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Differences from the Previous Setup

- HV

GND

cryostat

×1 sapphire 
spacer

(0.5 mm)

carbon nanotubes
copper

optical fiber

smaller TES to improve energy resolution

100 𝜇m × 100 𝜇m 60 𝜇m × 60 𝜇m

CNTs reduced to send less electrons on the shield

(gold shield to protect 

wiring and substrate

 from electron hits)

3 mm × 3 mm 

     

1 mm × 1 mm

gold wire bondings 

between shield and MiC

to facilitate thermalization

added optical fiber (not really aligned)

to calibrate the TES at lower energies

(Ephoton= 3.05 eV)
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𝜎𝑒 ∝ 𝐴𝑟𝑒𝑎𝑇𝐸𝑆 ⇒ expected 40% improvement!
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3
Stable TES Working Point

Reducing the CNTs and facilitating the thermalization, 

the TES working point does not change for different Vcnt

(area reduced of  a factor 10)
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Stable TES Working Point

december 2024paper

intersection curve-line:

TES working point 

during measurement 

for a given Vcnt 

curve: TES operating condition 

            for a given Vcnt 

line:    fixed RTES on 
           transition 

same working conditions

Reducing the CNTs and facilitating the thermalization, 

the TES working point does not change for different Vcnt

(area reduced of  a factor 10)
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What Did we Achieve?

december 202496 eV 96 eV
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AMPLITUDE

6
High-Amplitude Peak is Narrower!
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AMPLITUDE

6
High-Amplitude Peak is Narrower!

100 𝜇m × 100 𝜇m 60 𝜇m × 60 𝜇m

improved energy resolution

paperdecember 202496 eV 96 eV

𝜎𝑒 ∝ 𝐴𝑟𝑒𝑎𝑇𝐸𝑆
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Left Tail of High-Amplitude Peak is Reduced!
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AMPLITUDE

7
Left Tail of High-Amplitude Peak is Reduced!

paperdecember 202496 eV 96 eV

less electrons hitting the TES from the shield
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AMPLITUDE

8
Trigger Threshold is Known in Energy!

unknown energy of

trigger

trigger at 3 eV
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AMPLITUDE

8
Trigger Threshold is Known in Energy!

unknown energy of

trigger

trigger at 3 eV

lower energies calibration 

with photons thanks to the 

optical fiber 

3.05 eV photons

paperdecember 202496 eV 96 eV
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we are sending a lot of  photons towards the 

TES and we can see at most 2 or 3 

simultaneous photons on the TES (last time we 

calibrated the TES up to ~ 45 photons!)

Fiber could not be aligned

increasing the laser power we steadily heat the TES 
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we are sending a lot of  photons towards the 

TES and we can see at most 2 or 3 

simultaneous photons on the TES (last time we 

calibrated the TES up to ~ 45 photons!)

Fiber could not be aligned

increasing the laser power we steadily heat the TES 

3.05 eV photons

9

➢ Energy calibration up to 3 photons (~ 9 eV) where 

the TES can be considered linear in response



More Defined Peak is much Easier to Fit

𝑓 𝑥 =

𝐴 ∙ 𝑒𝑥𝑝 −
𝑥 − 𝝁 2

2𝜎𝐿
2 𝑥 < 𝜇

𝐴 ∙ 𝑒𝑥𝑝 −
𝑥 − 𝝁 2

2𝝈𝑹
2 𝑥 > 𝜇

➢ Asymmetric Gaussian fit on the high-amplitude peak
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The TES saturates in amplitudes
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The TES saturates in amplitudes

𝜎𝑒 𝐸 =
𝜎𝑟𝑖𝑔ℎ𝑡

𝜇
 𝑬𝒆

fit parameters

electron nominal energy 
𝑬𝒆 = 𝑒Vcnt  − 𝜑tes

           = 𝑒Vcnt  − 4.4 eV
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The TES saturates in amplitudes

𝜎𝑒 𝐸 =
𝜎𝑟𝑖𝑔ℎ𝑡

𝜇
 𝑬𝒆

fit parameters

electron nominal energy 
𝑬𝒆 = 𝑒Vcnt  − 𝜑tes

           = 𝑒Vcnt  − 4.4 eV

mean value of Gaussian stops increasing after Vcnt ~ 106 V 

⇒ the TES is working around its saturation energy
energy resolution evaluated from amplitude is 

unrealiable in such saturation condition
Benedetta Corcione - PTOLEMY Italian Meeting, 19.02.2025

(measured @ LASEC lab

 in Roma Tre)



Reducing the TES from 100 𝜇m × 100 𝜇m to              

60 𝜇m × 60 𝜇m, it saturates in energy at ~ 100 eV! 

Signal Charge Preferred to Amplitude
12
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Reducing the TES from 100 𝜇m × 100 𝜇m to              

60 𝜇m × 60 𝜇m, it saturates in energy at ~ 100 eV! 

TC Temperature

RN

0

normal state

RN

100 eV electron

O(100 mΩ)

working point

bigger TES
smaller TES

(saturation)

different time constants 

energy resolution studied on charge

for E > Esaturation the signal 

amplitude remains the same...

...but the charge varies 

due to wider signal shapes!

Signal Charge Preferred to Amplitude
12
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Charge has Worse Resolution than Amplitude

paper CHARGEAMPLITUDE same data of paper
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13
Charge has Worse Resolution than Amplitude

paper CHARGE

𝜎𝑒 𝐸  ≈ 1.2 eV @ 98 eV 

AMPLITUDE same data of paper

𝜎𝑒 𝐸  ≈  2.5 eV @ 98 eV
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Same Fit on Charge Distributions

𝑓 𝑥 =

𝐴 ∙ 𝑒𝑥𝑝 −
𝑥 − 𝝁 2

2𝜎𝐿
2 𝑥 < 𝜇

𝐴 ∙ 𝑒𝑥𝑝 −
𝑥 − 𝝁 2

2𝝈𝑹
2 𝑥 > 𝜇

➢ Asymmetric Gaussian fit on the high-charge peak
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Same Fit on Charge Distributions

CHARGE

Vcnt = 96 V

Vcnt = 104 V

Vcnt = 100 V

Vcnt = 109 V

𝑓 𝑥 =

𝐴 ∙ 𝑒𝑥𝑝 −
𝑥 − 𝝁 2

2𝜎𝐿
2 𝑥 < 𝜇

𝐴 ∙ 𝑒𝑥𝑝 −
𝑥 − 𝝁 2

2𝝈𝑹
2 𝑥 > 𝜇

➢ Asymmetric Gaussian fit on the high-charge peak
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increasing trend as expected

1.5 eV ≲ 𝜎𝑒
𝑐ℎ𝑎𝑟𝑔𝑒

𝐸 ≲ 2.0 eV for 92 - 106 eV Electrons
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factor 0.6  gained 
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Optimistic Conjectures on Resolution :D

CHARGE
CHARGE

𝑟𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 (december 2024)

𝑟𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 (paper data)
~ 0.6⟹

if we impose that: 

AMPLITUDE 0.6 =
𝑟𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 (december 2024)

𝑟𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 (paper)
⟹

Comparing results we found:

if we say that the paper energy resolution is 1 eV, 
we would obtain an energy resolution on amplitudes of

𝜎𝑒 𝐸  ~ 0.6 eV for 92 - 106 eV electrons 
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CHARGE
CHARGE

𝑟𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 (december 2024)

𝑟𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 (paper data)
~ 0.6⟹

if we impose that: 

AMPLITUDE 0.6 =
𝑟𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 (december 2024)

𝑟𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 (paper)
⟹

Comparing results we found:

if we say that the paper energy resolution is 1 eV, 
we would obtain an energy resolution on amplitudes of

𝜎𝑒 𝐸  ~ 0.6 eV for 92 - 106 eV electrons 

100 𝜇m × 100 𝜇m 60 𝜇m × 60 𝜇m

compatible with the expected 
energy resolution improvement
of 40%!
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Simulations on how to Improve the Setup Ongoing

these were the only pictures I had :’)

SIMION



18
Conclusions
WHAT DID WE LEARN?

Benedetta Corcione - PTOLEMY Italian Meeting, 19.02.2025



18
Conclusions

➢ Reduction of  CNTs

WHAT DID WE LEARN?

Benedetta Corcione - PTOLEMY Italian Meeting, 19.02.2025



18
Conclusions

➢ Reduction of  CNTs

TES shows stable working conditions
WHAT DID WE LEARN?

Benedetta Corcione - PTOLEMY Italian Meeting, 19.02.2025



18
Conclusions

➢ Reduction of  CNTs

TES shows stable working conditions
WHAT DID WE LEARN?

left tail of  high-energy peak much reduced

Benedetta Corcione - PTOLEMY Italian Meeting, 19.02.2025



18
Conclusions

➢ Reduction of  CNTs

➢ Reduction of  TES

100 𝜇m × 100 𝜇m 60 𝜇m × 60 𝜇m

TES shows stable working conditions
WHAT DID WE LEARN?

left tail of  high-energy peak much reduced

Benedetta Corcione - PTOLEMY Italian Meeting, 19.02.2025



18
Conclusions

➢ Reduction of  CNTs

➢ Reduction of  TES

100 𝜇m × 100 𝜇m 60 𝜇m × 60 𝜇m

TES shows stable working conditions

better energy resolution on charge 

WHAT DID WE LEARN?

left tail of  high-energy peak much reduced

Benedetta Corcione - PTOLEMY Italian Meeting, 19.02.2025



18
Conclusions

➢ Reduction of  CNTs

➢ Reduction of  TES

100 𝜇m × 100 𝜇m 60 𝜇m × 60 𝜇m

TES shows stable working conditions

better energy resolution on charge 

WHAT DID WE LEARN?

left tail of  high-energy peak much reduced

improvement of  40% as expected!

Benedetta Corcione - PTOLEMY Italian Meeting, 19.02.2025



18
Conclusions

➢ Reduction of  CNTs

➢ Reduction of  TES

100 𝜇m × 100 𝜇m 60 𝜇m × 60 𝜇m

TES shows stable working conditions

better energy resolution on charge 

WHAT DID WE LEARN?

NEXT STEPS:

left tail of  high-energy peak much reduced

improvement of  40% as expected!

Benedetta Corcione - PTOLEMY Italian Meeting, 19.02.2025



18
Conclusions

➢ Reduction of  CNTs

➢ Reduction of  TES

100 𝜇m × 100 𝜇m 60 𝜇m × 60 𝜇m

TES shows stable working conditions

better energy resolution on charge 

WHAT DID WE LEARN?

NEXT STEPS:

➢ keep reducing the CNT active area 

left tail of  high-energy peak much reduced

improvement of  40% as expected!

pinhole to stop electrons

Benedetta Corcione - PTOLEMY Italian Meeting, 19.02.2025



➢ simulations to optimize the electron collection on the TES
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➢ lower the energies not to saturate the TES

➢ simulations to optimize the electron collection on the TES
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➢ lower the energies not to saturate the TES

➢ simulations to optimize the electron collection on the TES

18
Conclusions

➢ Reduction of  CNTs

➢ Reduction of  TES

100 𝜇m × 100 𝜇m 60 𝜇m × 60 𝜇m

TES shows stable working conditions

better energy resolution on charge 

WHAT DID WE LEARN?

NEXT STEPS:

➢ keep reducing the CNT active area 

left tail of  high-energy peak much reduced

improvement of  40% as expected!

pinhole to stop electrons

decelerating plate

-5 V

+95 V

0 V

∆V = 100 V to extract electrons

∆V = - 95 V to obtain 5 eV electrons
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AMPLITUDE

A
Low Amplitude Peak not Reached Before

trigger too high to see it

?

paperdecember 2024
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AMPLITUDE

A
Low Amplitude Peak not Reached Before

trigger too high to see it~ 7 - 8 eV peak fitted with Gaussian

?

paperdecember 2024
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Optimistic Conjectures on Resolution :D

CHARGE

optimistically extrapolating the 
linear fit on the resolution:

𝜎𝑒 𝐸  ~ 50 meV for 46 eV electrons  

Benedetta Corcione - PTOLEMY Italian Meeting, 19.02.2025

factor ~ 2.3 between amp and charge of PTL4e D100
factor ~ 0.6 between PTL4e D100 and PTL4e3 B60 

B



𝐸𝑒 = 𝑒Vcnt − 𝜑cnt + 𝜑cnt − 𝜑tes  = 𝑒Vcnt  − 𝜑tes𝐸𝑒 = 𝑒Vcnt − 𝜑cnt + 𝜑cnt − 𝜑tes  = 𝑒Vcnt  − 𝜑tes

C
Workfunctions Play a Role in Electron Kinetic Energy
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𝐸𝑒 = 𝑒Vcnt − 𝜑cnt + 𝜑cnt − 𝜑tes  = 𝑒Vcnt  − 𝜑tes

C
Workfunctions Play a Role in Electron Kinetic Energy

accelerating voltage

𝐸𝑒 = 𝑒Vcnt − 𝜑cnt + 𝜑cnt − 𝜑tes  = 𝑒Vcnt  − 𝜑tes
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𝐸𝑒 = 𝑒Vcnt − 𝜑cnt + 𝜑cnt − 𝜑tes  = 𝑒Vcnt  − 𝜑tes

energy level al emission

C
Workfunctions Play a Role in Electron Kinetic Energy

accelerating voltage

𝐸𝑒 = 𝑒Vcnt − 𝜑cnt + 𝜑cnt − 𝜑tes  = 𝑒Vcnt  − 𝜑tes
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𝐸𝑒 = 𝑒Vcnt − 𝜑cnt + 𝜑cnt − 𝜑tes  = 𝑒Vcnt  − 𝜑tes𝐸𝑒 = 𝑒Vcnt − 𝜑cnt + 𝜑cnt − 𝜑tes  = 𝑒Vcnt  − 𝜑tes

energy level al emission
different vacuum levels

titolo

titol
o

C
Workfunctions Play a Role in Electron Kinetic Energy

accelerating voltage
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𝐸𝑒 = 𝑒Vcnt − 𝜑cnt + 𝜑cnt − 𝜑tes  = 𝑒Vcnt  − 𝜑tes

96 V < 𝑉𝑐𝑛𝑡 < 110 V

            91.6 eV  < 𝑬𝒆  < 105.6 eVenergy level al emission
different vacuum levels

4.4 eV @ LASEC lab in Roma Tre

titolo

titol
o

C
Workfunctions Play a Role in Electron Kinetic Energy

accelerating voltage
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D
TES Detection Performance

𝜏𝑒𝑓𝑓 = 𝜏𝑡ℎ 1 +
𝛼

𝑛
1 −

𝑇𝑏𝑎𝑡ℎ
𝑛

𝑇𝑐
𝑛

−1

≈
𝑛

𝛼
𝜏𝑡ℎ ≈

𝐶

𝐺
∝ 𝑇𝑐

−3

∆𝐸𝐹𝑊𝐻𝑀= 2.36 4𝑘𝐵𝑇𝑐
2

𝐶

𝛼

𝑛

2
∝ 𝑇𝑐

3/2

𝐸𝑠𝑎𝑡 = 𝐶∆𝑇𝑠𝑎𝑡=
𝐶

𝛼

∆𝑅𝑠𝑎𝑡

𝑅
𝑇𝑐 ∝ 𝑇𝑐

𝛼 =
𝑇

𝑅

𝑑𝑅

𝑑𝑇

effective time 

response

energy FWHM

energy saturation

transition sharpness
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Temperature Effects on Signal Amplitude
E

Need for a different calibration for each TES 

different temperature working condition!
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Electric Field does not have Relevant Effect

GND

- HV

F
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Rate of Signals Follows FE expectation
G

dark counts seem not to have 

relevant rates but they were 

acquired with different trigger, 

hence they have a rate not 

comparable to the signal one 
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