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Inorganic Scintillation detectors for Inorganic Scintillation detectors for 
gamma raygamma ray

Resolution Resolution High! High! 1%?1%? ××

Response timeResponse time
–– Dead time (decay time)Dead time (decay time) Short! Short! 100ns?100ns? ○○

–– Time resolutionTime resolution Good! Good! 100ps100ps ○○

Efficiency / VolumeEfficiency / Volume
–– Radiation LengthRadiation Length Short!Short! 1cm1cm ○○

Back groundBack ground Low! Low! ??
CostCost Low! Low! 1kyen/cc1kyen/cc ○○

LifeLife
–– Radiation damageRadiation damage Small!Small! ?? ○○
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Test SamplesTest Samples
LYSO:LYSO:CeCe 10mm x 10mm x 10mm10mm x 10mm x 10mm
–– LutetiumLutetium--Yttrium Yttrium OxyorthoscilicateOxyorthoscilicate, , 
–– CeCe doped doped 
–– (Lu:Y=98:2 (W))(Lu:Y=98:2 (W))

YSO:YSO:CeCe 10mm x 10mm x 10mm10mm x 10mm x 10mm
–– Yttrium Yttrium Oxyorthosilicate Oxyorthosilicate 
–– CeCe dopeddoped
–– Y2SiO5 Y2SiO5 

ReferenceReference
–– BGOBGO 10mm x 10mm x 10mm10mm x 10mm x 10mm
–– NaINaI φφ13x20mm13x20mm

Response for gamma ray from Response for gamma ray from 6060Co sourceCo source
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SpecificationSpecification

480480428428420420410410Light wave Light wave 
length (nm)length (nm)

0.120.120.750.750.80.81.001.00Light outputLight output
((NaINaI: 1.00): 1.00)

Decay of Decay of 
176176LuLu

HygroscoHygrosco
picitypicity

1.121.121.161.162.592.59Radiation lengthRadiation length
(cm)(cm)

7.137.137.47.44.454.453.673.67Density (g/cc)Density (g/cc)

BGOBGOLYSOLYSOYSOYSONaINaI



2008/3/182008/3/18 Riken Detector WSRiken Detector WS 55

ExperimentExperiment

PMT(H7415)

Crystal

Optical interface pad (Silicon rubber)

Oscilloscope

pre amp., amp., MCA

Gamma ray source
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Light output, Energy resolution, Light output, Energy resolution, 
PhotoPhoto--peak efficiencypeak efficiency

Response for gamma rayResponse for gamma ray
–– 6060Co 1.17 and 1.33 Co 1.17 and 1.33 MeVMeV
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Light output, Energy resolution, Light output, Energy resolution, 
PhotoPhoto--peak efficiencypeak efficiency

4.804.804.404.400.230.2311****P.P. efficiencyP.P. efficiency

0.170.171.161.160.740.7411Light outputLight output

3.9%3.9%2.7%2.7%2.4%2.4%2.8%2.8%Resolution*Resolution*

BGOBGOLYSOLYSOYSOYSONaINaI

*  1.33 MeV gamma ray

**YSO, LYSO BGO: 10 x 10 x 10 mm cube

NaI: φ13 x 20 mm cylinder 
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Fluorescence Decay TimeFluorescence Decay Time
Decay constant Decay constant ττ

Time integration of Time integration of 
charge q(t)charge q(t)　　
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Background form Decay of Background form Decay of 176176Lu Lu 

LuLu
–– 175175Lu 97.41%, Lu 97.41%, 176176Lu 2.59%Lu 2.59%
–– 176176LuLu

beta decay beta decay 
ττ=3.78x10=3.78x101010yy
Natural LuNatural Lu

–– 75 decay/g/s75 decay/g/s

LYSOLYSO
–– 300 decay/cc/s300 decay/cc/s
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Beta decay of Beta decay of 176176LuLu
6060Co 1.17, 1.33 Co 1.17, 1.33 MeVMeV
Gamma +Gamma +ββ spectrumspectrum
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Finally, Finally, 
Is LYSO available for gamma ray detection?Is LYSO available for gamma ray detection?
–– Energy resolutionEnergy resolution ○○
–– Response timeResponse time ○○
–– Stopping powerStopping power ○○
–– Radiation damageRadiation damage UnknownUnknown
Decay of Decay of 176176LuLu
–– Counting rate of back ground limits Counting rate of back ground limits maximum maximum 

volumevolume
300cc  300cc  -->  100ns x 100kcps: dead time 1%>  100ns x 100kcps: dead time 1%

Coincidence measurement?Coincidence measurement?
–– 100 100 keVkeV –– 1 1 MeVMeV
–– Small ball?Small ball?
Gamma calorimeterGamma calorimeter
–– ……
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LCS (Laser Compton Scattering) LCS (Laser Compton Scattering) 
gamma raygamma ray

TERAS (AIST, Tsukuba)TERAS (AIST, Tsukuba)
–– EEee =400=400--800 800 MeVMeV
–– EEγγ=2=2--20 20 MeVMeV

NewSUBARUNewSUBARU(Nishi Harima)(Nishi Harima)
–– EEee =1.0=1.0--1.5 1.5 GeVGeV
–– EEγγ=4=4--40 40 MeVMeV

SPringSPring--8(Nishi Harima)8(Nishi Harima)
–– EEee = 8 = 8 GeVGeV
–– EEγγ= 2= 2--3 3 GeVGeV
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LCS LCS γγ beam monitorbeam monitor
Quasi monochromatic Quasi monochromatic 
–– ΔΔE/E= 2E/E= 2--10%10%
–– 22--40 40 MeVMeV (>E(>Eγγ(176Lu))(176Lu))

TERASTERAS
–– NaINaI φφ88××12inch  12inch  

NewSubaruNewSubaru
–– LYSO LYSO 

Hex 80 mm Hex 80 mm ×× 90 mm90 mm

LCSγray Spectrum
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Unfolding Experimental Spectrum Unfolding Experimental Spectrum 
with with EGS5 SimulationEGS5 Simulation
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SummarySummary

LYSO LYSO をを NaINaI, BGO, YSO, BGO, YSOとと比較した。比較した。

–– 発光量　発光量　NaI NaI 並み並み

–– 阻止能　阻止能　BGOBGO並み並み

–– 発光時間発光時間 NaINaI, BGO, BGOのの1/61/6
とここまではよいが、とここまではよいが、

167167LuLuの崩壊によるの崩壊によるbackgroundbackgroundがが

–– 300 300 cps/cccps/cc程度ある。程度ある。

これにより用途がかなり限定される。これにより用途がかなり限定される。


