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Data Taking in Trento (February 2023)  

• 19 NIT films (~ 6.4x4 cm2) for the brick, 1 film for sensitivity tests

• Fixed pencil beam @211 MeV (FWHM ~ 1.5 mm)

• 230 cm from beam exit window

• 6x4 grid for a uniform exposure of the NIT emulsions (about 11.000 protons per spot)
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Sensitivity Issues: Test with Trento Data (1) 

• The recorded sensitivity to primary protons (211 MeV) was extremely low

• The film was tilted by ~ 15° with respect to the beam direction so one expects approximately

sin(15°)*(180)*0,12 ~ 6 protons per view (40x objective, 400x300 µm2 views)
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Simulated Beam Profile for Sensitivity Test

Most Views are Empty!
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NIT Exposure at CNAO (November 2023)

• The samples exposed at CNAO are aimed at:
• Testing NIT sensitivity to protons at 70 MeV (exposure with a single spot of 107 primaries) 

• Testing NIT-OPERA double coating and tracking with thin OPERA layers (exposure with a single spot with 105

primaries)

• Mechanical test with double side pouring on 170 µm thick cover glasses

• For this purpose, NIT gel from two separate batches was poured on 2 mm thick slide-glasses

• The samples have been developed in LNGS and they need to be scanned (analysis on-going, more details

will be given in future meetings)
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First Results from CNAO Test Beam

• Current NIT (70 nm, MMA, HA 
sensitization)  are not sensitive 
enough to reconstruct 
primary protons above 
70 𝑀𝑒𝑉! 

• Possible to chemically develop 
OPERA-like and NIT layers 
together! More tests needed

CNAO Exposure: single high intensity spot 
(107 protons) 

NIT OPERA-like



Pilot Run Readout

First Spot: High Density Test!

MC

DATA

Developed NIT samples 

Fast Scan Features
(more details last GM) 

View Size 400x300 𝜇𝑚

Z step 0.75 𝜇𝑚

Scan Speed ∼3 𝑐𝑚2/ℎ



Offline Reconstruction Workflow
MTs + Background Grains

Linking + Cuts on Ngr

400 𝜇𝑚



Results from Fast Scanning

3D displays of reconstructed
events

Proton

Proton

These results will be 
featured in the proceedings
of the 2024 Pisa Meeting



400 𝜇𝑚
10 𝜇𝑚 𝐴𝑔𝐵𝑟 𝐵𝑜𝑥 𝑖𝑛 𝐴𝑖𝑟

MC Study of Proton Sensitivity



𝛼 = 4𝜋𝑎3
𝜀 − 𝜀𝑚
𝜀 + 2𝜀𝑚

→ 𝜀 = −2𝜀𝑚

From: Willets K., Van Duyne R. Annual review of 
physical chemistry 58 (2007): 267-97 

Maximum reflected light 
when E field is parallel to 
major axis → possible to 
resolve close structures!

LSPR depends on the 
shape and orientation of 
the nanoparticle

Resonance condition

Optical

X-ray

Readout: Localized Surface Plasmon Resonance

https://www.semanticscholar.org/paper/Localized-surface-plasmon-resonance-spectroscopy-Willets-Duyne/98e5e3e09c7a5dfee943934c807120fa266a9525#citing-papers
https://www.semanticscholar.org/paper/Localized-surface-plasmon-resonance-spectroscopy-Willets-Duyne/98e5e3e09c7a5dfee943934c807120fa266a9525#citing-papers
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From: Alexandrov et al. Scientific Reports volume 13, 
Article number: 22813 (2023)
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Super Resolution LSPR Optical Microscope

https://www.nature.com/articles/s41598-023-50208-y
https://www.nature.com/articles/s41598-023-50208-y


First Application of SR Microscope

Fast Microscope SR Microscope

Reconstruction after fast scan Reconstruction after second scan
(no SR)

→ 3 shorter tracks are 
recovered during the second 
scan! SR Microscope



Reference System (1)

Bot Side Scan Top Side Scan



Reference System (2)

Mic8 (fast optical microscope) Mic6 (SR microscope)



SR Workflow

Polarization Angle 
= 𝟏𝟏𝟐. 𝟓°

Polarization Angle
= 𝟏𝟖𝟎°

2. Perform scanning with 8 polarizations

3. Focus on interesting grains

4. Perform SR analysis

1. Find a target fragmentation event



Conclusions
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