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Cold-Electron Bolometers for Radio Astronomy

Tunnel SIN junctions perform 4 functions: 
1) capacitive AC connection, 2) thermal isolation, 3) thermometry 
4) electron cooling (instead of artificial heating for TES). 
Advantages: background limited; record cosmic rays immunity.

τe-e=0.1 ns τtn=10 ns

τe-ph=1 μs
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Current-voltage characteristics of CEB 
at various black-body temperatures.



5 https://www.nature.com/articles/s42005-019-0206-9

Many antenna – many absorber receiving system
for a high power load



T.L.R. Brien, P.A.R. Ade, P.S. Barry, C.J. 
Dunscombe, D.R. Leadley, D.V. Morozov, M. 
Myronov, E.H.C. Parker, M.J. Prest, M. Prunnila, 
R.V. Sudiwala, T.E. Whall, P. D. Mauskopf, J. Low. 
Temp. Phys. 184, 231–237 (2016)

L.S. Kuzmin, A.L. Pankratov, A.V. Gordeeva, 
V.O. Zbrozhek, V.A. Shamporov, L.S. Revin,
A.V. Blagodatkin, S. Masi, P. de Bernardis, 
Communications Physics,  2, 104 (2019).

with f=350 GHz, δf=33 GHz, P0 – accepted power of a signal. 

Ultimate sensitivity – background limited operation: 
photon noise contribution is dominating
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P.J. de Visser, J.J.A Baselmans, J. Bueno, 
N. Llombart & T.M. Klapwijk, 
DOI: 10.1038/ncomms4130

Ultimate sensitivity – background limited operation: 
photon noise contribution is dominating

with f=350 GHz, δf=33 GHz, P0 – accepted power of a signal. 
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B. J. van Wees, P. de Vries, P. Magnee, T. M. Klapwijk, Phys. Rev. Lett., 69, 510 (1992).

Effect of Andreev current (overheating)

 H. Courtois, H. Q. Nguyen, C. B. Winkelmann, J. P. Pekola, Comp. Ren. Phys. 17, 1139 
(2016).



9

Suppression of Andreev 
current
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Design 1 - Design 2 - Design 3

Record electron cooling from 300 to 65 mK!
And from 256 to 48 mK, by a factor of 5.3!

A.V. Gordeeva, A.L. Pankratov, et al, Scientific Reports, 10, 21961 (2020)
https://www.nature.com/articles/s41598-020-78869-z
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Record electron cooling to improve sensitivity

Record electron cooling 
from 300 to 65 mK!
And from 256 to 48 mK, 
by a factor of 5.3!

https://www.nature.com/articles/s41598-020-78869-z
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Record electron cooling by a factor of 6, from 200 to 33 mK!

S. A. Lemziakov, B. Karimi, S. Nakamura,     
D. S. Lvov, R. Upadhyay, C. D. Satrya,  Z. Y. ‑
Chen, D. Subero, Y. C. Chang, L. B. Wang,     ‑
J. P. Pekola, Journal of Low Temperature 
Physics 217, 54–81 (2024).

Fig. 4 Advances in the cooling power (a) and 
the lowest temperature (b) in the electron 
cooling with NIS junctions. … 
F — Pimanov et al. [42]

[42] D.A. Pimanov, V.A. Frost, A.V. Blagodatkin, A.V. Gordeeva, 
A.L. Pankratov, L.S. Kuzmin, Beilstein J. Nanotechnol. 13, 896–901 (2022).

Record electron cooling to improve sensitivity



Cosmic rays – dramatic problem! 

Cosmic Ray tests of CEB in Rome:- 137Cs source (660 keV photons) 
-  in front of the window

- No single glitch was detected!

CEB for LSPE 
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Double protection against Cosmic Rays
by extremly smalll volume of absorber and 

decoupling of electron and phonon systems!

Absorber

Expectation time for 
a single glitch – 40 days!

S=5mm2

h=2 mm

Filling factor- 5%

Planck HF Insrument 

M. Salatino, P. de Bernardis, L. Kuzmin, S. Mahashabde, S. Masi, J. of Low Temperature Physics (2014).
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Transfer of technologies to Nizhny Novgorod 
Transfer of technologies for creating 
superconducting tunnel junction nanostructures 
from Chalmers University of Technology is 
underway. Using the technological base of the 
Center for Collective Use of the IPM RAS and the 
Center for Quantum Technologies of the Nizhny 
Novgorod State Technical University, the first test 
structures of superconductor-insulator-normal 
metal contacts were fabricated.

Absorber

Using electron- and photo- 
lithographies, as well as the shadow 
evaporation technique, the first 
Nizhny Novgorod structures with 
superconductor-insulator-normal 
metal tunnel junctions were 
fabricated. Top – SEM image of the 
structure with an absorber width of 
150 nm, left – IVC of the structure 
measured in a dilution cryostat at 
temperatures from 50 to 300 mK.
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Broadband metamaterial receiver for 150-450 GHz 
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Broadband metamaterial receiver for 150-450 GHz 
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Using Hf sub-layer for electrons and phonons decoupling 
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High sensitivity of a bolometer due
to electron cooling and low leakage 
current due to Hf sub-layer.

Sensitivity is restricted by amplifier noise!!!

CEB NEP ~                     at 300 mK 
 

SUST, 2025

Using Hf sub-layer for electrons and phonons decoupling 
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Using YBCO Josephson oscillators
for bolometer characterization 
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Photon noise from black body source
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Giant photon noise from YBCO oscillator
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Giant photon noise from YBCO oscillator

??? 
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Giant photon noise from YBCO oscillator



Principle of operation of SIS SPD for axion search
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SIS tunnel junction is a type of Josephson junction with 
low damping, having hysteretic current-voltage characteristic.

It is used as threshold detector – the single photon counter
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Counting photons by large statistics in IR range

G. N. Gol’tsman, O. Okunev, G. Chulkova, A. Lipatov, A. Semenov, K. Smirnov, B. Voronov, 
and A. Dzardanov, Appl. Phys. Lett., 79, 705 (2001).

Detection of 140 THz photons at 4 К 
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Quantization of switching probability
using 1st sample, fabricated in Nizhny Novgorod 



30

Detection of thermal photons from a cavity

https://www.nature.com/articles/s41467-025-56040-4 

https://www.nature.com/articles/s41467-025-56040-4
https://www.nature.com/articles/s41467-025-56040-4
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Calibration of cavity temperature by SQUID
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Time intervals between switches + cavity
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Determining detection efficiency

https://www.nature.com/articles/s41467-025-56040-4 

https://www.nature.com/articles/s41467-025-56040-4
https://www.nature.com/articles/s41467-025-56040-4
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Detection efficiency reaches 45 % - enough for axion search! 

Determining detection efficiency

https://www.nature.com/articles/s41467-025-56040-4 

https://www.nature.com/articles/s41467-025-56040-4
https://www.nature.com/articles/s41467-025-56040-4
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Change of Poisson statistics

Change of Poisson statistics 
– confirmation of thermal photons! 

M. Fox, Quantum Optics: An 
Introduction
Vol. 15 of Oxford Master Series in Physics
(Oxford University Press, 2006)

Calculating the ratio of the mean τ to 
the standard deviation σ –   basic test 
of Poisson statistics 
τ/σ<1 – super-Poisson distribution. 

https://www.nature.com/articles/s41467-025-56040-4 

https://www.nature.com/articles/s41467-025-56040-4
https://www.nature.com/articles/s41467-025-56040-4
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Change of Poisson statistics
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Change of Poisson statistics

[47] I. I. Yusipov, O. S. Vershinina, S. V. Denisov, M. V. Ivanchenko, Chaos 30, 023107 (2020).

a) Numerically computed distributions according to [47]. b) Measured switching time distribution 
(blue dots) of thermal photons from a cavity representing super-Poissonian distribution, fitted 
with exponent (red dashed curve) and t-α dependence.
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Thank you for 
attention! 
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