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Coherent dynamics in many-body quantum systems
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control of quantum
entanglement



Why entanglement control ?

identify states with robust
 coherence properties

quantum-to-classical transition

identify maximally achievable range
of coherence in many-body systems
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Entanglement as target

observable
entanglement measures

convex roof

advantages of entanglement measures and practicability  

L. Aolita and F.M., PRL 97, 050501 (2006)
F.M. and A. Buchleitner, PRL 98, 140505 (2007)
Felix Platzer, FM, A. Buchleitner, PRL 105, 020501 (2010)

Typical : define target state and maximize fidelity

 continuum of equally entangled states ...

... with different dynamical properties !

 accuracypracticability

http://lanl.arxiv.org/abs/0910.4908
http://lanl.arxiv.org/abs/0910.4908


∂τ

∂t

independent of control pulse

entanglement is independent of local unitary dynamics
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Local control

∂2τ

∂t2
interplay of interaction/decoherence and control

Local control

Intrinsic interaction

NV centers

NMR

∂2τ
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= �X �Hc + τ̈0
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Entanglement as target

observable
entanglement measures

convex roof

advantages of entanglement measures and practicability  
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 accuracypracticability

 reclaim invariance !
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Local control
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Felix Platzer, FM, A. Buchleitner, PRL 105, 020501 (2010)
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to-be-solved optimization
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On the fly
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gradient
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 update dummy vectors



re-optimize     after application of general control Hamiltonian

Φ

τ

Control recipe

anticipate change of    -landscape for general control Hamiltonian

read off optimal control Hamiltonian ...

... pump it !



Target of control
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Genuine n-body entanglement

advantages of entanglement measures and practicability  

M. Huber and F.Mintert, A.Gabriel and B.C.Hiesmayr  PRL 104, 210501 (2010) 

detects genuine n-body entanglement

tune to detect k-body entanglement

convex

if biseparable (i-th bipartition)
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τ3,5 ≤ 0

τ3,5 > 0

k-body entanglement

advantages of entanglement measures and practicability  

at least 3-body entanglement

3-body entangled

for states without at least 3-body entanglement

all 2-3 bipartitions

2-body entangled

separable wrt. one bipartition separable wrt. two bipartitions

Federico Levi & FM arXiv:1204.5322



back to control



90 6. Application of optimal control
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Figure 6.9: (a) Time evolution of τgme for a separable initial state of 3 interacting

qubits for various levels of control. The uncontrolled (blue dashed) dynamics are

shown, as well as controlled dynamics with various levels of control amplitudes

kmax: 10|Hs| (solid), 5|Hs| (grey dotted), |Hs| (brown dash-dotted). (b) The op-

timal time-local control fields k
(1)
x (blue) and k

(1)
y (red) addressing the first qubit

are shown, where maximal control amplitude kmax = 10|Hs|.

6.3.2 Targeting genuine multipartite entanglement

The main goal of this thesis is to implement the control scheme outlined in Chap-

ter 5 using the gme-detection quantity τgme as a target functional. This was

achieved in systems of two qubits, as shown in Section 6.2, and we show here our

successes with targeting τgme in larger systems. Although we were also success-

ful in implementing control on systems of four qubits, in this section we largely

present our exemplary results for tripartite systems.

As in the previous examples, we consider a system of interacting spins with a

system Hamiltonian Hs of the form given in (6.1). We were able to successfully

control the dynamics where the interaction strengths are the same as in (6.27).

The value of the largest interaction strength is therefore |Hs| = 0.5. We chose the

initial state given in (6.28) for the evolutions.

Time evolution of τgme in the absence of control is shown by the dashed blue

line in Figure 6.9. The system starts out in a fully separable state, so the initial

amount entanglement is zero. As in the previous examples, some amount of genuine

multipartite entanglement is generated due to the interactions, but this oscillates

at low values and never attains the maximum value.

We now turn to the optimized entanglement dynamics, which are also shown in

Figure 6.9. When the maximum control amplitude is selected to be kmax = 10·|Hs|,
a highly entangled state is quickly generated after a time of about t ≈ 1

|Hs| , and the

control is able to maintain a highly entangled state for the remainder of the time.
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3-body system

without control
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Figure 6.13: Time evolution of τgme in a non-interacting system of three qubits un-

dergoing dephasing with rate γ. The grey area shows the evolution of 50 randomly

generated locally equivalent GHZ states, and the black line shows the dynamics of

one of these states under optimal control with amplitude kmax = 5γ.

against this type of decoherence, no more control needs to be applied since no

further improvements to the robustness can be made.

In principle, this method can be applied with any model of decoherence where

the target functional is a measure of entanglement. Using our techniques to derive

local control that minimizes the decrease in the target functional, we can identify

the states of the local orbit that exhibit the largest values of the target functional

for the longest amount of time.

Robust coherence properties

genuine 3-body entanglement

5.2 Application of optimal control to NV centers 77
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Figure 5.9: Time evolution of the lower bound of concurrence τ in a non-interacting system

under dephasing with rate Γ = 0.8 µs
−1

. a—Dynamics for a pure, entangled (τ ≈ 0.6)

initial state under optimal control with amplitude hmax = 17 MHz (black line) and for 50

locally equivalent states without control (grey area). The entanglement of the optimally

controlled state is more robust to decoherence than that of generic, uncontrolled states.

The optimal control Hamiltonian (here the exemplary h(1)
x -component) is comprised of only

one short pulse in the beginning (red line, axis on the right). b—Dynamics of τ for a more

strongly entangled (τ ≈ 0.8), pure initial state (black line) and of a mixed initial state (red

line) in comparison with their respective locally equivalent states (brown and grey area,

respectively). c—Entanglement offset ∆τ at t = 0.1µs between the robust state in a after

perturbation, and the average value of the respective non-robust states. The perturbation

consists of applying a random unitary U (eq. (5.32)) with φi uniformly distributed around

zero with a maximal variation ∆φ. ∆τ is plotted as a function of ∆φ.

decay exponentially [44], due to dephasing, without oscillations. In this situation,
optimal control applied to a pure, entangled initial state drives the system towards
the state, that is most robust to dephasing in the sense that its entanglement (black

as compared to overall entanglement

Diploma thesis Felix Platzer
Felix Platzer, FM, A. Buchleitner, PRL 105, 020501 (2010)

http://lanl.arxiv.org/abs/0910.4908
http://lanl.arxiv.org/abs/0910.4908


Outlook

identify states with robust
 coherence properties

engineer states with well-defined
many-body coherence properties

more refined pulse-shaping

Björn Bartels on friday


