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Evolution

Full and fast quantum control

+	Noise

Any	unitary
gate

Fast	quantum	control
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Parallel strategy
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Parallel with ancilae
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Sequential with full control
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Sequential with full and fast control
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Noise	description
(how	fast	is	fast?)

ultrafast superduperfast

Lindbladian	description Hamiltonian	description

Master	equation
Next talk!

(time	homogenous)



Lindbladian	noise

Rank-one	noise

Rank-two	Pauli	noise

Rank-one	Pauli	(dephasing)

Amplitude	damping
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probably the most tech
nic
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Bounding	the	QFI	of	a	channel

Uhlmann-Josza	Fidelity

Quantum	Fisher	Information

Explicit	dependence	on	the	parameter



Bound	for	a	parallel	channel
P
re
pa
ra
ti
on ...

...

an
ci
lla
s

Kraus	representation
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Quantum	Fisher	Information

=	0

Linear	scaling	in	N!



Sequential	channel	with	control

Kraus	representation

Quantum	Fisher	Information
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Linear	scaling	in	N!



Take	the	limit
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No	need	to	solve	the	master	equation

trivial given	by	the	Lindblad	matrix	L	
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If	there	exist							s.t.																				then		
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Result	1: For	all	Lindbladians	except	the	the	rank-one	Pauli	noise
the	QFI	is	upper-bounded	by:	
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Result	1: For	all	Lindbladians	except	the	the	rank-one	Pauli	noise
the	QFI	is	upper-bounded	by:	

Noise wins 
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Result	2: Rank-one	Pauli	noise	can	be	corrected	without	cancelling
the	evolution	completely,	but	slowing	it	down:

What	about	rank-one	Pauli	noise																																								?	
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Result	2: Rank-one	Pauli	noise	can	be	corrected	without	cancelling
the	evolution	completely,	but	slowing	it	down:

What	about	rank-one	Pauli	noise																																								?	

Yes	we	can!



Rank-one	Pauli	noise Any	other	noise

Scaling	of	the	QFI



Attainable	precision	(free	repetitions)
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1.Time-particles
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2.Frequency	estimation

with



Attainable	precision	(single-shot)
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Bayesian	Cramer-Rao Ziv-Zakai	(for	QFI)

Explicit	strategy	for	interval	prior	



.Qunatum
control	for
metrology
with	limited
resources

3



FFQC	with	limited	ressource

Lindbladian:	X-Y	noise

...

Sequential	strategy	with	
2	qubits	and	FFQC
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Parallel	strategy	with	
N	qubits	and	ancillae



FFQC	with	limited	ressource

Lindbladian:	X-Y	noise
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Sequential	strategy	with	
2	qubits	and	FFQC
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Parallel	strategy	with	
N	qubits	and	ancillae
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Parallel	strategy	with	
N	qubits	and	ancillae

1.Solve	the	master	equation

2.	Optimize	the	bound	numerically	for	a	fixed	t	

3.	Optimize	over	t	
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Sequential	strategy	with	
2	qubits	and	FFQC



Comparision

For	p=	0.01(solid)	and	p=	0.05(dashed)
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Phase	estimation
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parallel sequential

Is	there	an	improvement?



Simple	example

Two	qubits	and	two	ancilae

X-Y	noise	channel

Optimal	encoding



Find	the	optimal	entangled	state

The	corresponding	QFI



Prepare	the	first	qubit	

Read	out	the	error	syndrome

E:	Prepare	the	same	state
				for	the	second	qubit.

C:	Entangle	the	second	qubit
					with	the	first	one.



Prepare	the	first	qubit	

Read	out	the	error	syndrome

E:	Prepare	the	same	state
				for	the	second	qubit.

C:	Entangle	the	second	qubit
					with	the	first	one.
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Scaling	of	the	QFI	in	presence	of	
noise.	Implications	for	precision.
.1

.2

.3

Role	of	FFQC	for	metrology
with	limited	resources.

Role	of	intermediate	control
for	phase	estimation.


