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Measuring heat and radiation quanta by thermometry
Measurement of temperature and its noise by a fast thermometer

<Q>/Gth<DT>=
.

Energy resolution:

                                              ideally

Single quantum detection (calorimetry): electrons, photons
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Heat bath at Tph, 

(typically) phonons

Separation of time scales: tee < 10-9 s, tep > 10-6 s

Generic thermal model of an electronic conductor

Temperature of the 

(electron) system given by 

the distribution:



NIS-thermometry

Probes electron temperature of N electrode (and not of S!) 

Phys. Rev. Appl. 4, 034001 (2015).



Heat through a single-electron transistor – 

deviation from Wiedemann-Franz law

B. Dutta et al., PRL 119, 

077701 (2017)
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Quantum thermodynamics with superconducting 

qubits and resonators (cQTD)

Classical 

evolution

Quantum 

evolution
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Stochastic thermodynamics of a 

driven qubit

Quantum jumps/trajectories

Hekking and JP, PRL 111, 093602 

(2013); 

Horowitz and Parrondo, NJP 15, 

085028 (2013)

Direct dispersive measurements of a qubit: N. Cottet,..., B. Huard, arXiv:1702.05161



Quantum heat valve
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Alberto Ronzani, Bayan Karimi, Jorden Senior, Yu-Cheng 

Chang, ChiiDong Chen, Joonas T. Peltonen, and JP, 

Nature Physics  14, 991 (2018).

B. Karimi, J. Pekola, M. 

Campisi, and R. Fazio, 

Quantum Science and 

Technology 2, 044007 (2017).



Theory vs experiment: low-Q regime

gQ << 1, ”non-Hamiltonian” model works

Cooling at distance 

of 4 mm by mw 

photons

Q = 3

RH

g’  Q-1 g g g’  Q-1

RC

Resonator   SQUID               Resonator



Theory vs experiment: intermediate-Q regime 

RH

g’  Q-1 g’  Q-1

RC

Resonator   SQUID            Resonator

gQ ~ 1, ”quasi-Hamiltonian” model works

Q = 20

g g



Fast NIS thermometry on electrons
Read-out at 600 MHz of a NIS 

junction, 10 MHz bandwidth
S. Gasparinetti et al., 

Phys. Rev. Applied 3, 014007 (2015).

Proof of concept: D. Schmidt et al., 

Appl. Phys. Lett. 83, 1002 (2003).
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ZBA based thermometry
non-invasive, operates at low temperature

B. Karimi and JP, Phys. Rev. Applied 10, 

054048 (2018) 
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Proximity NIS junction

See also, O.-P. Saira et al., Phys. Rev. Appl. 6, 024005 

(2016); J. Govenius et al., PRL 117, 030802 (2016)
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Time-resolved measurements by fast 

thermometer

Tbath

C,T

Gth

K. Viisanen and JP, PRB 97, 

115422 (2018) 



Noise of electrical current                 , i.e. Johnson-Nyquist noise

Fluctuation-dissipation theorem for heat current

    

Noise of heat current and 

equilibrium temperature 

fluctuations

Low frequency noise:       Finite frequencies (classical):



Temperature fluctuations

electrons

phonon bath

In this grain,                 is 

expected to be of the order of 

1 mK at 100 mK, fC = 10 kHz.

C, TC, dT
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Preliminary results on temperature fluctuations

Equilibrium noise

B. Karimi et al., in preparation

Thermometer
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Non-equilirium temperature noise

Vinj

60  

Theory: F. Brange, P. Samuelsson, B. Karimi, and JP, PRB 98, 205414 (2018) 

Thermometer

Non-equilibrium noise

B. Karimi et al., in preparation
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Typical parameters 

Operating temperature: 

T = 0.03...0.1 K

Photon energy:

E/kB = 0.3...1 K

Heat capacity of absorber:

C = 300...1000kB

DT  ~ 1...3 mK, t ~ 0.01...1 ms

Ideally 

Towards calorimetry for measuring mw 

photons

E

photon source

“artificial atom”

absorber

temperature

readout electronics

Gth

Note: Energy resolution needs to be about 108 better than for typical X-ray calorimeters

D. McCammon 

et al., 1984

Single x-ray 

photon 

detection E = 6 

keV



Requirements for single microwave photon detection

Standard copper absorber

Lines:

Green dashed one: current amplifier limited noise

Black: fundamental temperature fluctuations

Blue: threshold for detecting a single 1 K (100 eV) microwave photon

Red: threshold for detecting a single 2.5 K quantum

Detector noise bounded from below by effective 

temperature fluctuations of the absorber coupled 

to the bath.

Noise-equivalent temperature, NET

B. Karimi and JP, Phys. Rev. Applied 10, 

054048 (2018) 



Summary

Discussed: 

Thermometry and calorimetry on low-T nanostructures

Potential for detecting < 10 GHz quanta

 



Requirements for single microwave photon detection

Standard copper absorber


