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Origins of thermal radition detectors

Clarcke et al. 1977
NEP  10-13 – 10-12 W/Hz
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Single particle detection with thermal detector 
in1949: a technique incredibly similar to the 
present TES detectors

Origins of thermal  radition detectors
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Origins of thermal radiation detectors



F.Gatti - University and INFN of Genova                   EASIS School 3 - Genoa - September 30, 2020

How superconducting TES based detector works. 

High quality film with “steep” superconducting to normal transition is needed


TES  films are usually in the dirty limit: coher. lenght ξ~1 μm , electron mean free path L~ 10 -100 nm (almost a 2D 
system)


G-L parameter  kGL ~ 0.7 λL/L(t), where t is the  film thickness.


kGL   moves over the full range of the G-L value for Type I and Type II supercondutcors  depending on the tickness 
t used for specific apllication.


In  both cases a finite transition width is expected (and obsevated), even if the phenomena underlying the TES 
operation with current bias are different and complex to be fully exploited in precision models. 
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The listed pure elements have only few Tc, but the actual detetctor must worrk at a temperature that is 
the best compromise among input power, overall noise and  best operating temperrature of the cooler: 
Tc must be adjusted !


A first method is the proximization effect in multilayer structure Superconductind Metal - Normal 
Metal. Usadel Theory is often used (K.D. Usadel, Phys. Rev. Lett. 25, 507 (1970)). 


d, film tickness; n,  electron density at Fermi level;  0< t <1,  electron interface transmission; Tco, 
superconductor transition temperature; λf , Fermi wavelenght.  


. 

How superconducting TES based detector works. 

Ir-Au
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How superconducting TES based detector works. 
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• Τhe thermal detector has a weak link the the thermal bath for rerstoring the initial conditions 

• The effect of a thermal link is easily described within the first principle of thermodinamics in 
the approximation of small signal: 

• Combining electrical and tharmal equations, and moving in frequency domaιν, it can be seen 
that  the “responsivity parameter” S(ω) - approximation of the classical responsivity  dI/dP- 
mixes termal and electric parameters ( the following holds for large LG,  much grater than 1)

How superconducting TES based detector works. 

Picture from D. Mc Cammom

log |S|

log ω
Lg/τ
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• Finally the redout circuit must matches the source impedance (very small respect to the one require 
by standard electronics) and the detector noise

• A DC SQuiD  in the configurartion of  trans-impedance amplifier is the best choice in almost all 
cases.

How superconducting TES based detector works. 

see M. Kiviranta’s lecture tomorrow
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• Statistical thermodinamics gives the energy fluctuation of 
the body C at equilibrium with the bath

• A simple argument can help in remembering the finale 
formula

• Suppose the body have a number n of phonons with 
thermal energy  kT 

• They move randomly amomg the ling G ginving  statistic 
fluctuations

How superconducting TES based detector works. 

CG

Tb (bath)

• The fluctuations are produced by a noise power flow over the thermal link G, and the power in a unit bandwidth 
at frequency ω 

• If we assume that the power spectrum is  “shot-noise-like”, the noise is  independent of frequency,
• This can be integrated over all frequencies to give the total energy fluctuation, which requires the spectral 

density : 
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How superconducting TES based detector works. 
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TES detector configurations

Anti coincidence Xray  
Space Telescope ATHENA

Re-Crystal TES microcalorimeter 
 for Re-187 beta decay 

Presently changed to gold 
absorber  for Ho-163  

(ERC- HOLMES)

Simple Ir TES on suspended 
membrane
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Soft X-ray Photon

Courtesy of S.Bandler GSFC NASA 
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Courtesy of S.Bandler GSFC NASA 

Soft X-ray Photon
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High Energy Photons

B.L. Zink egal APPLIED PHYSICS LETRS 89, 124101 2006 
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Soft x-ray Photon Resolution

Standard RT/100K semicon. detetctor



F.Gatti - University and INFN of Genova                   EASIS School 3 - Genoa - September 30, 2020

Blue Light TES SPD
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1550 nm TES SPD
M.Rajteri et , INRIM Torino



F.Gatti - University and INFN of Genova                   EASIS School 3 - Genoa - September 30, 2020

Antenna Coupled TES
• Wide Band Antenna Coupled TES Bolometer 

A. Lee, UCB, “Workshop CMB from Space” 
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Microwave Antenna Coupled Bolometer

A. Lee, UCB, “Workshop CMB from Space” 
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Large Array
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The NEP Challenge

BLIP – CMB Space

BLIP – CMB Space

BLIP – CMB Ground



Dark Matter
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If  DM is composed by relic particle: 
WIMP
• Neutralino LSP produce naturally cosmological WIMP density 
• Annihilation σ → relic density → WIMP density (ΩDM) 
• Scattering σ on proton → prediction for direct detection 
• 10-8 pb is experimentally at hand, and a very significant goal for direct detection 

 
Test of cosmologicaly + SUSY motivated “Focus Point” region 
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DM experiments
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A-thermal phonon detection
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CDMS
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Precision Experiment: QCD Test
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QCD tests
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QCD tests



QCD tests: need high E resolution
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QCD tests: need high E resolution



QED tests
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Uranium exp. at GSI
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Flavio Gatti, INFN & University of Genova

Searching for the Neutrino Mass: The Pioneering Experiment 
MANU
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1.Testing Neutrino Absolute Mass scale with 
in Laboratory with  Beta decaying nucleai 

2. Use of Direct Calorimetric Methods to 
overcome the artefacts of beta 
spectrometers

Effect of neutrino mass 
to the beta cpectrum

Picture: A.Nucciotti
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Searching for the Neutrino Mass: The Pioneering Experiment 
MANU
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OTES

               TES-Re detector

Re

TES

Metal contact 

Re-crystal on epoxy-post / Ir-TES / 
SiN-membrane

Re crystal

Al leads 
for TES

Improved Rhenium detector with Superconducting TES 
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Searching for the Neutrino Mass: The Pioneering Experiment 
MANU
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RRe-187 beta spectrum Monitoring Mn K line
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Searching for the Neutrino Mass: The Pioneering Experiment 
MANU
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Beta Environmental Fine structure(BEFS) 
Residuals from  theo. beta spectrum Oscillatory pattern of the Beta Spectrum 

F.Gatti, Nature 1999 
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Searching for the Neutrino : Experiment HOLMES
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163Ho + e-          163Dy* + νe      electron capture decay 
(A. De Rujula and M.Lusignoli, Phys. Lett. 9 (1982) 

• First calorimetric measurement of 163Ho endpoint energy: 
Q = 2.80 ± 0.05 keV (F. Gatti, et al, Physics Letters B, 
1997) with Ho-oxide embedded in Sn absorber  
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Searching for the Neutrino : Experiment HOLMES
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Searching for the Neutrino : Experiment HOLMES
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Searching for the Neutrino : Experiment HOLMES
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Searching for the Neutrino : Experiment HOLMES
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Searching for the Relic Neutrino : Experiment Ptolemy
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!"# + %& → !( + ()
#

Capture of relic neutrinos on decaying tritium beta decay:

PTOLEMY 
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Searching for the Relic Neutrino : Experiment Ptolemy
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PTOLEMY conceptual design
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Searching for the Relic Neutrino : Experiment Ptolemy

58

TES as electron detector with sub-eV energy resolution

L. Lolli, et al. J. Low Temp. Phys., vol. 167, pp. 
803-808, 2012.

D. Bagliani et al. J. Low. Temp. Phys.
151: 234–238 (2008)
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LSPE: Large Scale Polarization Explor 
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LSPE: Large Scale Polarization Explor 
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T~MeV 
t ~ sec

Netrinos in equilibrium  
via wek interactions

Free streaming of 
Realivistic neutrinos 

with same equilibrium 
spectrum 

Today at least 
two species 
ere Not Rel.



Flavio Gatti, INFN & University of Genova

LSPE: Large Scale Polarization Explor 
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LSPE: Large Scale Polarization Explor 
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LSPE: Large Scale Polarization Explor 
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10 mm

SW  lateral TES type 
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LSPE: Large Scale Polarization Explor 
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Preliminary results of SW#131 DC Tests
• Bolo SW#131 stesso bacth del SW#128 in Test a Roma1 
• Montato su Backshort da 250 GHz e “chiuso” con lastrina di 

rame. Il tutto è montato sulla MixChamber. 
• Curve IV con SQUID - VTT J3, elettronica Magnicon, 

Rshunt=7.34 mOhm 
• Tc ≃750 mK ( da verificare calibrazione termometro a 0.7-0.8K) 
• Grafici: set parziale curve I-V, esempio di G vs V 
• stima preliminare NEP= 4÷6 x 10-17  W/Hz-0.5 
• Misure dirette di NEP appena disponibile LHe (prossima 

settimana)

Electronics SQUID VTT J3

G 3-6 x 10-11 W/K

Rn 1-2 Ω

NEP 2-5 x 10 -17 W/Hz0.5

T 0.35 -0.55 K

Bolometer IV curves G vs V bias SW  central TES type 
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ATHENA : the Advanced Telescope for High ENergy Astrophysics
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ATHENA : the Advanced Telescope for High ENergy Astrophysics

Ke y que s t i o ns  fo r  o bse rvat i o nal  
as t ro phys i c s  i n  2028

67

Pointecouteau, Reiprich et al., 2013 arXiv1306.2319

Extended X-ray sources

Oppenheimer et al. 2009
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ATHENA : the Advanced Telescope for High ENergy Astrophysics
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Key questions for observational astrophysics in 2028 
When and how were the largest baryon reservoirs in galaxy clusters chemically 

enriched? 
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ATHENA : the Advanced Telescope for High ENergy Astrophysics
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Key questions for observational astrophysics in 2028 
How do black holes launch winds and outflows?  

How much energy do they carry out to larger scales? 

Cappi, Done et al., 2013 arXiv1306.2330 
Dovciak, Matt et al., 2013 arXiv1306.2331
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ATHENA : the Advanced Telescope for High ENergy Astrophysics

70



Flavio Gatti, INFN & University of Genova

ATHENA : the Advanced Telescope for High ENergy Astrophysics
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FWHM=1.81	± 0.10	eV
Counts	=	7,729
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ATHENA : the Advanced Telescope for High ENergy Astrophysics
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S. Lotti - IAPS-INAF

S. Lotti - IAPS-INAF
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ATHENA : the Advanced Telescope for High ENergy Astrophysics
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Microscopic Detection Mechanism

1. Hot spot along the particle track
2. Quasi-diffusive heat transport
4. Efficient collection of fast A-thermal signal needs large TES coverage   
5. Possible Upgrade with Phonon Collectors for larger signal uniformity 

2D plot of the integrated heat flux (arbitrary unit) at the surface (pixel size=200 μm
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ATHENA : the Advanced Telescope for High ENergy Astrophysics
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ATHENA : the Advanced Telescope for High ENergy Astrophysics
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Time	[s]

A	20	keV	threshold	 is	roughly 
evaluated consistent	with	our	

requirements	 .

Athermal

Thermal

D.Corsini, M. Biasotti, F.Gatti - Uni. Genova 
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ATHENA : the Advanced Telescope for High ENergy Astrophysics
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ATHENA : the Advanced Telescope for High ENergy Astrophysics
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Summary
! TES is almost well know physical system presntly used in many radiation detectors,  
! Nevertheless, fine physiscal effetcts (related to the superconductivity phenomena) are 

not fully clarified and need proper investigations. 
! TES based Low T detectors offer a wide spectrum of new instruments for nuclear and 

particle physics, IR-UV, X-ray to gammas, microwave and THz 
! Single particle/fhoton detection with VERY HIGH ENERGY RESOLUTION  
! Possibility to built detector with a large variety of materials and with not “usual” 

geometry. 
! New Sup. Electronics (SQuID Mux - M. Kiviranta talk tomorrow) allows deploying large 

arrays of detetctors:  O(104)  bolometers  and O(103) micro-calorimeters 
! Large TES-based instruments are under design for space telscopes for X-ray 

Astrophysics (ATHENA-ESA) and CMB (LiteBird-JAXA) 
! Limitations of the cryogenics and of the MUX readout complexity are presently an 

affordable difficulty thanks to the huge developments in these last 10 years. 
! Firts commercial LTD - EDXS systems proposed by private industries 

! Suggested references: Cryogenic Particle Detection, Ed C. Enss, Springer, Handbook 
of applied Superconductivity. P Seidel, Wiley.


