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Calorimeter is a device used to measure the quantity of 
heat transferred to or from an object.

E T

T=E/C

T

t

 = C/GC = heat capacity

G = Thermal conductance

NEP : thermal fluctuation noise (4kBT 2 G)1/2 W/Hz1/2

ΔE = NEP  B1/2 ~ (kBT 2 C B)1/2 J

sensors performance best at low temperatures

For T=0.1 K , C = 1 pJ/K , B = 1 Hz    ΔE=2 eV
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TES: a microcalorimeter made by a superconducting film 
operated in the temperature region between the 
normal and the superconducting state

Ti/Au Bilayer – proximity effect

• TESs are very sensitive:
 temperature control difficult


Voltage biasing and electrothermal feedback

• TESs have low resistance:
 difficult readout


dc-SQUID amplifier
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Bias: very easy  &  response time reduced

T   R   Pe=V2/R   T 



Voltage bias and thermal bath < Tc

T   R   Pe=V2/R   T 

Tc
T

R

Irwin K. D. , Appl. Phys. Lett. 66 1998 (1995)
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Photon source



"Classical" Single photon
detector

Energy resolving or
Photon number resolving (PNR)

detector

(Photomultiplier, APD, SPAD…)
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Ibias
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TTc ~ 100 mK 

R

Workig Point

Ites

20 µm X 20 µm



Kick-off PTOLEMY Project 11-12/12/17 LNGS - M.Rajteri :  TES

T R  @  Voltage bias   I
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T

T R  @  Voltage bias   I

Tc ~ 100 mK 

R
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Working Point

Rbias<< Rtes

Ites

20 µm X 20 µm
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Trade-off between response time and energy resolution

Effective response time

Energy resolution2/3
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Trade-off between energy resolution and saturation energy

Transition sharpness
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• Sputtering Nb/Al 
technology

•

• UHV system Ti, MgB2, Nb

• E-beam evaporator Ti/Au, 
AuPd, SiOx, etc 

• Optical litography, RIE, ion 
milling for thin film pattern

• Wedge Bonder system
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Optical 
fiber

ITES

Electronics 
& data 

aquisition

INRIM: TES 
module SQUID current 

sensors (PTB)

Laser

Attenuator



Kick-off PTOLEMY Project 11-12/12/17 LNGS - M.Rajteri :  TES

Tmin=30 mK - Hold time @ T=50mK : 39 h  - Hold time @ T=100mK : >150 h
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L. Lolli, et al. J. Low Temp. Phys., vol. 167, pp. 803-808, 2012.

20X20 μm2

=1570 nm

E=23 eV
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eff = 3.8 s

E = (0.113 ± 0.001) eV





12

12ln22
xx

E
E




With Wiener filter
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ΔΕFWHM= 0.12 eV
@ 1545nmetf = 147ns

1 m × 1 m

C. Portesi et al, IEEE Trans App Supercond, 25, 3, (2015)
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Reflectance < 2%
@ 1310 &1550 nm

QE is limited by
 

Film reflectance  (50 %)              optical coupling
Antireflection coating 

(2.7 m of multilayers (Ta2O5/SiO2) 
(in collaboration with Thin Film Laboratory, ENEA )

 For TESs  5 µm x 5 µm 
QE>90% demonstrated 
(NIST, AIST)

 For TESs < 1 µm x 1 µm 
expected QEmax~10% with 
small core fibers
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Linear Detection Model

G. Brida et al, New Journal of Physics 14 (2012) 085001

Source Emission Statistics

W. Schmunk et al, Metrologia 49 (2012) S156-S160
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1X1µm Ti TES: 39 counts/13h  8X10-4 Hz
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TES 36 µm x 33 µmTES 36 µm x 33 µm
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TES  one of the best calorimeter
from NIR to X-ray 

•NIR-UV E=0.1-0.2 eV

•X-ray E=0.8 eV @ 1.5 KeV
E=1.6 eV @ 5.9 KeV

• Imaging  array (next talk)

• Possibility to improve performances: 
yes (but remember trade-offs)
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