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Thermodynamics in quantum circuits
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Bolometry and calorimetry
Measurement of temperature by a (fast) thermometer


T

TIME

TE
M

PE
R

A
TU

R
E

TIME

D. McCammon et al.,
1984
Single x-ray photon
detection E = 6 keV

Our goal:
Single microwave photon
detection E = 100 eV
(108 times smaller energy!)
Energy resolution:
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Electrical conductance in a
ballistic contact:

Thermal conductance:
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Thermal conductance in quantum limit
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Experiments:
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Heat rectification
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Heat rectifier experiment



Flux tunable on-chip microwave diode

Theory

Experimental observationConceptual representation Measured device

Micrograph of the device
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Quantum Otto refrigerator
capacitive coupling inductive coupling
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RF thermometry
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ZBA thermometry
RF measurement
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054048 (2018).
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Low frequency noise: Non-zero frequencies (classical):
Fluctuation-dissipation theorem for heat current

Noise of heat current and equilibrium
temperature fluctuations
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Noise of the calorimeter

𝐍𝐄𝐓 ≡ 𝑺𝐓(𝟎)

Detector noise bounded from below by effective
temperature fluctuations of the absorber coupled
to the bath.
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Bayan Karimi et al., Nat. Commun. 11, 367 (2020).
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Does temperature fluctuate in a canonical system?

We convert energy
fluctuations to (effective)
temperature fluctuations,
which are measurable by
a thermometer.

The most basic (but realistic) example: Qubit coupled to a heat bath
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Qubit does not have temperature,
but bath has constant T.

We may write                                . Due to

energy fluctuations, 𝜌𝑒𝑒 fluctuates and
𝑇𝑒𝑓𝑓 fluctuates accordingly, but 𝑇 is
constant.
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