Phase

Ng = 233 377,987 e/J=10"1* 10 4 10" 3 Qb



WORK STATISTICS
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WORK STATISTICS
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WORK STATISTICS

Averaging

over the position 1 g/
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WORK STATISTICS

Averaging over the p08|t|on
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ADIABATIC COUPLING

Asymptotic coherences of the probe

el 1 = [(Fole = 0U(+eo)¥oe = )] = [(Wole = O)¥Fo(x. )

Ground states fidelity /

F(x, €) = [(Yo(e = 0)[Fo(x, €))

Statistical Orthogonality catastrophe

Fiy, = exp(log F) ~ exp(—fL)

V. Khemani, R. Nandkishore, and S. Sondhi, Nature Physics 11 560-565 (2015)
D. L. Deng, J. Pixley, X. Li, and S. D. Sarma, Physical Review B 92 220201 (2015)



ADIABATIC COUPLING

Asymptotic coherences of the probe

el 1 = [(Fole = 0U(+eo)¥oe = )] = [(Wole = O)¥Fo(x. )

Ground states fidelity /

F(x, €) = [(Yo(e = 0)[Fo(x, €))

Orthogonality catastrophe “probability”

1 N
o(e) = <ﬁ Z 00 — F(x, e))>
S x=1 ‘
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GAP OPENING

Strongly localised phase
Ei ~ A cos(2m83i + ¢) - 03]
Resonance '
Vi—=Vip| S J —
J 1 25 50 75 100
278> + 1/2 < '
| sin(27B(i + 1/2) + ¢)| < 2A sin(iB) )

Gaps openingat B, ~ +A cos(rf)

D. J. Thouless and Q. Niu 1983 J. Phys. A: Math. Gen. 16 1911



GAP OPENING

Strongly localised phase
Ei ~ A cos(2m83i + ¢) - 03]
Resonance '
Vi—=Vip| S J —
J 1 25 50 75 100
278> + 1/2 < '
| sin(27B(i + 1/2) + ¢)| < 2A sin(iB) )

Gaps openingat B, ~ +A cos(rf)

With states on opposite sides of the gap close in space

D. J. Thouless and Q. Niu 1983 J. Phys. A: Math. Gen. 16 1911



TWO-LEVEL MODEL

Mechanism weak impurity
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TWO-LEVEL MODEL

Impurity affects

neighbouring site
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TWO-LEVEL MODEL

No occupied neighbour
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ADIABATIC TRANSPORT
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D. L. Deng, J. Pixley, X. Li, and S. D. Sarma, Physical Review B 92 220201 (2015)



RADIUS OF DISTURBANCE

Rx (1) = <Z (7 — ) [n(j) ﬁ(j,!,:v)]>
j =1

%%

%lr

#$

#1 -




IMBALANCE
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H. P. Lischen, P. Bordia, S. Scherg, F. Alet, E. Altman, U. Schneider, and | Bloch, Phys. Rev. Lett. 119, 260401 (2017)



WS AND STOC
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CONCLUSIONS

() Different coupling can be used to highlight different

() Non-trivial conr
correlation, orth

oroperties of a quasi periodic lattice

ection between energy-space
ogonality catastrophe and density

fluctuations Iind

uced by localised impurities

() Connection between non-Markovianity and

localisation in g

uasi-periodic systems

(out of equilibrium environment)
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