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Nuclear emulsion  

・Large acceptance 
・ 
・ 

・High spatial resolution 
・Sensitive to Minimum Ionizing Particles 
 

             → Detection of tau decay 

Microscopic view 

10cm 

Thickness = 300m 

☆ High spatial resolution ( < 1mm) 

Visualization of trajectories of charged particles in three dimension 

High spatial resolution (3D position, angle) 
Compact (Thin)  
Light weight 
No need of electric power 

100m 

1m 

3 dimensional track 

Chemical  
Development 

Silber Bromide Crystal 

gelatine 

Plastic base 

60mm 

175mm 

60mm 

Detection layer 

Detection layer 

We need to produce emulsion films by self-made 

Silber Bromide Crystal 
electronic microscope view 



Flow chart of emulsion production 

Emulsion gel production 

Production machine 

Pouring 

Light shielding, keeping humidity, 
water shielding 

Vacuum pack 

gel 

Pour on plastic 
base material 

spread 

Drying 

Humidity 
control 

Fix on plate 
assembling 

cutting 

※Dark room 



Gel Production Machine at Nagoya University 

Chemical reaction 
 

AgNO3+NaBr 
 →  
AgBr↓+NaNO3  

Crystal size 
Crystal shape 

We trained how to produce 
and improve with help from 
researcher of Fuji film 
company 

壷の中の写真 

粒子径のコントロール 
増感条件の最適化 
ノイズの低減 
長期特性の改善 
などを試みている 

液を混ぜて作る事を説明 
 
液を矢印で説明 
 
混ぜる部分のイメージ図 

薬品添加のイメージと粒子の電顕写真と構造 

Sensitivity 
Stability 

Injection speed 
Mixing speed 
Temperature chemical 

AgNO3 AgNO3 NaBr NaBr 



Coating technique based on traditional method 

3. Pour the gel 4. Spread the gel  5. Dry after setting 

Poring 
tool 

1. melt emulsion gel 2. Fix plastic base on the stage 

Pourings
tage 

Tuning the gel properties  
・viscosity 
・surface tension 

Tuning the drying condition 
・humidity ・temperature ・wind 



Coating room 

Drying room @2016 

Coating room @2014 

Pouring stage Coating room @2016 

Drying space 



Process flow of self-made emulsion film production 

9m2 area detector / week 
4 persons working / day 

Gel 
production 

Pouring 
(first surface) 

Drying 
(first surface) 

Pouring 
(second 
surface) 

Drying 
(second 
surface) 

Cutting 
Humidity 
control 

Packing 

Day 1                2                  3                  4                  5                  6                  7 

1 week 

Production speed =  

1m2 area detector / week 
3 persons working / day 

Performance at 2014 collaboration meeting 

9x speed up in 2 years 



Performance of Emulsion Production 
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Coating part (1min) Setting part (2min) Drying part (7min) 

Coating part setting&drying part 

20m2/week 〜 1000m2/year ±5um以下の均一な膜圧 

Development of Machine Coating System 

thermography 

Thickness uniformity < ± ５μm  

Under preparing … 



Pyramids Volcanoes 

Industrial Plants 

Emulsion for Muography 
Potential for innovative industrial technology 

Fuji Film company are very cooperative for development of muography 
This is essential for SHiP experiment (several 1000m2 emulsion experiment) 



Emulsion for Muography 

Data Simulation 

This is first validation of muography of the chamber inside the pyramid !! 

100m 

Bent pyramid 

Emulsion in lower chamber 

Upper chamber 



Emulsion for Muography 
Potential for innovative industrial technology 

Fuji Film company are very cooperative for development of muography 
This is essential for SHiP experiment (several 1000m2 emulsion experiment) 

volcano 

Fault 

Resource exploration 

Mineral Exploration 

Geoscience 

Blast furnace 

Plant 

Reactor 

Archeology 

Pyramid 

Tumulus Cave 

Civil engineering 

Dam 

Cavity investigation 

Reinforced concrete 



Summary 

• We are developing emulsion technologies (gel, 
production) at Nagoya University 

 

• We can produce 9m2/week ~ 400m2/year 

• Aiming to reach 1000m2/year 
 

• We are developing machine coating system to 
increase performance and production speed 

• Current driving force is Muography. 


