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generalised Heisenberg relation
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How do we get an estimator?

x1, x2, x3, ..., xM yest

Bayesian estimators

yest =

Z
yP (y|~x)dy

Var[y] =

Z
(y � yest)

2P (y|~x)dy
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probe evolution measurement

⇢0 ⇧x

Multiparameter regime

y1, y2, ..., yK
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Fisher information

Ij,k(~y) =
Z

@jp(x|~y)@kp(x|~y)
p(x|~y) dx

Cov[~y] � 1

M
I(~y)�1

multiparameter Cramér-Rao bound

[lots of maths which is essentially a cleverer use of the 
Cauchy Schwartz inequality than before]



measure in the direction in which the
state curves the most





2@k⇢~y = Lk⇢~y + ⇢~yLk

we look at the curvature parameter by 
parameter



2@k⇢~y = Lk⇢~y + ⇢~yLk

we look at the curvature parameter by 
parameter

Quantum Fisher Information

Qj,k(~y) =
1

2
Tr[⇢~y(LjLk + LkLj)]



2@k⇢~y = Lk⇢~y + ⇢~yLk

we look at the curvature parameter by 
parameter

Quantum Fisher Information

Qj,k(~y) =
1

2
Tr[⇢~y(LjLk + LkLj)]

Q(~y) � I(~y)

Quantum Cramér-Rao bound



we look at the curvature parameter by 
parameter

2@k⇢~y = Lk⇢~y + ⇢~yLk

Q(~y) � I(~y)

Quantum Cramér-Rao bound



we look at the curvature parameter by 
parameter

2@k⇢~y = Lk⇢~y + ⇢~yLk

Q(~y) � I(~y)

Quantum Cramér-Rao bound

The optimal measurement is unknown
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compatibility conditions

Tr[⇢~y{Lj , Lk}] 6= 0 though luck

Tr[⇢~y{Lj , Lk}] = 0
joint optimal 
estimability *

* using a collective measurement 
on a large number of replicas
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what is commonly assessed

information is there, but there might not 
enough room to extract it!

 l

this is a measure of information 
extraction (not of information itself)

⌥ = Tr[I�1 ·Q]
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y 2

comparing two covariance matrices

I�1/M Cov[y1, y2]
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test = M2Tr[Cov[y1, y2] · I] + ...
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here’s an example

bs bs

�

phase
+visibility

v

✓

p(�, v) ⇠ 1 + v cos(�� ✓)
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ok, fine: anything interesting?

bs bs

�

R polarisation

L polarisation

sugar + 
water
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how did it work?

fructose glucose

✔ ✔

E. Roccia, V. Cimini et al. arXiv:1805.02561
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