Estimating two temperatures using quantum THE UNIVERSITY
: h.verma@uq.edu.au % OF QUEENSLAND
processes, and Mach-Zehnder interferometer e

Harshit Verma, Carolyn E. Wood, Magdalena Zych, Fabio Costa CREATE CHANGE EQUS

Australian Research Council

Centre of Excellence for

ARC Centre of Excellence for engineered quantum systems (EQUS), School of Mathematics and Physics, University of Queensland, St Lucia 4072, QLD, Australia Engineered Quantum Systems

THERMOMETRY AND BOUNDS ON ESTIMATION

Measurement & State preparation of Temperature(s) encoded through Measurement and
estimation scheme: [ i) = sl interaction with bath(s) estimation of temperature

Mulfiparameter CR bound : COV(T) > 5

Bounds on variances Or,1

obtained from the above Var(Th) 2 udet(zéfr)

matrix inequality : Var(Ty) > VdfﬁgT) BS,
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OPERATIONAL MODELS OF SUPERPOSITION OF TEMPERATURES

* Question: What does it mean 1o have a superposition of thermalizihg quantum channels ¢

« Approachesll!: D"

2 — bath case: 1 — bath case:

» Refined question: How effectively can we measure the temperature of the bath(s) in the above 2 approaches ¢

NUMERICAL RESULTS FOR TEMPERATURE SUPERPOSITIONS

For a single qubit as a probe: 1-bath/ 2-bath : |QFIM| = 0 = Bounds cannot be obtained. For a two- qubit probe,
| QFIM | # 0 (generally).
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NUMERICAL RESULTS FOR THE QUANTUM SWITCH BASED SETUP

Var(T,)

e Indefinite causal order via. Q - Cirl over order of

application of 2 thermalizing channels.

. pin = [0){0[ ® [+){+] v=1

0.2 04 0.6 0.8
T

A,, A,: Quantum channels thermalizing to distinct temperatures.

State preparation

CONCLUSIONS

Dimension of input probe for sensing 2 temperatures
4 4 4 4 8 9 6 16 8

* MZI can be used for the task of estimating 2 temperatures, with 2 qubits

Measurement &
Estimation as a probe. However, the bounds are susceptible to ©.
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Setups based on quantum switch, and other quantum processes are also
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useful for this task.

Parallel scheme with simultaneous measurement of two temperatures

using two independent probes usually outperforms all the others setups.

State preparation _ _ _ o _ ) l
* However, If the dimension of the probe Is increased, a quantum switch
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might outperform the parallel scheme. 0- 1
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