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Abstract

We are developing a defect inspection system for various materials using high energy positrons generated by a laser
Compton scattering gamma ray beam. When a high-energy positron is injected into the target material, positrons are
rapidly thermalized by collisions and they are efficiently trapped by vacancy defects in the material. Finally, they produce
pair gamma by annihilate with neighboring electrons. The defect density and the defect size of the target material are
evaluated from a spectrum of an annihilation gamma-ray and a lifetime of positron, respectively. Recently, we tested a
gamma-ray-beam direct injection method in which the positron generation and defect inspection by positron are done
simultaneously. This method reduced a measurement time and made possible to use very thick material to inspect.
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Figure 1: One sixth of NewSUBARU electron storage ring is shown. BLO1 of the one of nine beamline in the
NewSUBARU Synchrotron Light Facility is laser Compton scattering gamma-ray beam source. GACKO is a gamma-ray

beam collaboration hutch with Konan University.
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Figure 2: Interaction coefficient between gamma-ray
photon and lead target.
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Figure 3: (a) Positron material inspection system.
Collimated gamma-ray beam is converted to electron
positron pair at thin lead target. Energy selected positron is
injected into thin sample. Annihiration gamma spectra are
detected by HP-Ge detector.
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Figure 4: Collimated gamma-ray beam is injected into a
thick sample directly. Annihiration gamma-photons are
emitted from through the gamma-ray trajectory in the
sample.

Table 1: Annihilation Gamma Detection Rate

Sample Positron y-ray
injection injection

Material | Size(mm) | Annihilation Annihilation
count/h count/h

Iron 20x50x5t | 1.3E+03 3.7E+05

Silicon | 20x45x17t | 3.3E+03 7.2E+05
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Figure 5: Positron life time measurements system. Single
bunch electron of about 100ps pulse width was used.
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Figure 6: (a) Measured annihiration gamma spectra
normalized with peak count. (b) Gaussian fitted spectra
normalized with area.
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Figure 7: Measured positron lifetime for an aluminum and
an iron samples.

Table 2: Measured Positron Lifetime

Sample Measured Calculation [32]
Iron 350 psec 101 psec
Aluminum 453 psec 166 psec
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