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Quantum measurements

* Described by POVMs {M; }i ZMiTMi =1
i
» State after the measurement - Mt Mg
MM, ]
e Probability tr[M; pM]]
* Projective measurement M;M;j=1;=12



Thermodynamics from a quantum perspective

* Global reversible time evolution | (t) = Ul U"

* Emergence of thermal states through et ' F

entanglement and course graining 12 m(P) = Z (5)

e Unitary orbit of thermal statesis full rank ! third law 3
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Thermodynamics from a quantum perspective

* Global reversible time evolution | (t) = Ul U"

* Emergence of thermal states through e
. 7(5) =

entanglement and course graining Z(B)

e Unitary orbit of thermal statesis full rank ! third law

;9155139!<$=$5>"'0"$9?7Sib+ imposv§::i\'_\qble‘yt6 cool down to

absolute zero with finite resources.
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Outline

* Quantum measurement
e Description/ definition

* |deal measurement
* 3 mathematical properties
* Qubitexample

* Results
* |deal measurements are not possible
* Approximationsto ideal measurements
* Quantifying the energetic cost of a measurement

e Summary and future works
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ldeal measurements

An $G:!=ameasurement satisfies Kfundamental properties.

(, ;9<9$!/:G
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ldeal measurements

'9<$!/:G&'The prob. of finding the pointerin the state “i” after the
interaction is the same as the prob. of finding the system in | i) before
the interaction.

tr|I® IL;pgp | = tr||iXil, ps] = pii Vi

LI$S56F8F8ere is a one-to-one correspondence between the pointer
outcome and the post-measurement system state.

C(psp) : Ztr |it | # | Zpsp} =1

M19%$9%!/$%I&E probability of flndlng the system in the state | i ) is
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ldeal measurements: an example

An ideal measurement of I"#$dimensional system by a 1-qubit pointer.
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ldeal measurements

A measurement is non-ideal if any one of the Kproperties fails to hold.

(, ;9<3$!/:G

3, LI$56F8=

K, M19$9%!/$%: . d\\\\\\\\:\"\\
\\\\\\\\\\\\ invasive




Theorem: ideal measurements are not possible

» LI$56F8neasurements (perfect correlations) are possible $F'19G'19=>"
$Fone can prepare pure states.

* By the third law of thermodynamics, one cannot prepare pure states,
therefore FI$56F8s@asurements not possible! ideal measurements
are not physically feasible.
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Approximating ideal measurements

Since ideal measurements are not possible, we would like to determine how
closely they can be approximated.
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Approximating ideal measurements

Since ideal measurements are not possible, we would like to determine how
closely they can be approximated.

Before: !S®!p %!NSP
(, ;9<3%!/.G

3, LI$56F8= X Now: U (Ts! " (#) U =+4g

K, M19$9%!/$%:X
Uis unbiased (preserves the

probabilities)



Energy cost of unbiased measurements

N1!=&to bring !~S|D as close as possible to the ideal post-interaction state. We
know that pure states make the best pointers.
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Energy cost of unbiased measurements

N1!=&to bring !~S|D as close as possible to the ideal post-interaction state. We
know that pure states make the best pointers.

(, @11the pointer (bring it closer to a
(, ;9<%/:G / pure state).

3, LI$56F8= X 3, @1":=I5the pointer and system
(generate as much correlation as
K, |\/|19$9%!/$%1X possible to effect the measurement).



Schematic of setup
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Energy cost of unbiased measurements
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Energy cost of unbiased measurements

AF = AEc:ool +- Achorr

(, @1lthe pointer. ﬁ — 50

3, @1":=I5the pointer and system apply by applying the unitary that
achieves the best possible correlation for the new temperature and
number of particles at the lowest energy cost

min ABcor s.t. C(psp) = Crmax(Bos ) 19122587219/5"875819



Energy cost of unbiased measurements

(, @11the pointer. (108<$5'F'$GA(B)®Y > 75 (B2E)C"

1 1
AFEcool = N(Er — 1) (e_BEF +1 ~ e—BEp 4 1)

a4 D)
1 EF F. Clivaz, R. Silva, G. Haack, J. Bohr Brask, N. Brun-
E ner, and M. Huber, “Unifying paradigms of quan- tum
P 0 refrigeration: resource-dependent limits,” (2017),
0) L / arXivi1710.11624.




Energy cost of unbiased measurements

AE = AEc:ool +- Ach:orr

3, [@1™:=!5:the pointer and system. P
AE_.,, analytic ancjv/c:)rrelatlons. Psp . . N
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Best correlations fo N-qubit pointer
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Cost of a non-ideal measurement

e System:1 qubit
»  Pointer: 6-qubits
12 ~ Thecostof correlating | (energy gap in the
1000 0.5 microwave
o4l regime PE;=1/30)
Y .
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Summary

* R6:1":B&'an unbiased measurement can always be
implemented at finite cost and in finite time.

« @1"1==!"waBbe faithful, the pointer has to be cooled, subject
to the laws of thermodynamics.

* @19/:08:97:&btaining reliable knowledge about quantum

systems generically requires macroscopic quantities of work;
perfect knowledge is infinitely expensive.

o SI=$GP5Fe4&ults valid for I"# system-pointer Hamiltonian,
fundamental bounds phrased in terms of dimension and B.



Future work

* Quantum to classical transition requires macroscopic work! robustness
and broadcastability.

 Fundamental ‘collapse’ and other foundational questions.

e Work Estimation and Work Fluctuations in the Presence of Non-ldeal

Measurements (Tiago Debarba, Gonzalo Manzano, Yelena Guryanova,
Marcus Huber, Nicolai Friis arXiv:1902.08568 )

e Landauer erasure and other schemes using infinite control (or time) trade
—off with cost? complexity” ! energy” ! time
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