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GRAINE project
●Concept of Balloon borne emulsion gamma ray telescope 

Coated on double side with gelatin 
within AgBr crystals

●Balloon Flight
2011  Hokkaido
2015 2nd balloon flight @ Australia
2018 April balloon flight @ Australia 17.4hour, 0.38m2

2023 April-May ＠ Australia 24hour 2.5m2

●Main Purpose：
Imaging of cosmic gamma ray objects with high angular 
resolutions of nuclear emulsion films

(Gamma Ray Astro-Imager with Nuclear Emulsion)
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• Energy spectra and chemical composition measurements
• JACEE/RUNJOB utilized ECC type detectors to measure primary energies in calorimeters because 

interaction length and absorption length were needed above TeV energies.

• The recent progress of Nuclear Emulsion Technologies including HTS
• Allows to carry out general scanning of nuclear emulsion films with wide angular acceptance.

➡Direct measurement of cosmic ray nuclei above the GeV energies is the one of the next 
aim in the GRAINE project to study the chemical composition of cosmic ray nuclei because 
of it large aperture area. 
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Short lived 
Pu(Z=94,A=244)
Cm(Z=96,A=247)

Predictions:
SNe->significant 
number
BNSM->little or no



Cosmic ray nuclei measurements in GRAINE2023
• The Goal of this study:

• To measure cosmic ray nuclei(CRN) in 
conventional eye-scan method in order to 
collect training data for machine learning 
of track recognition. 
=> 100 CRN tracks

• Test scanning data:
• Image data in 3cm x 3cm region of one 

GRAINE2023 flight film obtained by  HTS2. 

100個/9cm^2

1個/9cm^2

GRAINE2023 Full size
100×125㎝^2×2=2.５m^2



• Scan region :３ｃｍ×３ｃｍ
• Image area label:  VX：０〜２６ VY:０〜５４
• Number of area : 27×55  =1485

• One single image scanned by HTS2
• Width:2048 pixel Height：1088 pixel
• Real image size：1290um×685um
• Image format: gray scale (png format)
• Image area non overlapped ：VX＝1170um VY=560um
• Z gap＝4um ->24 slices/emulsion layer
• Pixel resolution :

• 1290um／2048pixel = 685um／1088pixel＝0.63um

VX6VY0VX7VY0

VX7VY1 • overlapped regin
190pixel=120um

Region and areas of 
emulsion images in this 
analysis 
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Method of conventional eye-scan
• Raw images for both side emulsion layers : 24 slices x 2 =48
• Composite images in both layer (24 slices x 2) at each area are created by 

means of multifocal imaging algorithm (poster presented by Sugi-kun).
The depth information of grains is stored in the other images.  

685um

1290umExample of 
composite 
image.

Other 20 
examples 
are shown 
in the 
following 
slides.
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Summary
• We are going to analyze GRINE2023 emulsion images in order to 

obtain tracks of cosmic ray nuclei.

• In this eye-scan, 283/500 CRN tracks could be found in 3cm x3cm 
region. Feature measurements of each track such as track width, 
PHV etc.,  are on-going now.

• These CRN images are used for training data of machine learning 
algorithm to automatically recognize CRN tracks in emulsion 
images.

• We are going to extend image region from 3cmx 3cm to 10cm x 
10cm  for this image analysis. ~1TB


