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C?

Maximum extractable work from a closed sys-
tem: concept of Ergotropy

Maximum extractable work from a closed system
ρs is defined by:

We(ρs) = (ρsHs)−minU(U[τ]ρU[τ]†Hs).

Where, U[τ] =−→exp(−i—h∫τ0 dt(Hs+V(t))
)
, the time-

dependent potential V(t) starts at t= 0 and decou-
ples from the system at t= τ. Under this dynamics
final state would be passive state.

We(ρs) = (ρsHs)−(ρpsHs).
If Hs =

∑
iEi|i⟩⟨i|, then ρ

p
s =

∑
ipi|i⟩⟨i|, where

Ei ≤ Ej and pi ≥ pj.

Objectives

Ergotropic gap

Wg
e = Tr(ρABHg)− min

U∈L(HA⊗HB)
Tr{UρABU

†Hg}

= Tr(ρABHg)−Tr(ρ
p
ABHg)

Two-2-Coin

Ergotropic gap

Here, Hg =HA⊗ IB+ IA⊗HB.
Wx

e := Tr(ρXHX)−Tr(ρ
p
XHX)

∆A|B =Wg
e − {WA

e +WB
e }

= Tr(ρpAHA)+Tr(ρpAHA)−Tr(ρpABHg)

mmm

Main results

Proposition: A multipartite pure state governed
by the general Hamiltonian is entangled if and
only if it has non-zero ergotropic gap.

Theorem 1: Ergotropic gap of a pure bipartite
state |ϕ⟩AB is greater or equal to that of |ψ⟩AB if
λ(|ϕ⟩)≺ λ(|ψ⟩), where λ(|ϕ⟩) and λ(|ψ⟩) correspond
to the spectrum of the individual marginals.

Theorem 2:

Few applications on different kind of states

Applications

• A two-qubit state with maximally disordered
marginals can be necessarily and sufficiently char-
acterized by our criteria.
• For the case of a pure two-qubit system, EG be-
comes an entanglement measure which is robust in
nature.
• Recently, we have generalized this measure to
capture the genuine entanglement.

Main results

Passive state energy is a new entanglement
monotone

Define a real function f : D(H d
A )→ R, by

f(ρA) = E (ψAB)

(i) Unitary invariant: f(ρ) = f(UρU†).
(ii) Concavity: f(

∑
iλiρi)≥

∑
iλif(ρi)

• Passive state energy follows the above two
criterion. More explicitly we can show that: if
ψAB to ϕAB transformation is possible under
LOCC then Tr(ρpA(ψ)HA)≤ Tr(ρpA(ϕ)HA).

• It is an independent thermodynamic measure
than entropy and only measure which build a
direction connection between thermodynam-
ics and entanglement theory.
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