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We present a new inequality which holds in the thermodynamical processes with mea-
surement and feedback controls with using only the Helmholtz free energy and the entan-
glement of formation[1]:

Wext ≤ −∆F − kBT∆ESB−R
F , (1)

where ESB−R
F is the entanglement of formation [2] between system and baths SB and

the reference system R, and −kBT∆ESB−R
F is always positive. The difference ∆ESB−R

F

is taken between before and after the unitary interaction USP between the system S and
the probe P during the measurement:

−∆ESB-R
F = ESB-R

F |before USP
− ESB-R

F |after USP
. (2)

It is easier to achieve the upper bound in the new inequality (1) than in the Sagawa-
Ueda inequality[3]:

Wext ≤ −∆F + kBTIQC. (3)

The new inequality has clear physical meaning: the quantity −∆ESB−R
F is also the

amount of entanglement transfer from the system S to the probe P through the interac-
tion USP . In the above thermodynamical processes, the work which we can extract from
the thermodynamic system is greater than the upper bound in the conventional thermo-
dynamics by the amount of the entanglement extracted by the unitary interaction of the
measurement. In other words, from a thermodynamical point of view, we can interpret
the entanglement transfer as the information transfer.
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