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Non-Hermitian Hamiltonian

d

dt
|Ψ(t)〉 = −iHeff |Ψ(t)〉

d

dt
ρ(t) = − i

~

(
Heffρ(t)− ρ(t)H†eff

)
H0 = (Heff +H†eff)/2 and iΓ = −(Heff −H†eff)/2

d

dt
ρ(t) = − i

~
[H0, ρ(t)]− 1

~
{Γ, ρ(t)}

d

dt
Tr [ρ(t)] = −2

~
Tr [Γρ(t)]
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ρ(t)

Tr [ρ(t)]
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†
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ρS(0) −→ ρcS(t) = 〈0A| U(t) [ρS(0)⊗ |0A〉〈0A|] U †(t) |0A〉
= K(t)ρS(0)K†(t),

K(t) = 〈0A|U(t) |0A〉
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pρS(0)(t) = trρcS(t), %cS(t) = ρcS(t)/trρcS(t) = ρcS(t)/p0(t)
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ρS(0) −→ ρcS(nτ) = Kn(τ)ρS(0) (Kn(τ))†

p(nτ) = tr[K(τ)ρcS((n−1)τ)K†(τ)] = tr[Kn(τ)ρS(0) (Kn(τ))†] = trρcS(nτ)

K(τ) = 〈0A| exp(−iHτ)|0A〉
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Non-Hermitian Hamiltonian Engineering

Arbitrary non-Hermitian Hamiltonian Heff

Heff = H1 + iH2

H1 = 1
2(Heff +H†eff) = HS

0

H2 = −i(Heff −H†eff)
Denote by f the maximum Bohr frequency of H2. Fix τ in such a
way that fτ � 1, e.g., τ = 10−2f−1.
c = max(0,−M), where M is the minimum eigenvalue of the

operator i
τ (Heff −H†eff).

cI + i
τ (Heff −H†eff) ≥ 0 and corresponds to ΓS

H =
1

2
(Heff+H†eff)⊗|0A〉〈0A|+

√
cI +

i

τ
(Heff −H†eff)⊗(|0A〉〈1A|+ |1A〉〈0A|)
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H ′eff = Heff + 2iτg2
xyI12

U(t)

=


e−i(γz+2gz)t/~ e2τg2

xyt/~ 0 0 0
0 cosα −i sinα 0
0 −i sinα cosα 0

0 0 0 e−i(γz−2gz)t/~ e−2τg2
xyt/~


with α = 2(γxy − iτg2

xy)t ≡ (γ − ig)t

%cS(t) =
ρcS(t)
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Summary

I Derivation of a quantum non-Hermitian Hamiltonian in a
physically motivated scenario

I Trace decreasing semigroup for subnormalized density
operators

I Inverse problem (non-Hermitian Hamiltonian engineering) is
resolved

I If S is a composed system, then some interesting e�ects like
entanglement generation (entanglement stabilization) are
predicted

I Hermitian Hamiltonian dynamics for S +A =⇒ map for S has
Kraus rank = 1, so the conditional output states remain pure
if they were pure in the beginning

I Open problem: What dynamics would be induced if the
interaction between S and A is not unitary?
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