Entanglement Preserving Local Thermalization



Entanglement Preserving Local Thermalization

Chung-Yun Hsieh | Matteo Lostaglio | Antonio Acin

ICFO"®



Motivation



Entanglement Preserving Local Thermalization

N. Brunner et al., Rev. Mod. Phys. 86, 419 (2014); R. Horodecki et al., Rev. Mod. Phys. 81, 865 (2007).



Entanglement Preserving Local Thermalization

N. Brunner et al., Rev. Mod. Phys. 86, 419 (2014); R. Horodecki et al., Rev. Mod. Phys. 81, 865 (2007).



Entanglement Preserving Local Thermalization



Entanglement Preserving Local Thermalization



Entanglement Preserving Local Thermalization

- - - -
/ ~ P ~
4 :/\\, AL \\
|
{ I o \/. I
\ / \ /

B. Morris, L. Lami, and G. Adesso, Phys. Rev. Lett 122, 130601 (2019). [Poster #42]
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Local operations + shared randomness

Local Thermallzatlon‘ Locally behaves as (+) = ypand (1) = yp

RESULT 1 | Product local thermalization is identical to () ~ Ya Q vg.
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Local operations + shared randomness

Local Thermallzatlon‘ Locally behaves as (+) = ypand (1) = yp

Do entanglement preserving local thermalizations (EPLTs) exist?
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RESULT 2 ‘ EPLT exists when the smallest eigenvalue among y, and yg > rER

RESULT 3 ‘ In 2-qubit case, EPLT exists for all temperatures > 0 & finite-energy Hamiltonians.
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What is the underlying mechanism of EPLT?

Usual subsystem thermalization
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RESULT 4 The mechanism is suggested to be a speed-up of subsystem thermalizations.
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Entanglement can survive subsystem thermalization.
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Entanglement can survive subsystem thermalization.

This is due to the speedup of subsystem thermalizations.
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Information-theoretic formulation
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Information-theoretic formulation

Information-Theoretic (LOSR) Formulation
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EPLT in the information-theoretic formulation
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EPLT in the information-theoretic formulation

THEOREM ‘ The channel

ECr vy () =1 —6)(ns @ ng) + €T ()

with ng = yx + i (yx — %X) is a local thermalization to (y,, yg) for all

0 < € < dPpjn, Where P, is the smallest eigenvalue among Y4 and yg.
Moreover, for all input ppg, we have

Tmax[g(EyA,yB) (pAB)] 2 E<ch-ll_|pAB|ch-ll_>

|LP;{) = ﬁ;%lnn) is @ maximally entangled state.

Frax(p) = m‘gx(‘{’lpl‘{’) is the fully entangled fraction. |
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U := {U;})_, is the vector of unitary arguments
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LEMMA ‘ For every A > 0, we have P (||T - TU(N)”i = ziN > /1) <

G. Téth and J. J. Garcia-Ripoll, Phys. Rev. A 75, 042311 (2007).
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Speed-up of subsystem thermalization

THEOREM ‘ Given the local thermal state y. If

8

TVX>tUXE

then for every local input px # yx, there exists a value §" > 0 such that for every
2pX.
d € (0,6") and Ng == [8 log, %}, Ng-EPLT can demonstrate a speed-up of

0-thermalization for py to yx with success probability

[l
dzpr)r(lin\/E

Pr)flin:smallest eigenvalue of yy N—EPLT:.an EPLT real.lzet.j by N S.peec.i—up: EPLT thermalization
sequential random unitaries. time is shorter than normal one.




