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Ø reduced partial absorption shoulder
Ø FWHM improved by a factor 30 full-absorption 

peak

Setup Changes ⇒ Promising Results
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Setup Changes ⇒ Promising Results
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Ø reduced partial absorption shoulder
Ø FWHM improved by a factor 30

Joule power remains constant 

Ø no more heating of the setup → fixed 
     working point for all electron energies full-absorption 

peak
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4
Ø compatible energy resolution between 

photons and electrons
Ø optical calibration will be performed soon 

to compare photon resolution

𝜎! ∝ 𝐴𝑟𝑒𝑎"#$

Energy Resolution Better than Expected
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4
Ø compatible energy resolution between 

photons and electrons
Ø optical calibration will be performed soon 

to compare photon resolution

expected resolution  : ~ 0.60 eV
measured resolution : ~ 0.45 eV

𝜎! ∝ 𝐴𝑟𝑒𝑎"#$

Publication signed by the 
whole collaboration (?) in 

preparation!

Energy Resolution Better than Expected



Where Are We Going?
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Problem 1: Lower the Energies
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electron nominal energy:
	 𝑬𝒆= 𝑒V&'( 	− 𝜑()* = 𝑒V&'( 	− 4.4	eV

limitation due to field emission threshold voltage

Ø energies are too high for the PTOLEMY goal of 10 eV
Ø TES saturation at ~ 100 eV electrons → we are too close



Problem 2: Undesidered Partial Absorptions
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CNTs surface ≫ TES active area

around the TES there 
are elastic scatterings, 
anelastic scatterings, 
secondary electrons...
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ideal spectrum of monochromatic electrons: 
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CNTs surface ≫ TES active area

do they justify this?

ideal spectrum of monochromatic electrons: 
one Gaussian full-absorption peak

PINHOLE to manage both problems

Problem 2: Undesidered Partial Absorptions

around the TES there 
are elastic scatterings, 
anelastic scatterings, 
secondary electrons...



SIMION to Simulate Electric Field
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Geometry of simulations:
electrons generated 
@ 0 eV on surface 

of CNTs  

GND

Vcnt

Vpin

d
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Geometry of simulations:
electrons generated 
@ 0 eV on surface 

of CNTs  

GND

Vcnt

Vpin

d

Parameters to change
Ø size of the pinhole (diameter)
Ø distances between electrodes. 
(sapphire spacers between plates)

parallel-plate capacitor geometry: 
E = V/d

→

→

𝐸+,- = (𝑉./+ − 𝑉01/)/𝑑

TES plate

TES plate
CNT plate
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ENERGY TUNABILITY 
with PINHOLE 



Pinhole Used as Decelerator
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OLD SETUP

Ø to generate field emission ∆𝐕 = −100 V @ d = 600 𝜇m; final kinetic energy of electrons is Ke = e⋅Vcnt

∆V = −100 V – 0 V = – 100 V
Ke = 100 eV 

extraction 
field

𝐸!"# ≈
$%&&	(
)&&	*+

 

𝐸 ∝ 𝑒𝑛𝑒𝑟𝑔𝑦 ∝ 𝑖,-!



Pinhole Used as Decelerator
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NEW SETUP

∆V = −100 V – 0 V = – 100 V
Ke = 100 eV 

∆V = −80 V – 20 V = – 100 V
Ke = 80 eV 

∆V = −5 V – 95 V = – 100 V
Ke = 5 eV 

extraction 
field

extraction 
field

extraction 
field

deceleration
field

deceleration
field

deceleration
field

Ø to generate field emission ∆𝐕 = −100 V @ d = 600 𝜇m; final kinetic energy of electrons is Ke = e⋅Vcnt
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NEW SETUP

∆V = −100 V – 0 V = – 100 V
Ke = 100 eV 

∆V = −80 V – 20 V = – 100 V
Ke = 80 eV 

∆V = −5 V – 95 V = – 100 V
Ke = 5 eV 

extraction 
field

extraction 
field

extraction 
field

deceleration
field

deceleration
field

deceleration
field

we can select voltages that:
✓ achieve field emission threshold 
✓ tune the electron final energy

Ø to generate field emission ∆𝐕 = −100 V @ d = 600 𝜇m; final kinetic energy of electrons is Ke = e⋅Vcnt
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ELECTRON FOCALIZATION 
on TES with PINHOLE 



Two Different Figures of Merit
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posizioni di arrivo sul piano del TES

𝑐	 =
ℎ𝑖𝑡𝑠	𝑖𝑛𝑠𝑖𝑑𝑒	𝑇𝐸𝑆

𝑡𝑜𝑡𝑎𝑙	ℎ𝑖𝑡𝑠	𝑜𝑛	𝑡ℎ𝑒	𝑀𝑖𝐶	𝑝𝑙𝑎𝑡𝑒 𝑟	 =
ℎ𝑖𝑡𝑠	𝑖𝑛𝑠𝑖𝑑𝑒	𝑇𝐸𝑆

𝑎𝑙𝑙	𝑒𝑣𝑒𝑛𝑡𝑠	𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑

pinhole plate

electrons electrons

How many electrons hit the TES out of 
the ones passing the pinhole?

How many electrons hit the TES out of 
the all the electrons generated?

TES plate

collection parameter rate parameter



Collection (%) in the Useful Energy Range

𝑐	 =
ℎ𝑖𝑡𝑠	𝑖𝑛𝑠𝑖𝑑𝑒	𝑇𝐸𝑆

𝑡𝑜𝑡𝑎𝑙	ℎ𝑖𝑡𝑠	𝑜𝑛	𝑡ℎ𝑒	𝑀𝑖𝐶	𝑝𝑙𝑎𝑡𝑒
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- 60 V

+ 140 V

GND

- 60 V

+ 40 V

GND



Collection (%) in the Useful Energy Range
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𝑐	 =
ℎ𝑖𝑡𝑠	𝑖𝑛𝑠𝑖𝑑𝑒	𝑇𝐸𝑆

𝑡𝑜𝑡𝑎𝑙	ℎ𝑖𝑡𝑠	𝑜𝑛	𝑡ℎ𝑒	𝑀𝑖𝐶	𝑝𝑙𝑎𝑡𝑒

more electrons outside 
than inside the TES

all the electrons missing the 
TES contribute to the partial 

absorptions  

70% electrons inside
30% electrons outside



How Pinhole Size Affects Collection (%)
𝑐	 =

ℎ𝑖𝑡𝑠	𝑖𝑛𝑠𝑖𝑑𝑒	𝑇𝐸𝑆
𝑡𝑜𝑡𝑎𝑙	ℎ𝑖𝑡𝑠	𝑜𝑛	𝑡ℎ𝑒	𝑀𝑖𝐶	𝑝𝑙𝑎𝑡𝑒
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in scale proportions:

∅ = 200 𝜇m 

∅ = 100 𝜇m 

∅ = 50 𝜇m 

∅ = 20 𝜇m 

60 𝜇m side TES 

(all geometries give 100% collection)
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Ø Icnt and TES counting rate 

comparison
Ø 10 times smaller CNTs: 

requirement of total 
emitted current ~ 5 fA 

    (= total rate of 30 kHz) 
Ø r parameter rescaled by 

such reference rate

95 V: minimum Vcnt to 
have signals on TES
Icnt (95 V) ~ 50 fA

𝑟	 =
ℎ𝑖𝑡𝑠	𝑖𝑛𝑠𝑖𝑑𝑒	𝑇𝐸𝑆

𝑎𝑙𝑙	𝑒𝑣𝑒𝑛𝑡𝑠	𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑
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Possible Rate of Signals on TES

worst case 
scenario
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Possible Rate of Signals on TES

worst case 
scenario

20 000 events

20 000 events @ 10 Hz → 30min of data taking



Conclusions
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Ø article in preparation signed by all collaboration (?) 
     on latest results (shown by Federico)

Ø simulations on pinhole to:
     1) lower energy of electrons → pinhole as decelerator 
     2) send electrons on TES only → pinhole stops part  ...         
.    of the electrons missing the TES

Ø ∅ = 20 𝜇m pinhole optimizes
     electron collection on TES and
     signal rate is acceptable

17

Thank you for your attention!
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Backup Slides



Some Numbers on Simulations 
A

- SIMION works more easily on cylindrical symmetry 

cnt radius

500 𝜇m

d1

100 𝜇m

1 cm

1 cm

profile view

Pinhole

top view

side view

pinhole

rcnt

4 mm

rpin

500 𝜇m1 mm

d2
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Possible Rate of Signals on TES
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same color ⇒ same geometry
same symbol ⇒ same pinhole

here we sit on one point of the 
CNTs emission curve and the 

rate change is due to different 
focalization of electrons due to 

different decelerations

here we move on the CNT 
emission curve so the rate 

change is due to field emission 
properties



C

1 spacer = 500 microns

G
eom

etries tested

shape of the curve preserved 
for the different geometries

edge of the TES

Focalization Curves of the Setups
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