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Cosmic-Ray Radiography
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Non-destructive inspection for large structure. _ _
Detect CR muon, calculate energy loss. Detect particle trajectory
Estimate target’s material density Detector




Cosmic-Ray Radiography
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Structure of Nuclear Emulsion
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Emulsion Cloud Chamber(=ECC)
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Detection Principle of Nuclear
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Taking slice images of emulsion

layers
—Judge particles tracks by

developed grains linearly.

Connecting both side tracks

- Reconstruct tracks with corrected
distortion of emulsion layer (gelatin).
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We expect to improve angular accuracy by using thick type base.

From optical design of scanning machine, the limit of all thickness is 1mm.
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Base Candidates

Base PS TAC PMMA COP PC

Materials —_—— —— = —_—

Base 70 175 90 205 200 800 500 300
Thickness

[ ]

Water 0.01~0.03 3.3~3.8 0.1-0.4 <0.01 0.15
Absorption
[Wight%]

Refractive 1.59 1.49 1.53 1.53 1.59
index

Birefringence - 1.4 3.5 3.6 7.5
[nm]

Experiments ~ WA75 Now  CHORUS, OPERA CHORUS, CHORUS, Under Under
Using DONUTS DONUTS DONUTS Investigation Investigation

Start of 1983~ 2014~ 1994~, 2006~ 1994~ 1994~
Experiments 1997~ 1997~ 1997~

Emulsion 330 70 350 44 100 100
thickness

[ ]



improvement of Angular Accuracy lest 1

175 PS,500 COP

4 2D Histogram of test beams
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Angular Accuracy of Vertical Tracks

-
To investigate base thickness dependence of
angular accuracy, | use the beam spot of

=0.0=x0.02
stan =275 Txan 2
At the point of = 0.0, second term of .
e Calculate angle difference of Stan —
eachtracks | | == a-o. ]
. Define angular accuracy as — Angular accuracy iIs expected near to be
1 ofits histogram. Inversely proportional to the base thickness.




Angular Accuracy of Vertical Tracks
175umPS - 500umCOP Emulsions
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improvement of Angular Accuracy lest 2

2D Histogram of Detected Cosmic Ray

Location Outdoor tent —

Direction o
Horizontal to the ground -

Period 3days — 2

Investigate base dependence
of angular accuracy, using
same angle as the beam,
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Angular Accuracy of Vertical Tracks

175umPS - 300umPC Emulsions
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Summary of Angular Accuracy of Vertical Tracks

_ Red 175 PS CR
x —_
[\/_ 0 ] Black 175 PS Beam -
3 Blue 300 PC _CR 7
Green 500 COP_Beam Stan = _\/ 2+ 2x(tan )2 =0
2.5 ¢ — | 77 TN ee-cree o
2 Power approximation curve is
) \\ = 7.75 x 10—7 —0.936
1.5 2N
It is approximately inversely proportional.
1 Tl
And, is calculated ~0.55 from this value,
05 which is in agreement with the known value in
' the order.
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Angle Dependence of Angular Accuracy Test

2D Histogram of test beam — 2D Histogram of Detected Cosmic Ray
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Angle Dependence of Angular Accuracy Test
Result , Consideration

[0 |
£.02 Tesults
2 . Thick base type emulsion’s angular
odig— |Red 175 PS CR — accuracy is better than more thin one.
& r |Black 175 PS_Beam
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0.014— .- .| same base emulsion.
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Base Candidates (New Beam Test Samples)

PS PMMA COP PC
Polystyrene PolyMethyl CycloOlefin PolyCarbonate
MethAcrylate, Ploymer
Acryl
Refractive index 1.57 1.48 1.53 1.58 1.52
Birefringence - 3.5 3.6 7.5 -
[nm]
Water Absorption 0.01-0.03 0.1-0.4 <0.01 0.15
[Wight%]
Coefficient of 50~83x%x10"  50~9.0x107° 7x107° 6.8 x 107> 72x107°
thermal expansion
[cm/cm ]
Base Thickness 175 500 500 300 300
[ ] 500
700

Water Absorption & Coefficient of thermal expansion is literature data,




Conclusion

* We are developing thick supporting base type nuclear
emulsion for improvement of angular accuracy to use
cosmic-ray radiography.

* In beam test and observation of cosmic-ray, We confirmed
Improvement of angular accuracy by using thick type base.

e Next step, using new beam test samples , we’ll evaluate
several base type emulsion’s performance inclusive angle
dependence of angular accuracy.
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1D Histogram of test beam
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