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OPTIMAL CONTROL |

Initial state Hamiltonian Evolved state

o) Hpthus it ) W(T))

Task: minimize = ] ‘<¢goal‘¢(T)>‘2

with the wave-fuction evolving with the
Schroedinger equation

Krotov Method: an iteration in which the “pulses” ui(t) are updated
and the wave function evolves according to the new Hamiltonian.



QUBITS & QUANTUM GATES

Local Hamiltonian

H(t) = Ec, + J1(t)o,

1

Interaction Hamiltonivh Time-dependent interaction

&

H; ;(t) = Jo(t)orol

Quantum Gate Simple guess and system
constraints VS desired gate

i e—szT(t)dt/h



OPTIMAL CONTROL I

Functional to be minized:
15
i 1—f+2Re/ at (] 4+ (6] H ) [x)
0

where X is a Lagrange multiplier

We seek for a stationary point of the functional using the
steepest descent method in the space of the “pulses” ui(t).



KROTOV ALGORITHM

. Choose a guess for the pulses ui(t)

. Evolve the wave function [t(0)) to |¢(T))

. Set [X(T)) = (Wgoat|¥(T')) |¥goal) and evolve it back to |X(0))

. At each time step update the pulses according to:

ug(t) = wi(t) + 2u(t) Im (x(t)| OH/Ou; |4 (¢))
. Evolve X with the old pulses and lp with the new ones

. Iterate steps 3 - 5 until reaching convergence



KIKROTOV NMETHOD

Input initial guess

state ./\

conjug @ target state
trajectory

)

input  New trajectory

state

o~ —~
b target state

conjugate
trajectory

Input
state

target state

Infidelity

number of iterations
of the algorithm



QUANTUM SPEED LIMIT

Determine the Minimum time
required for a quantum state to evolve
to a different one placed at a certain
distance from it.

E = (U|H|D)

Initial energy Initial state
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LIMITS TO OPTIMAL CONTROL

E w
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If NO solutions are found we conclude that T is below
the quantum speed limit time of the problem.



LIMITS TO OPTIMAL CONTROL
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EXP MEASURE OF THE QSP
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EXP MEASURE OF THE QSP

Landau-Zener transition in

BEC in an optical lattice
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EXP MEASURE OF THE QSP
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EXP MEASURE OF THE QSP
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ADIABATIC DYNAMICS AND QPTs
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S§PeED LIMIT AND QPT

Is it possible to cross a phase
transition without
generating any defect ?



§PeED LIMIT AND QPT

The Models
Model H [4bs) bG) A
GSA |(1 = D(6)(1 — ) ([e]) + (O — ) (¥ [N i) /VE 10...0) N2
LMG —(N"YX . ofof —T(t) X of 1Dz || e oy | = oo —3)g | N3
LZ ['(t)o® + we™ | 1)z | 1)z A
Infidelity

I(T) =1-|{¥cl¥(T))I*




§PeED LIMIT AND QPT
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§PeED LIMIT AND QPT
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§PeED LIMIT AND QPT
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CONCLVUSIONS & OUTLOOK

Quantum Optimal Control is a fundamental tool
for Quantum Information Protocols

“Efficiency” related to the quantum speed limits

Optimal control crossing a QPT



