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L andauer’s principle: information is physical

* Fundamental heat cost for erasing information:
it o
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AQ g = heat dissipated in the reservoir.

ASg = entropy change in the system/memory.

Mixed — Pure: NS s NG ),
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e 7T =0: bound becomes uninformative.

* Would it be possible to have an erasure @ 7 = 0 with zero heat cost!?



L andauer’s principle: information is physical
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Open Quantum Dynamics

System-environment interaction:
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Open Quantum Dynamics

System-environment interaction:

s = e

Tracing over the environment is an irreversible process.

There is an associated entropy production:
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P.Strasberg, G. Schaler, T. Brandes and M. Esposito, Phys. Rev. X., 7,021003 (2017).
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Tracing over the environment is an irreversible process.

There is an associated entropy production:
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Quantum Landauer’s Principle

It is possible to show that if the environment is thermal, then

[ Y =7'(S:E) 4+ D(pllpE) = BAQE — ASs > 0 ]

Landauer’s principle is thus a direct consequence of the 2nd law.

D. Reeb, M. M.Wolf, New Journal of Physics, 16, 103011 (2014)



Quantum Landauer’s Principle

It is possible to show that if the environment is thermal, then

( Y =7'(S:E) 4+ D(pllpE) = BAQE — ASs > 0 ]

Landauer’s principle is thus a direct consequence of the 2nd law.

But this continues to be problematic @ T = 0.

Note that in this case the relative entropy diverges because the target
state becomes pure.

D. Reeb, M. M.Wolf, New Journal of Physics, 16, 103011 (2014)



Wigner entropy production

Focus on continuous variable systems with Gaussian states (g-optics,
BECs, phonons, trapped ions, &c.).

Instead of using the von Neumann entropy, use the entropy of the Wigner
function

Sw = —/d2a W log W

J. P.Santos, GTL and Mauro Paternostro, Phys. Rev. Lett, 1 18,220601 (2017)
M. Brunelli, et. al,, Phys. Rev. Lett., 121, 160604 (2018)



Wigner entropy production

Focus on continuous variable systems with Gaussian states (g-optics,
BECs, phonons, trapped ions, &c.).

Instead of using the von Neumann entropy, use the entropy of the Wigner
function

Sw = —/d2a W log W

For Gaussian states, the Wigner function is always non-negative.

Moreover, it is related to the Renyi-2 entropy:
So = — log trp®

J. P.Santos, GTL and Mauro Paternostro, Phys. Rev. Lett, 1 18,220601 (2017)
M. Brunelli, et. al,, Phys. Rev. Lett., 121, 160604 (2018)

Adesso, Girolami, Serafini, PRL, 109, 190502 (2012)



Wigner-Landauer principle for CVs

= We assume that S and E are both bosonic and Gaussian.

“ Moreover, their unitary is Gaussian preserving.

= Define the Wigner entropy production:

= where all quantities are now defined in terms of the Wigner function. e.g.,

Dy (W1 ||Wa) = / 20 Wi log Wy /Wo



Wigner-Landauer principle for CVs

" We assume that S and E are both bosonic and Gaussian.
= Moreover, their unitary is Gaussian preserving.

= Define the Wigner entropy production:

= where all quantities are now defined in terms of the Wigner function. e.g.,

Dy (W1 ||Wa) = / 20 Wi log Wy /Wo

» For Gaussian states, the Wigner entropy satisfies the strong subadditivity
inequality. All entropic quantities are well behaved.



When the environment is thermal, we can also write this as

M= Al ASyis >0



When the environment is thermal, we can also write this as
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When the environment is thermal, we can also write this as

DNET g oy s s
Yw = AdPgp — ASW,S =10 Adp = Z <bl<;bk> <bkbk>th

k=1 <b};bk>th + 1/2
1

I &
(0y. bk )t = i



When the environment is thermal, we can also write this as
DR S ey i
b, br) — (b.b
im1 (Opbr)en + /2
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(b.br)in =
This is not yet very useful: G

What makes Landauer useful is the connection to heat:

AQE = Z Qp, (b1 b)) — (bl br)en)
K



When the environment is thermal, we can also write this as
DR S ey i
b, br) — (b.b
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(b.br)in =
This is not yet very useful: G

What makes Landauer useful is the connection to heat:

AQp =Y Qs ((blbk) — (bhbr)m)
k
Playing with a chain of inequalities leads to:

A 2 I NSy & 'min = mkin Qk(<b};bk>th + 1/2)
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AQEg 2 I'minASw s, I'min = mkiﬂ Qk(<b/1bk>th + 1/2)

For high temperatures (T > Q, Vk)

Qk(<blbk>th S 1/2) Gl

We then recover the usual Landauer principle.



AQEg 2 I'minASw s, I'min = mkin Qk(<b};bk>th + 1/2)

For high temperatures (T > Q, Vk)

Qk(<bzbk>th S 1/2) Gl

We then recover the usual Landauer principle.

But nowif 7=10

B mkin (). /2 = infrared cutoff

The infrared cutoff establishes a fundamental lower bound at zero
temperature
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-xample: linear chain

Ng Ng—1
Hsp = wa'a + ngczci —g Z (cleipt + C;Lrlcz-) — Ma'ter + acl)
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Diagonalizing the bath part leads to normal modes:
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Conclusions

* Landauer’s principle: heat up to erase information
* Landauer is uninformative when T = 0.

* Formulating the problem in terms of phase space entropies reveals a
minimum heat cost.
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