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main isotope by a nuclear reactor

131I 8 days β,γ  
137Cs 30 years β,γ
90Sr 29 years β
239Pu 24120 y α 
85Kr 10 years β
89Sr 50 days β
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90Sr/90Y90Sr/90Y 137Cs137Cs

A problem of radioactive 
contamination

Phys. Half-life ：29 years
Bio. half life ：49 years
Eff.  half-l i fe ：18 years

90Sr

90Y

90Zr

β-ray(max:0.55MeV)

β-ray(max:2.28MeV)

137Cs

137mBa

95%
β-ray(max:0.51MeV)

γ-ray(0.66MeV)

137Ba

5%
β-ray(max:1.17MeV)

Phys. Half-life ：30 years
Bio. half life ：70 days
Eff.  half-l i fe ：70 days

In the contamination water, 90Sr 
has more dangerous and difficult 
identification than 137Cs.



  

Measurement method of 
concentration for 90Sr

A Sr is able to be measured a concentration 
by to extract chemically. A few weeks After the 
extracting, 90Sr is estimated the concentration 
from  measurement of 90Y.

Measurement of β-ray from a sample
(1)Energy calorimeter
(2)Range counter
(3)Cherenkov counter

(1)Energy calorimeter
　This device measures a deposition  energy of beta-
ray. The beta-ray from 90Sr deposits more than 137Cs. 

(2)Range counter
　 This device identifies gamma-ray and beta-ray 
using multilayer detectors and this counter decides 
the 90Sr by the many reactions of beta-ray detection.

(3)Cherenkov counter
　This device is threshold type of the beta-ray's 
velocity from 90Sr and 137Cs.
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Detection mechanism

Veto scintillator

Shielding Block

WLS fibers
(0.2 mm Dia.)

Trigger scintillating fibers
(0.2 mm Dia.)

Aerogel
(2 cm thick.)

90Sr 137Cs

Cosmic ray

γ-ray
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Detection Logic

Disc.=Discriminator

coincidence

90Sr 137Cs Cosmic ray
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Veto scintillator

A scintillator size is 400 x 200 x 5 
mm3. The veto counter is composed of 
this scintillator, WLS fiber and a small 
PMT. 

The trigger must have a lower density 
for Cherenkov radiation condition. By 
using the fiber of 0.2 mm in diameter, 
the energy loss can be reduced.

Trigger fiber
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Aerogel 

In order to not react on beta-ray from 137Cs 
with the maximum energy of 1.17 MeV, aerogel 
radiator requires index of between 1.017 and 
1.049.

WLS fiber

The light guide using WLS fiber to 
read Chernekov light perform to 
use small PMTs and to reduce 
gamma-ray noise.
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Performance

Background

137Cs(25kBq)
90Sr(25kBq)

Sr Source

-10 -5 +50 +10

Effective Area

Sensitive
　:2.8x10-3 Hz/Bq

Average: 74.8
Deviation: 2.6

Uniformity :96%

Prototype

Effective area : 30 x 10 cm2

90Sr sensitivity : 2.8 x 10-3 Hz/Bq
137Cs sensitivity: 6 x 10-6 Hz/Bq
BG noise ratio 0.28 Hz
Sr/Cs ratio: 500
Position uniformity : 96%



  

Discussion1
Prototype

Effective area : 30 x 10 cm2

90Sr sensitivity : 2.8 x 10-3 Hz/Bq
137Cs sensitivity: 6 x 10-6 Hz/Bq
BG noise ratio 0.28 Hz
Sr/Cs ratio: 500
Position uniformity : 96%

60sec

600sec

3600sec

1sec

Reliability of 99% or more

Limit of detection : 〜0.3 [Bq/cm2]

Monitoring time  : 60 sec
Allowable ratio of Cs/Sr : 100

Limit of detection : 〜0.08 [Bq/cm2]

Monitoring time  : 600 sec
Allowable ratio of Cs/Sr : 100



  

Discussion2

New reference value: 10 Bq/kg of 90Sr in foods
by Ministry of Health, Labour and Welfare in Japan.

 Beta-ray is measured only the surface 
of the sample. 

Sample

30 cm

10 cm

1 cm
Limit 30 Bq/kg …   60 sec
Limit   8 Bq/kg … 600 sec

Improving the performance

(1) PMT logic optimization
(2) Extending effective area

...and so on.

The limit of detection satisfies the reference value 
with monitoring of 10 minutes.

Limit of detection: 0.3 [Bq/cm2]

Monitoring time: 60 sec
Allowable ratio of Sr/Cs: 100

Limit of detection: 0.08 [Bq/cm2]

Monitoring time: 600 sec
Allowable ratio of Sr/Cs: 100



  

Summary
　We performd production and measurement of 
prototype.

Effective area: 30 x 10 cm2

90Sr sensitivity: 2.8 x 10-3 Hz/Bq
137Cs sensitivity: 6 x 10-6 Hz/Bq
BG noise ratio: 0.28 Hz
Sr/Cs ratio: 500
Position uniformity: 96%

Limit of detection : 8 [Bq/kg]
Sample size: 30 x 10 x 1 cm3

Monitoring time: 600 sec
Allowable ratio of Sr/Cs: 100
Reliability of 99% or more

The counter has a limit of detection of satisfies for the 
reference value.

Further improve the sensitivity of 90Sr and a practical trial 
production run is expected.



  

PMTs

Thank you for your attention

Prototype

Effective area : 30 x 10 cm2

90Sr sensitivity : 2.8 x 10-3 Hz/Bq
137Cs sensitivity: 6 x 10-6 Hz/Bq
BG noise ratio 0.28 Hz
Sr/Cs ratio: 500
Position uniformity : 96%
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Cherenkov counter for 90Sr/137Cs
with aerogel radiator

90Sr/90Y90Sr/90Y

β-ray：0.55MeV
β-ray：2.28MeV

137Cs137Cs
95%
　β-ray：0.51MeV
　γ-ray：0.66MeV
5%
　β-ray：1.17MeV

The maximum energy of beta-ray from 
137Cs as threshold is 1.17 MeV. It mean a 
radiator requires index of less than 1.049 
and 1.017 or more.

The earogel radiator can be 
decide the index of region to 
1.003-1.3 at time of production.
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Aerogel 

In order to not react on beta-ray from 137Cs 
with the maximum energy of 1.17 MeV, aerogel 
radiator requires index of between 1.017 and 
1.049.
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By using 0.2 mm in diameter, 
the trigger has thinner.

Scintillating Fiber trigger

Tr1 :: eff 〜70%
Tr2 :: eff 〜68%
Tr1∩Tr2 :: eff 〜54%
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Veto scintillator

N
p.e.

〜6.6 [p.e.]

A size of scintillator is 400 x 200 x 5 
mm3. The veto counter is composed of 
the scintillator, WLS fiber light guide 
and a small PMT. 



  maximum range for β-ray 
from 137Cs is 2mm.

137Cs

137mBa

137Ba

β
Max

: 0.512MeV

β
Max

: 1.174MeV

maximum range for β-ray
R=0.542E/MeV – 0.133 [g/cm2] (E>0.8MeV)
R=0.407(E/MeV)1.38 [g/cm2](0.15<E<0.8MeV)

E:電子の運動エネルギー[MeV]

Density of aluminum

ρ=13.4g/5/5/0.21
　=2.55[g/cm3]

R
1
=0.542*1.174-0.113=0.503

R
2
=0.497*0.5121.38=0.162

L=R/ρ
L

1
=0.197cm

L
2
=0.0635cm

calculate

Calculate of maximum range for β-ray
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