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|. Release-recapture thermometry: an overview
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|. Release-recapture thermometry: an overview
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|. Release-recapture thermometry: an overview
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Least squares (standard approach)
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Least squares (standard approach)
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Least squares (standard approach)

\f/.d ?\/\’k\r\b Yo <(‘\(Q> D, X Q(T, %), we CDQAY'Z

g
o

N
(&)
T

(\NQ L AcMDPcRaxULS

N
o
T

mean number of atoms

ESA VM NOAC

5

=
3




Least squares (standard approach)
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Twice as much precision with
half of the measurement data
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Il. Bayes meets thermometry: a quick journey through
the foundations of scale estimation
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Il. Bayes meets thermometry: a quick journey through
the foundations of scale estimation

1 ConsrrueX o desedion Yondien DISUR o)

p— ]

\_J Cor\sxfruc)( N acco © %_;r\CSgioﬁc,\ _--\_/3

576 SA@ IR Q(@,F?\I?)D[@_( ), @\
e 1
/ ( ,

Pc\(o\m eker \ \> SOU\S\' ?(mtb
(ade ?.ar\O\@f\‘\' AEeS U e mml\_ ( P\r\\/ Syced Cesv N\\D\w"ong)

ade ?aﬁde N Quantum Sci. Technol. 8 015009 (2022)




Il. Bayes meets thermometry: a quick journey through
the foundations of scale estimation
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Release-recapture thermometry: unoptimised times
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Release-recapture thermometry: unoptimised times
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Release-recapture thermometry: unoptimised times
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Release-recapture thermometry: unoptimised times
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Release-recapture thermometry: unoptimised times

= Optimal rule to post-process measurements into a temperature reading:

Ve (n.t) = 0, exp [ / 8 p(Olm. £ og (%)]
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Release-recapture thermometry: unoptimised times

How do we report temperature estimates in global quantum thermometry?

d(n,t) £ Ad(n,t)

= Optimal temperature estimator:

d(n,t) = 0, exp [/ 46 p(9|n,t)log (%”

= Error bar:
Ad(n,t) = d(n,t)\/Eme(n,t)

* Measurement-dependent mean logarithmic error:

Emle(T, ) = /d@p(0|n,t) log” [19(75’ t)}

Phys. Rev. Lett. 127, 190402 (2021)
Quantum Sci. Technol. 8 015009 (2022)
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I1l. Maximising information content in an adaptive fashion

Phys. Rev. Lett. 127, 190402 (2021)

Mean information gain for a single shot (supersedes the Fisher information):

K(t) =), plnlt) log’ [ﬁ(gj)] —
where \'r\guymo\\r'\om ?(QU\AQA \37
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A priori optimised strategy
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Prescription first proposed in: New J. Phys. 21 043037 2019
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A fully adaptive approach

1. Given the prior p(6) and the likelihood p(n|6,t) for the
first shot, maximise KC(t) over ¢ to find ¢; = ¢s.

2. Perform a measurement at ¢; = ¢t and record n;.

3. Normalise p(0) p(n1|0,t1) and use it as the new ‘prior’
for a second run [33, 34]. Then apply step 1 to find the
optimal expansion time 5, and measure n..

4. Iterate p times. The resulting data can then be pro-
cessed using Egs. (3) and (4).

Phys. Rev. Lett. 128, 130502 (2022)
arXiv:2204.11816

@ ? QCQ\ ( (\'L\ Lz)

N
\_?_\7 Py, (@) o ()
po
[y 1) T ) (02,ko)
Pele) ©



80

60

40

S (LK)

20

O Least-squares 4\ Unoptimised Bayesian <> A priori optimised [ Adaptive

E § o (a) (b) ©
—~ 60 M—
2 30 W’\:\_.M \/\/*'_'\'\’\'\/*W"w“ M
\ 0 30 K 60 90 0 30 K 60 90 0 30 K 60 90 \
N l \ /
NCo NCo AQ A CO




Precision and convergence

Least squares
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Twice as much
precision with half of
the measurement data




Why does it work?
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Optimal cold atom thermometry using adaptive Bayesian strategies

V. Conclusions and outlook
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= Standard release-recapture thermometry is inefficient and wastes resources.

=  Global quantum thermometry can provide twice as much precision using
half of the measurement data.

= The global-Bayesian framework is applicable to any thermometric protocol
where temperature plays the role of a scale parameter.

= Next steps: Bayesian formulation of non-equilibrium quantum thermometry
under minimal assumptions.
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