Thermometry and nano-calorimetry at very
low temperatures
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1. Heat in circuits
2. Thermometry
3. Nano-calorimetry limited by temperature fluctuations
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Measuring heat and radiation quanta by thermometry

Measurement of temperature and its noise by a fast thermometer
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Generic thermal model of an electronic conductor
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NIS-thermometry
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Probes electron temperature of N electrode (and not of S!)
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Heat through a single-electron transistor —
deviation from Wiedemann-Franz law

L/L 0

Vth NININ SET:
Clean contact Tunnel contact
Sample A (164 k2) Sample B (52 k)
1 < {1
260 o % 3 ]
; 251 % ’l‘ﬁ\ .'-‘\-.‘ ,I 0.8 %210.8
% VoY g ‘3 3
. ..' :'.j. ,:‘;a {O 0.6 . . »40.6
Ezw . EZ‘SO ¥ < 04 304
s [ R s z 0.2 0.2
Iser VSET ., L -
‘ S, . . — T - - -__L T8 . : § : : 0 J 0
; : : s B : 14
=] { F P .
- e .
Heater & Thermometer = SIN junctions (Al — AlOx — Cu) = Vn 110 " Y ; % - 3 . 13
Vg , . NS Wy T

_ 120 150 190 230 1 0 1 2 2 |l!! L 2

E Vcool (V) ng 1 | 11

0

Island

0
B. Dutta et al., PRL 119, - n o n

. QSET 077701 (2017)
Qe ph

olo



Quantum thermodynamics with superconducting
qgubits and resonators (cQTD)
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Direct dispersive measurements of a qubit: N. Cottet

Stochastic thermodynamics of a
driven qubit
Quantum jumps/trajectories
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Theory vs experiment:
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Theory vs experiment: intermediate-Q regime
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Fast NIS thermometry on electrons
Read-out at 600 MHz of a NIS

S. Gasparinetti et al.,

junction, 10 MHz bandwidth Phys. Rev. Applied 3, 014007 (2015)
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ZBA based thermometry

non-invasive, operates at low temperature
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See also, O.-P. Saira et al., Phys. Rev. Appl. 6, 024005
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Time-resolved measurements by fast

thermometer
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Noise of heat current and
equilibrium temperature _
fluctuations

Noise of electrical curre S;(0) = 2kpT'G .e. Johnson-Nyquist noise (61%) = AkgTGAf

Fluctuation-dissipation theorem for heat current

Low frequency noise: Finite frequencies (classical):
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Temperature fluctuations

electrons

Gth

phonon bath

In this grain, AT)«T) is
To expected to be of the order of
1 mK at 100 mK, f, = 10 kHz.
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Preliminary results on temperature fluctuations

Thermometer
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Non-equilirium temperature noise =
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Towards calorimetry for measuring mw
photons e
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Note: Energy resolution needs to be about 108 better than for typical X-ray calorimeters




Requirements for single microwave photon detection
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Summary

Discussed:

Thermometry and calorimetry on low-T nanostructures
Potential for detecting < 10 GHz quanta
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Requirements for single microwave photon detection
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B 130  0.005 5.7 1.4 0.5 0.2 0.1
A 50 0.0025 21 30 12 1.4 0.6
A 25  0.0025 42 170 67 4.0 1.6
Opt 10 0.0005 235 8250 3300 35 14

Standard copper absorber



