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OUR PLAN FOR TODAY

“lements of quantum metrology

Beyond phase estimation, but why?
* Symmetry-informed metrologies
» Hyperbolic errors and the metrology of welights

* [he global estimation of entanglement




ELEMENTS OF QUANTUM METROLOGY
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ELEMENTS OF QUANTUM METROLOGY
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Optimal quantum strategy?

(i.e., best estimator and pom?)
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C.W. Helstrom |9/6, Academic Press, New York.



BEYOND PHASE ESTIMATION, BUT WHY?
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BEYOND PHASE ESTIMATION, BUT WHY?

Quantum estimation of a lifetime Scale invariance
Let a two-level atom Let be @ a hypothesis about t; if we are max-
imally ignorant, our knowledge is invariant under
W) =v1-ale)++/alg)
0 — 0 =0
undergo spontaneous photon emission t >t =yt
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Logarithmic error

(6.0 = 1200

SO that
. [1-ae™| [a(l —a)e™]? » Symmetric: 2(0,6) = 2(8, 6)
o) = : . , . :
t al—aye ]} gt  Invariant: 2,8, y0) = 2(, )
- Monotonic growth (decrease) as 6 > 6 (6 < 0),
What is the value of the the lifetime 7 ? vanishing at 6 = 6

e chnol o, 015009 (2022); PRL 12/, 190402 (2021)
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BEYOND PHASE ESTIMATION, BUT WHY?
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Quantum scale estimation

Let & = |ds P(s)s be solution to Spy+ peS = 2p,

where p, = fd@p(@)p(@)logk(é’); then, the optimal estimator

and pom are

and the minimum mean logarithmic error Is

dOp(O)log’(0) — Tr(pyS)|

| €min = {

Quantum Sci. Technol. 8, 015009 (2022) prior info. info. gain
g 9040 (2021)




Scale estimation Symmetry-informed estimation

Invariant under transformations

0 — 0 =0 0 — 0 = g(0)

Mapping to location estimation

log(0) — log(€") = log(f) + log(y) J(0) = f(0) = f(O)+c
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PRL 127, 190402 (2021)
Phys. Rev.A 105, 042601 (2022)




SYMMETRY-INFORMED METROLOGIES
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Optimal quantum strategy for quadratic errors

Let & = [ds P(s)s be solution to Spy+ peS = 2py,

where p, = jdé’p(é’)p(é’) FX(0); then, the optimal estimator

and pom are

and the minimum medn quadratic error Is

€min = Jd&’p(é’)f 0)=Tr(pyS?) i

arXiv:2402.16410 prior info.  info. gain
B0 cl lechinol 8, 01 5009 (2022)



HYPERBOUC ERRORS AND TI—IE METROLOGY OF \/\/E\GI—ITS

Probability of success Weight parameters

p(r|n,n) = B(n,r)n"(1=n)""’ =T
Measure the relative weight between
two possibilities asn and1 —n.

Mixture of two quantum states

0 =noy+ (1—n)o

Schmidt parameter characterising the tvvo—qubit bure state family
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Bt ERBOLIC ERRORS AND THE METROLOGY OF WEIGHTS

How do we construct a quantum metrology for weight
barameters using symmetry-informed estimation/

Maximum ignorance
prior (if it exists)
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[ Maximum ignorance

N Map into location
for weight parameters |

estimation

PRL 127, 190402 (2021)



Bt ERBOLIC ERRORS AND THE METROLOGY OF WEIGHTS

Weight parameters

Measure the relative weight between two possibilities, égand e;,asnand 1 —n.

J L < * Myhypothesisis@. |1+ My hypothesis is &' -

} * Ihe probability | would | { * The probability | would |
| chooseeyisp(ey) =6. || chooseeyis pley|I) = O

Mobius transformation

pleg)p | ey)
pley)p | ey) + plepp|e;)

pley|l) =

g bern 4. /2 /-241 (1968)



HYPERBOUC ERRORS AND TI—IE METROLOGY OF \/\/E\GI—ITS

e —— 209 = bl
/gnorant about the value of 77 (functional equation)

A// | know is that it is a wei ght
Darameter L ;‘j

Haldane’s prior

[Same herel Our prior {
knowledge must then
f eqa/e, - ,‘.

p(0) o1 —0)

g bern 4. /2 /-241 (1968)



Bt ERBOLIC ERRORS AND THE METROLOGY OF WEIGHTS

Let ¢ be a location parameter and (@, @) = (& — @)*.

If our problem is isomorphic to location estimation, then,
in the limit of maximum ignorance,

db
(1 — 0)

p(p)de = p(6)do do

Therefore;

Hyperbolic error Symmetry function

~/

-~ 0—0
D(0, ) = 4 artanh? ( — ) f(z) = 2artanh(2z — 1)

0+ 60— 200

graie 210216410



Quantum weight estimation

Let 8 = |ds P(s)s be solution to Spy+ puS = 2py,

where p, = 2 [ dOp(0)p(0) artanh*(20 — 1); then, the optimal

estimator and pom are

and the minimum medn quadratic error Is

dOp() artanh®(20 — 1) — Tr(pyS?)|

1€min = 4J

prior info. info. gain

griie 10216410



| HE GLOBAL ESTIMATION OF ENTANGLEMENT
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| AKE-HOME MESSAGE
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