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Development of New a-ray Measurement Methods with Radon Suppression
Focused on Pulse Time Interval
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Kazuhiko NEMOTO*1, Keiichi KAWAI*2, Hirohide KOBAYASHI
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An a-ray measurement methods based on analyzing the time interval of pulses was newly
developed. This method was developed aiming to suppress the background counts originated
in progeny of uranium series. A delayed coincidence and time interval analysis (TTA) methods
have been applied to measure o—f decay successive events (correlated events) on microsecond
time-scale (164pus). The measurement system with such functions using silicon detectors was
developed intending to shorten the dead time.

" The basic performance of the system was examined by using 20Th electrodeposited
sources. '

Follows were obtained in this work

- The theory of measurement 214Po using TIA methods was established.

- Measurement system of 214Po was developed. I

- Conformation methods of correlated events by using 230Th electrodeposited sources was

suggested.

- The efficiency of correlated events in aerosol samples was estimated.

- The methods to measure correlated events was indicated by addition of 230Th.

The method will be adopted to a measurement of radiation protection, after considering an

effect from the progeny of the thorium series.

Keywords: Time Interval Analysis, o-spectrometry, Dead Time, 214Po, Pu
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Tablel ES TED DN TWAZERF A EDERE
TRy 12 4E 10 B 23 BRMEEINTERE S 5 BIRE 1

140 B4 st
T RN TESR D FEAE ZRPRERE | PR UIERFT D

e (bEepes (Ba/cm®) P4 BEFREE (Bg/cm)
Am-241 FTRTOLEY 8x107 3x107?
Pu-239 TEHEDOBALM LS DILEY 7x107 3x10”
U-235 REMEOBL 3x10° 2x107
Co-60 B, KL, ~a b a R ORHERE 1x10° 4x10°°
Sr-90 FEUBANIF T BLUNDILEY 7x10™ 5x10°
I-131 ER 1x107 5x10°
Cs-137 TLTDIEY 3x107 3x10°
Bi-212 MR A~v ALADILEY 1x10° 1X10°
Bi-214 B A= AL DL EY 1x10” 9Xx10°
Po-218 ELA KER LR O ERIE 7x10° 5%10°
Pb-212 TRTOEY 6x10™ 6X10°
Pb-214 T RTOEY 4x10” 4x10°
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Table2 Dust Sampling

HH i
55 A K Glass-Cellulose fiber filter

HE-40T (L% 8um)

ISR s

£ BUHA 1B
ZERENE 70L/min
PEHE BURE SEERSEITHE (MP)

FALEERS: 458 WUk

LSHFR (CB): 318 3%k}

BEEEMALIRY: (AAF): 253 3k
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Table3 Si semiconductor detectors

No Detector Active Depletion HV Production
Type Area Depth W)
(mm?) (um)
1 PIPS* 450 100 70 Canberra
2 SSB** 450 100 50 Ortec
3 SSB** 450 2000 350 Ortec
4 SSB** 2000 100 50 Ortec

*PIPS: Passivated Implanted Planar Silicon Detectors
**SSB: Totally Depleted Silicon Surface Barrier Detectors

Table4 Comparison of efficiency of correlated events by difference detector

No | Depletion | Detector | Active Detected Count rates of Efficiency of
Depth Type Area 214Po Count | short time interval | correlatied
(um) (mm?) | rates(s?) | (0-1mg) (s) events (%)

1 100 PIPS* 450 2.54 0.81 32

2 100 . SSB** 450 1.61 0.16 10

3 2000 SSB** 450 1.65 0.42 25

4 100 | ssB** | 2000 2.73 1.05 38

*PIPS: Passivated Implanted Planar Silicon Detectors
**SSB: Totally Depleted Silicon Surface Barrier Detectors
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222RII 220Rn
(3.82d) (54.55s)
l a 5.49MeV l o 6.29MeV
2181)0 216P0
(3.05m) (145ms)
l o 6.0MeV l o 6.78MeV
214Pb 212Pb
(26.8m) (10.6h)
l B 0.67TMeV l B 0.58MeV
214Bi 212Bi
(19.7m) 0.6.05Mev| (00:51) g5 55p ey
B 3.26MeV 36% 64%
2141)0 208T1 212P0
(164us) (3.1m) (299ps)
a. 7.68MeV 8 1.8MeV o 8.78MeV
210Pb 208Pb
(22y) (stable)

Uranium series

Thorium series

Fig. 2 Decay series of Uranium and Thorium
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10*
A
10°
- Pu Po-214
=i 2
310
o
10'
10° L
0 2 4 6 8 10
Energy (MeV)
U isotopes Pu isotopes U series Th series
nuclide o-ray nuclide o-ray nuclide o-ray nuclide o-ray
energy energy energy energy

U234 | 4.78 MeV | Pu238 | 5.50 MeV | Po218 | 6.00 MeV | Po216 | 6.78 MeV
U235 | 440 MeV | Pu239 | 5.16 MeV | Po214 | 7.69 MeV | Po212 | 8.79 MeV
U238 4.20MeV | Pu240 | 5.17MeV

Fig. 3 Example for a-spectrum of dust sample (Coexistence Pu and Rn-Tn) and

summary for a-ray energy and main radioisotope.
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]
I 0-1 . : N . N .
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Elapsed time (min)

Fig. 4 Example of a-ray counts with elapsed time of dust sample
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Fig. 5 Radioactivity ratio of 222Rn (Rn) progenies and 220Rn (Tn) progeny
(Work place of reprocessing facility, Excluding the uranium treatment facility)
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Fig. 7 Theoretical time interval spectrum by single time analysis
(Relation between half - life and time interval spectrum)
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Fig. 8 Multiplication at time interval unit
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Fig. 9 Theoretical time interval spectrum by single time analysis
(Relation between counts and time interval spectrum)
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1
10 .
Th-230 4.69MeV
B-ray Ra-226 4.78MeV
0 l ;f' Rn-222. 5.49MeV
- 10 : [ :
& ' -218 6.00MeV
2 Po-214 7.69MeV
- |
g 10 '
g L .. ' g
= ==, 2 O
O 102 Fod X )
107
2 4 6 8 10
Energy (MeV)
oA BRR AL A
i Maximum of
Nuclide | Half Lived ei:fy nuclide | Half Lived B-ray energy
&y (Emission rate)
Th230 7.5X104y 468MeV. | Pb214 26.8m 0.67 MeV (48.9%)
Ra226 1.6X103y 4.78 MeV 0.73 MeV (42.2%)
Rn222 3.82d 5.49 MeV Bi214 19.9m 1.51 MeV (17.0%)
Po218 3.10 m 6.00 MeV 1.54 MeV (17.8%)
Po214 164 ps 7.69 MeV 3.27 MeV (18.2%)

Fig. 11 a-spectrum of 230Th electrodeposited sources
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Fig. 12 Deadtime of measuring mode
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(Deadtime: The maximum time interval when input pulse is not counted)
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13 Time interval spectrum of 230Th electrodeposited sources
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Fig. 14 a-spectrum of dust sample
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Fig. 15 Time interval spectrum of dust sample
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Fig. 16 a-ray total counts and ratio of correlated events counts to total counts with
elapsed time of dust sample
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Fig. 17 Time interval spectrum of correlated events
and additional random events.
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Radioactivity of additionnal random events (Bq)

Fig. 18 Relation between additional radioactivity and calculating ratio of
correlated event counts to total counts
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Fig. 19 Time interval spectrum of random events
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Fig. 20 Relationship of radioactivities between 230Th added as standard and

214Podetermined by time interval analysis



