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Metrology

Cramer-Rao bound:
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Quantum Metrology

Quantum Fisher information:
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1 Introduction



Full and fast quantum control

N qubits+ancilae Evolution

Any unitary /
gate
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Fast quantum control



Parallel strategy
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Parallel with ancilae




Sequential with full control




Sequential with full and fast control




Noise description

ultrafast

superduperfast

Master equation

p = ilHo, ol + 3, Lilp)

(time homogenous)
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Llndbladlan noise
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Rank-one Pauli (dephasing)
Rank-one noise Re(r) x Im(r) = 0

|_1G Amplitude damping
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[Re(r)| = [Im(r)| and Re(r)"Im(r) = 0

Rank-two Pauli noise




A few remarks

1.Unitary noise can k=1

dt
be removed p=—$ilos.rl + L(p) L- (ﬁ)

3
2.Perpendicular Pauli noise L(p) = Z: L (70,00 + 070, p0])
can be corrected:

noise

Encoding:

00a)  [140a)

evolution

‘1q1a> |O(1111>

Code space Error space



2 .Quntum
metrology
with full
and fast
control



Bounding the QFI of a chan

Uhlmann-Josza Fidelity
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Quantum Fisher Information
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Bound for a parallel channe

Kraus representation —

=
|
1]

Kﬁ:Kﬁ@...@K,‘:N -

Quantum Fisher Information
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Linear scaling in N!




Sequential channel with con

Kraus representation

Ky = K¢ Un..Kg Uy

Quantum Fisher Information
Few) < AN [la@t)]| + 4NN = D)8 (1180)]] + LBl 4 2)

18I =0

Linear scaling in N!
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Control #k-2
Control #k-1

Take the limit dt — 0 k:%—)oo

4% Nlodn)|| + 4 25 |8 ([18(de)]| + 12l 1 /)

No need to solve the master equation

Ea(w) =EO + dt E@(w) + ...

trivial given by the Lindblad matrix L
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Preparation
Control #1
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Control #k-1
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Preparation

Control #1
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Result 1: For all Lindbladians except the the rank-one Pauli noise
the QFl is upper-bounded by:
Fr<dart
t
=rrf F< 2
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Preparation

Control #1
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Result 1: For all Lindbladians except the the rank-one Pauli noise
the QFl is upper-bounded by:
Fr<dart
—rrf <
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Preparation
Control #1

~ —
b

4 3
= B
) S
il =}
= =
3 3

O o

What about rank-one Pauli noise  £(p) = 3 (onpon — p)?

the evolution completely, but slowing it down:

w—=4/1-(n-2z)2w

Result 2: Rank-one Pauli noise can be corrected without cancelling

noise

proar = pr(1 — Ldt) — idt Lon, pi] + dtLo1pior + O(dt?)

[Uny Pt]

N

epitrallle + o1llgpiyadipo;

evolution

1q1a)

/1—(nz)2w
Prdr = pr — idl #[Ug,pt] +0(dt?)

Code space

Error space



Preparation

Control #1
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What about rank-one Pauli noise  £(p) = 3 (onpon — p)?

Result 2:

Pt+dt

Il

Rank-o without cancelling
the n:
Yes we can!
. noise
— idi 7Pt 01Pt01l:{)
[Una Pt]
Prratllpoy

N

Code space Error space

evolution

[1g1a)
(o5, pe] + O(dt?)




Scaling of the QFI

Rank-one Pauli noise Any other noise

Fo=1t2(1—-(n-2)?) Jr<dagt




Attainable precision (free repetitions)
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Attainable precision (single-shot)

5 T 3 €t ?
Bayesian Cramer-Rao Ziv-Zakai (for QFI)
1 2 1
(0w?) > o romy (0w?) =

Explicit strategy for interval prior
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3 .Qunatum
control for
metrology
with limited
resources



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

M




L(p) = %(pUlpUl + (1= p)ogpos — p)

Sequential strategy with
2 qubits and FFQC




Parallel —>
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4 .Role of
iIntermediate
control for
phase
estimation



Phase estimation

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

T

E: Prepare the same state C: Entangle the second qubit
for the second qubit. with the first one.




gle the second qubit
the first one.



1 _Scaling of the QFI in presence of
noise. Implications for precision.

2 Role of FFQC for metrology
" with limited resources.

3 Role of intermediate control
" for phase estimation.



