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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
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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 2023 CNAO Test Beam

• Current NIT (70 nm, MAA, 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
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400 𝜇𝑚
10 𝜇𝑚 𝐴𝑔𝐵𝑟 𝐵𝑜𝑥 𝑖𝑛 𝐴𝑖𝑟

MC Study of Proton Sensitivity
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New Sensitization Approaches

Sulphur-plus-gold
(Au-S)  

Acts by forming 𝐴𝑔2𝑆 sensitization center on the surface of the 
𝐴𝑔𝐵𝑟(𝐼) crystals. Gold helps the 𝐴𝑔2𝑆 sensitization center and the 
development of latent image
Extensive experience with OPERA-like emulsions (sensitive to MIP), 
but no experience with NIT

Triethanolamine
(TEA) 

Acts by partially melting 𝐴𝑔𝐵𝑟 𝐼 crystals thus leading to the 
formation of 𝐴𝑔𝑂𝐻 which becomes 𝐴𝑔2𝑂 and 𝐻2𝑂
𝐴𝑔2𝑂 can then be reduced to 𝐴𝑔 thus increasing the amount of 
silver in the development centers

Unsensitized vs TEA sensitized
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Sensitization Tests in LNGS

Sensitizer Condition Exposure

Au-S OPERA recipe 𝛼, 𝛾, 𝛽 + ref

Au-S OPERA recipe adjusted by 
surface ratio (70 nm vs 200 

nm)

𝛼, 𝛾, 𝛽 + ref

TEA 5 g/L solution, dip for 15 
minutes 

𝛼, 𝛾 + ref

TEA 5 g/L solution, dip for 10 
minutes

𝛼, 𝛾 + ref

TEA 24.5 g/L solution, dip for 15 
minutes

𝛼, 𝛾 + ref

TEA 24.5 g/L solution, mix to gel 
(same proportion as HA)

𝛼, 𝛾 + ref

HA Standard recipe 𝛼, 𝛾 + ref
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Radioactive Sources in LNGS
Source Emission Activity Exposure time

LNGS-150 Mainly 𝛾 at 60 keV from 
241𝐴𝑚

402 𝑘𝐵𝑞 (08/11/24) 3 min

LNGS-160 241𝐴𝑚 with thin window 
to for 𝛼 radiation (~ 5.4 

MeV)

73.9 𝑘𝐵𝑞 (07/11/24) 4 min

LNGS-036 𝛽 from Sr-90 231 𝑘𝐵𝑞 (07/11/24) 30 s

~3 𝑚𝑚

LNGS-150 LNGS-71

~25 𝑚𝑚



400 𝜇𝑚

Au-S and TEA: Very First Results

Sensitizer Condition

Au-S «adjusted» 
OPERA 
recipe

Au-S OPERA 
recipe

• In general, an increase in 
sensitivity comes with an 
increase in noise (fog for 
NIT)

• For Au-S sensitization, the 
second condition (adjusted
ratio) proved to be too
aggressive (gray but
transparent emulsions with 
MAA development) 

• For TEA, there was an issue
keeping the samples too
long in the sensitizer
solution (probably the 
interaction of TEA with the 
undercoat led to emulsions
detaching at the sides)

Sensitizer Condition

TEA Dip for longer
than 7-8 minutes 
(5 g/L, 24.5 g/L)



400 𝜇𝑚

Sensitivity to Gamma Radiation
• Photo-electrons from the gamma source have too low 

ionization to be detectable in HA-sensitized NIT, except
for the very last part of their range

• Therefore, HA-sensitized NIT only show isolated grains 
coming from photo-electrons when exposed to the 
gamma source

• A simple way to quantify the relative sensitivity of 
different batches (or different sensitization) consists of 
counting the number of sensitized grains in the central
part of the irradiated region

1. Line scan (200 views) along Y direction
2. Line scan (200 views) along X direction
3. Line scan along the central part of the 

irradiated region (200 views, Y direction)
4. Compare the height of the peak (~ number

of grains) after an exposure to the same
source, for the same time and at the same
illumination conditions

𝜸
irradiated
region

X1

Y2

Measurement of 𝜸 sensitivity



400 𝜇𝑚

Visual Inspection: Au-S
• Detail from 1 microscope view

(~ 70 × 50 𝜇𝑚2) near the 
gamma peak

• Many short tracks (2 to 3 
grains) visible, a few even
longer ones

• Appreciable increase in 
sensitivity but also in fog

~
0
.8
𝜇
𝑚



400 𝜇𝑚

Relative Sensitivity: HA vs Au-S
• Line scan (Y direction, 200 views) along the peak of the gamma source (3 minutes standard 

exposure)
HA Au-S

Higher peak
but higher
background 



400 𝜇𝑚

Visual Inspection: TEA (mix)
• Detail from 1 microscope view

(~ 70 × 50 𝜇𝑚2) near the 
gamma peak

• Many short tracks (2 to 3 
grains) visible, a few even
longer ones

• Similar conclusions to Au-S 
samples from eye-check

~
1
.3
𝜇
𝑚
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Relative Sensitivity: HA vs TEA (mix)
• Line scan (Y direction, 200 views) along the peak of the gamma source (3 minutes standard 

exposure)
HA TEA (mix)

Similar peak
to Au-S and 
lower
background 
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LNGS Test Results
Sensitizer Condition Exposure

Au-S OPERA recipe 𝜶, 𝜸, 𝜷 + ref

Au-S OPERA recipe adjusted by 
surface ratio (70 nm vs 200 

nm)

𝛼, 𝛾, 𝛽 + ref

TEA 5 g/L solution, dip for 15 
minutes 

𝛼, 𝛾 + ref

TEA 5 g/L solution, dip for 10 
minutes

𝛼, 𝛾 + ref

TEA 24.5 g/L solution, dip for 
15 minutes

𝛼, 𝛾 + ref

TEA 24.5 g/L solution, mix to 
gel (same proportion as

HA)

𝛼, 𝛾 + ref

HA Standard recipe 𝛼, 𝛾 + ref

• Both Au-S and 
TEA sensitized
NIT showed a 
significantly
larger sensitivity
than HA samples

• Fog is larger in 
Au-S samples 
(and preparation
is more 
complex)

• TEA sensitization
seems to be the 
best approach
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NIT Exposures in CNAO 2024

Sensitizer
Recipe

Support 
Material

Exposures Purpose

Au-S with 
OPERA recipe

HA
TEA (mix)

Plastic 12𝐶 at 200
MeV/n and 400 

MeV/n

Alignment + 
Tracking

Au-S with 
OPERA recipe

HA
TEA (mix)

Slide Glasses 
(1 mm)
Plastic

𝑝 at 15 MeV, 30 
MeV, 45 MeV, 

55 MeV, 70 
MeV, 200 MeV

Sensitivity
Test

Alignment + 
Tracking (with 

plastic if
sensitivity is

high enough)

NIT Vacuum Pouring Stage Slide Glasses (pouring stage)

𝟏𝟐𝑪 exposure

p (45/55 MeV)
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Results from CNAO 2024

• New RP rules →  
exposed NIT samples 
are still in CNAO 

• Discussion between RP 
experts (Napoli & 
CNAO) on-going, 
updates expected at 
the start of January 
2025

• No results before 
2025 Japan campaign
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NIT Fading: a quick look

Plots by T. Asada

Relative 
Fading
@-15 °C

Relative 
Sensitivity
@-15 °C
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Results from CNAO 2024
• Only educated guess of the sensitivity to protons possible

1. Eye checks of Au-S and TEA samples have shown short tracks (~ 1 𝜇𝑚 in length) 
2. At 30 keV electrons are expected to have ~ 1 𝜇𝑚 CSDA range in emulsion (NIST database) 
3. The total stopping power for 30 keV electrons in water is equal to ~ 9.6 𝑀𝑒𝑉/𝑐𝑚
4. The stopping power is comparable to protons at around ~ 70 MeV

• Results from reference samples show comparable levels of background (no major issues 
during transport)

Ref Au-S LNGS

Plots by S. Masci

Ref Au-S CNAO
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NIT Measurements in Japan (HIMAC)

• Purpose: testing crystal efficiency with 
horizontal exposures to carbon ions (several
TEA conditions tested)

• Analysis on-going at Toho university

Carbon beam



12C 290 MeV/n @HIMAC 
TEA (mix)

12C 290 MeV/n @HIMAC 
HA

~ 70 𝜇𝑚

Pictures by T. Asada
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Upcoming NIT Measurements in Japan



Conclusions



400 𝜇𝑚

Au-S: Background increase over time
• The first tests with Au-S were performed last September
• In November, we sensitized more gel and compared the fog level with the previous batch

Au-S (Nov24)Au-S (Sep24, developed in Nov24)

Not exposed!
Environmental
radiation (also
seen for 
OPERA-like 
emulsions!)
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