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Maxwell's Demon

Statistical character of the second law
To the left: molecules faster than a threshold
To the right: molecules slower than a threshold

Sufficient control would “violate” the

second law

Modern standpoint:

Information acquisition = Measurement

Feedback control =

J. C. Maxwell, Theory of Heat 4th edition,

London: Longmans, Green, and Co. (1875). Conditional evolution



Experimental Implementations

On-Chip Maxwell’s Demon as an Information-Powered Refrigerator
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Cavity QED setup (2020)

Structure
Rydberg atoms

Atomic
Average photon number  Resonance frequency relaxation time

g, = 0.63 + 0.04 fc =51 GHz
Thermal field temperature Rabi frequency Total travel time

—96+01K y = 21 X 77 kHz




Protocol without demon

The qubit and the cavity
exchange energy through the
Interaction map

h
QC () = —~Z5, + hwala +V (1)

Interaction map U%¢
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The protocol is
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Single-energy quanta exchange




Features without demon

Entropy production (average)

(3) = BoQo + BcQc

Energy conservation

Second law

- The hotter system always give off
@ o A/BQC > U heat to the colder one




Exchange of energy controlled by a
Maxwell's demon

Protocol with the demon

No demon

The feedback step is build so that heat
from the cavity to the qubit is blocked




Exchange of energy controlled by a
Maxwell's demon

Autonomous
Implementation

No demon Readout step Feedback step

The measurement + feedback are performed
dynamically (autonomous performance)




Relation between them

[X@) is the probability
of measuring the
outcome k

2= 3 p (k)

C,(k
05 = (k) p3 ™

Readout step Feedback step



The logic map
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logic map

Rydberg levels
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Qubit + demon levels

The Rydberg
atom energy
levels are related
to the qubit +
demon levels
through the logic
map
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logic map
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Rydberg levels Qubit + demon levels

In light of the
logic map
both circuits
can be
Implemented
by turning the
source SD on
and off

Setup (revisited)

Demon on-off

(Controlled) gate




Thermodynamic Relation

Readout step Feedback step

From the conservation of entropy in the global system we
can show that

ABQc =D (p3°I¢3, ® 5. ) + AT

Relative entropy Mutual information
change during the
feedback step
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Heat transference

Without the demon,
the heat flows in the
“expected” direction

With the demon, the
heat flows in the
“inverse” direction

ABQc = D (p5° IG5, © Ch. ) + ATVE



Entropic quantities

ABQc — Alge:p

Generalized second law Entropy conservation
K. Micadei, et al. Nat. Commn. 10, 2456 (2019)




Wrapping up

* By employing a logic map we experimentally implemented an
autonomous Maxwell's demon in a cavity QED setup.

* From the fact that our tripartite system (qubit + demon +
cavity) is closed we obtained a thermodynamic relation
between the qubit-cavity heat exchanged and the mutual
iInformation between the demon and the qubit-cavity system.

* The presence of the demon allows the inversion of heat flow
at the expense of consuming the correlations created by the
demon during the readout.
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