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TES recap
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TES: a microcalorimeter made by a superconducting
film operated in the temperature region
between normal and superconducting state
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TES for PTOLEMY
. Detection idea:

Massive neutrinos and neutrino capture on beta decaying nuclei

A.G.Cocco, G.Mangano and M.Messina JCAP 06(2007) 015
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TES for PTOLEMY

< Goal for electron resolution & AE, = 0.05 eV @10 eV
< TESs for UV/NIR good candidate to detect also electrons

< First charaterization will be done with optical photons
10 eV @1550 nm ~ 13 photons
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TES starting point @ INRIM

Toro3 (10 pmx10 pm) A=1570nm
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TES: Performances

[
¢ .
AEpyyy = 2.36 4chz ; In /2 TB/Z Energy resolution
\
To reduce AE we can work on:

T . &material, bilayer (proximity effect), annealing
C & material, volume (area & thickness), T

a = deposition, edges, wiring material

PTOLEMY meeting Princeton 6-8/11/23 TES development update M. Rajteri

NRIM

I.'LH(L

1GICA



Film thickness reduction

Yy [ Au Film thickness constant vs Ti }

Tc vs Ti Thickness (Au=27 nm)
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Film thickness reduction

SiN, 500 nm

INRIM

SiN, 500 nm

Thermal bath
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TiAu Litol

9
4 wire measurement, | = 100 nA
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Lito2 T20 Best energy resolution

4 wire measurement, I =100 nA
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TiAu_101120_lito2_Cb_T20
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Simulation results
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Proximity effect: wiring & TES size
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Ridder, M. L., et al. JLTP 199 (2020): 962-967.
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Sample annealed & Ti wiring
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Sample annealed & Ti wiring
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Sample annealed & Ti wiring
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How to improve ?
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TES: W, L, ring, wiring effects

TESs: Ti(15 nm)Au(30 nm)

32 TES with const. W= 100 um
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= == O W
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TES: W, L, ring, wiring effects
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L, ring, wiring effects
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ring, wiring effects
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TES: L, ring, wiring effects
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AT (mK)

TES: L, ring, wiring effects
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TES: W, ring, wiring effects
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TES: W, ring,

wiring effects
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Conclusion

24

. v PTOLEMY requirements for electron detection are very demanding
AE=0.05eV @10eV (FWHM orc ?)

Way to reduce the energy resolution:

v Thickness reductions: Best results up to now &
AE, =114 meV(c =48 meV) (@ Tc~90 mK T20

v Annealing. Reduction of Tc and sharp transition &

v Wiring material: Nb and Ti tested, Ti S not suitable to obtain excellent energy

resolution
v L, W and ring: L strong effect, W and rings small effects, analysis to be completed
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Next steps

25

v Wiring material: test with Al and V
v L, W and ring: to be completed

v Design and fabricate 100 pm x 100 pum TES with a
ground plane around it
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Next steps

26

v Wiring material: test with Al and V
v L, W and ring: to be completed

v Design and fabricate 100 pm x 100 pum TES with a
ground plane around it

v Mount the o
CNT e-gun.... 'NR'M
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Next steps

27

v Wiring material: test with Al and V
v L, W and ring: to be completed

v Design and fabricate 100 pm x 100 pm TES with a
ground plane around it

v Mount the
CNT e-gun....and R
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