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With nuclear emulsion, position resolution will be improved 
 by 1~2 orders. (O(100 nm)~O(10 nm)) 
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Nesvizhevsky et al. Nature 415, 297 (2002) 
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Nuclear emulsion 
R&D @Nagoya since 2010 
 
AgBr crystals grown and  
dispersed in gelatin. 

500nm 

35nm crystal 

200nm crystal 

500nm 

 For  
minimum  
ionizing 
particles. 

 Fine-grained. 
・Crystals with 35nm  
   of diameter. 
・ M.I.P.s and low E 
   electrons are not  
   detected. (neither g) 



A microscopic view 
(epi-illumination)  
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60μm 

AgBr・I  crystal 
Ionizing particle 

Development 

Silver grains aligned 
                     = a track 

~ 35 nm 
~ 100 nm 

Fine-grained nuclear emulsion 
High spatial resolution 3D tracking detector 

 a particles’ tracks 



Detection Principle 

Neutron absorption by nuclides 
・ large absorption cross section 
・ emission of charged particles with high dE/dx 
 
 
10B(n,α)    σ=3835 barn (vn=2200m/s),  1.69×106 barn (vn=5m/s) 
 
      n + 10B  a + 7Li (ground state)         + 2.79MeV (6%) 
                        a + 7Li (1st excitation state) + 2.31MeV (94%) 
                      
 
 
 
                                                       

 
  10B 
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UCN 

Absorption 
 point 

Si 0.4 mm 
(base) 

10B4C  
～50 nm 

NiC  
60 nm 

C  
30 nm 

Fine-grained emulsion 
10 μm 

Sputtered by M.Hino at KURRI 

Structure of the detector 

  ・  stable B4C-NiC-C layer    
        sputtered on Si  

   ・ 10B4C (10B enriched ~ 96%) 

Expected  
position resolution < 100nm  

Absorption eff. By 10B 
(from n transmittance 
measurement by cold neutrons) ： 
 
     (0.14±0.04)% @1000m/s 
  (13±3)    %  @   10m/s  
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Packing for avoiding light 
10 mm-thick Al foil ×2 

Si-10B4C-NiC-C plate 
coated with emulsion 

Fabricated detector 

2 cm 

2 cm 
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neutrons passed the pinhole : 
(3.2±0.2 )×106 n /~1300s /3mmΦ 

 emulsion  
detector 

Beam monitor 

3mmΦ Cd  
pinhole 

3He detector n～1000 m/s  

Cold neutron exposure @J-PARC MLF BL05 
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 emulsion  
detector 

Beam monitor 

3mmΦ Cd  
pinhole 

3He detector n～1000 m/s  

Cold neutron exposure @J-PARC MLF BL05 
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wavelength [nm] 

Wavelength distribution by 
3He detector 

neutrons passed the pinhole : 
(3.2±0.2 )×106 n /~1300s /3mmΦ 
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10μm 

1st grain 
1st grain 

・Tracks from absorptions were detected. 

After development, focal depth around the base 
                                                 （down stream of 3mmΦ pinhole） 
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10μm 

1st grain 
1st grain 

・Tracks from absorptions were detected. 

After development, focal depth around the base 
                                                 （down stream of 3mmΦ pinhole） 

→ detection efficiency measurement 
   by counting tracks by eyes 



Criteria of counting tracks 

１． Starting from base. 
 
２．Not parallel to the base (rejection of scratch marks on the base) 
 
 
 
 
 
 
 
 
 
 
３．Not penetrating the emulsion layer (10 mm)  
       (rejection of natural radiation) 
                     
４． Grain Density > 1 grain/micron 

 thickness before development  
recognized to be  
parallel to the base 
  
 
～0.73μm 除外 

Track length 
7Li：2.6μm 
α：5.1μm 

θ 

inefficiency 
7Li：23%, α：12% 
angle  
 acceptance: 82% 
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Base 

cross sectional view 
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1 0 0 0

・ 

3mmΦ 

・32 sample regions every 450mm 
around  3mmΦ   checked by eyes 
under the microscope. 
 （1 view = (100μm)2 ） 
 
・ 16 regions in 3mmφ  used for   
  efficiency calc. 
 
・ detected： 
   118 tracks / 16 views 
   （118±√118） 
   = 7.4 ±0.7 tracks / views 
 
        

Result 
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Number of neutrons： 
(4.5±0.2 )×103 n / view 
 
→detection eff.  :     (0.16±0.02) % 
  （Expected：(0.11±0.03) % ） 

Consistent in the error. 



UCN 

VCN 

Emulsion  
detector 
dowstream 
Of Cd slit  
□1cm2 

・ Cd slit □1cm×1cm 

Emulsion detector 

UCN 

2 cm 

UCN detector 

2 cm 

Doppler 
shifter  
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Wavelength measured by UCN detector 

Beam 
Monitor 

v~10m/s 
 λ~40nm 

Expected detection eff. ： (11±3) % 
 
 
 
Neutrons came through 1cm×1cm Cd slit: 
 1.25 ×105 n/cm2 

                                                

   UCN  @J-PARC MLF BL05 
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0 0 0 0 0 0 0 

1 3 2 1 0 

・ 
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Result 

・81 sample regions every  
1714 mm around  (1cm)2 

 （1 view = (100μm)2 ） 
 
・ 42 regions in (1cm)2  used 
  for  efficiency calc. 
 
・ detected： 
   63 tracks / 42 views 
   （63±√63） 
 = 1.5 ±0.2 tracks / views 
 
        

Number of neutrons： 
12.5  n / view 
 
→detection eff.  :  (12±2) % 
  （Expected：(11±3) % ） 

Consistent. 



Estimation of resolution using real tracks is going 
on. 

Deviation of grain positions from a line 
connecting first grain(x0,y0,z0) and the last 
grain(x1,y1,z1) 

X                                                Y                                                 Z 

RMS 
39 nm 

RMS 
42 nm 

RMS 
62 nm 

Sample tracks 
(grains on the base are not used) 
view72  track1 (5 grains -> 3 points) 
view42  track1 (5 grains -> 3 points) 
view42  track2 (4 grains -> 2 points) 
view42  track5 (5 grains -> 3 points) 
view41  track1 (5 grains -> 3 points) 
view41  track2 (5 grains -> 3 points) 
view41  track3 (5 grains -> 3 points) 
view41  track4 (4 grains -> 2 points) 

T. Ariga’s slide 



binarization 

S. Tada’s slide 



Conclusion 

・ We have been developing a high spatial resolution cold/ultra-cold neutron detector 
   by using fine-grained nuclear emulsion and an isotope with large absorption  
  cross section emitting charged particles with high dE/dx. 
  
・ The detector with stable layers, 10B4C(~50nm)-NiC-C-Emulsion, is successfully  
  developed.  Spatial resolution of  <100 nm is expected. 
  
・ Cold neutron（~ 1000 m/s） 
       Detection efficiency  ： (0.16±0.02) % （expected: (0.11±0.03) %） 
     
・ UCN (~10m/s) 
       Detection efficiency  ： (12±2) %       （expected: (11±3) %） 
 
 
・ Development of automatic tracking algorithm is going on.  
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