2.1

235

-222

Isotopic
Name
-238
Th-234
Pa-234m
-234

-222
-219(Rn-219)
-220 thoron
-235
-220
-220 -222
-222
1
21
Historical Half Lif
Name
Uranium | 447 X 109y
Uranium XI 2414d
Uranium X2 117 min
Uranium II 244500y

222(Rn-222)

actinon

-232

-232

20

Uranium-238

219

-219

-238
5

Lead-206 1

Principal radiations and energies(MeV)

a 4.198(77%) 4.149(23%)

p 0.198(72%)
0 2.29(98%)

a 4.173(72 %) 4.721(27%)



Th-230
Ra-226
Rn-222
Po-218
Pb-214

Bi-214

Po-214
Pb-210
Bi-210
Po-210
Pb-206

2.2

Property
Atomic number

lonium
Radium
Radon
Radium A
Radium B

Radium ¢

Radium ¢
Radium D
Radium e
Radium F
Radium G

75,000y
1,600y
382d
3.11 min
26.8 min

198 min

16X 104
23y
501 d
138 d
Stable

-2222

Boiling point at normal temperature and pressure
Density at normal temperature and pressure
Coefficient of Solubility at atmospheric pressure in water at the temperature

of:
0°c
20°C
37°c
100°c

Coefficient of solubility at atmospheric pressure at 18°c in:

Hexane
Olive il

Petroleum (Liquid paraffin)

Toluene

Condense data derived from NCRP (1988)

a 4.688(76%) 4.621(23%)
a 4.785(94%) 4.602(6%)
a 5.490(100%)
a 6.003(100%)

P 0.65(50%)
v 0.295(199%) 0.352(37%)

v 0.609(46%) 1.120(15%) 1.765(16%)
a 7.687(100%)

P 0.015(81%)

P 1.161(100%)

a 5.297(100%)

none

Value

8

61.8 °c
9.96 Kg/m3

0.57

0.250
0.167
0.106

16.56
29.00
9.20

1324
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2.2 (Liquid Scintillation Counter) 4

.. 1950 Reynolds  Kallmann (1950)

( )
Internal - Sample (scintillator)
(solvent) (vial) 20
2 21
(low hackground counting system)
Sample via
Anode Phofocathode

ode No 3
Fig. 5.1 I'hoiomuhiplicr lubes wilh sample vial. el

2.2



(photon) (photoelectron)
(photocathode” (dynode)
(anode)
2
2.3
2.3 4
2.3 (sample vial) 2
pulse summation circuit (SUM)
2 100 % 2
coincidence circuit AND
2

linear gate (electronic noise)



lingar gate (pulse height analyser)
(Multichannel Analyzer; MCA)

-14
(Pulse Shape Analyser; PSA)
2.3 %
(solvent)
(solute) (cocktail)
(toluene) (xylene) (benzene)
(scintillator) PPO (2,5-Diphyryloxazale) PBD
(2-pheryl)-1,3,4-Oxadiazole)
2.4
(liquid scintillation  solution)
(organic ~ Solvent)
71-Electron 2.5
( )

(excited State)
(ionization)

(ground state)
71-Electron Model X 2.6 vibrational



energy vibrational energy excited state single X
IX X Internal
Conversion (1C) ( 102 )

X 2
deexcited (x (fluorescence) solvent

fluorescence ,
(wasteful-process)
X ( )
()
T -Electron
(solvent) 2.6

singlet state (spin 0) 0, 2.
triplet state (spin 1)

singlet state
fluorescence : 10- 20 nsec .
triplet state
phosphorescence
200-300 nsec 2.5



Radioactive decay  Solvent Fluor nght

24 5
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25

lonizing particle

26

Singlet
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lon recombination

Solvent-solvent migration and

diffusion

Triplet
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24 (solvent)7
(

L

2

3

4

“emulsive scintillator”

(fluorescence)

(xylene) (toluene)

(surfactant)

12



2.3

Solvent

1,2 4-Trimethylbenzene
p-Xylene
Toluene
Benzene
Dioxane

Cyclohexane

25 (Scintillator)4

Scintillation Yield *

Struct i
fucture (with 3 ¢/L PPO)
. : 112
-® - CH o
o I 100
® &
(X - )
0 2

maximum sensitivity

(quenching)
2 (secondary scintillation)

13



2
(self quenching)
3

wavelength shifter 4

butylphenyl)-5-(4-biphenyl)-1]

24
Name
PPP
PPO
PBD
Butyl PBD
POPOP

14

PPO (2,5-iphenyoxazole) butyl-PBD [2-(4-tert-

Formula

O101I®
OUO-O&
2-

G1y; 1ML O

1

415

Relative light output
1

101
128
128

360

25



25 2

Name Formular

POPQOP

- 0-0%

Optiscint Hisafe ~ Wallac

2.6 (quenching)

I} (chemical quenching)
cocktail

2 (color quenching)

3 (optical quenching)

(sample vial)

Conc.(g/L)

0.05-0.2
15
05

Average wavelength
(nm)

415
425

415

UltimaGold Packguad

cocktail

15

cocktail



2.1

(interference)

(standard guench solution)

(pulse shape discrimination)

16



17

2 A 60 2 A 6 e

ALPHA ENERGY SCALE

2.1 (pulse height spectrum)

o o o o

(Scintillation Solution) (pulse height analyser)
Ta specific ionization

specific ionization
7

specific ionnization
Ic



28

10 8

2.9 294
Conversion; TAC)

PSA 2.10
2.10

29 a logic shaper and delay

1d

time pick off

18

(PSA)

(Time to Amplitude

29b

decay time

29 d

(preamp)



19

' 30 - 40 nsec % time
analyser ~ time to amplitude converter
29 C
MCA time spectrum 29
29 (PSA) D

a

b

C (clecay time)

d



ENERGY

ANALOG
SIGNAL

2.10

20

TIME ANALOG
SIGNAL

(Pulse Shape Analyser)D



»tm 1] Y

2
2.8 (Pulse Shape Analyser)D
pulse shape  discrimination
(neutron spectroscopy) pulse shape discrimination
2
prompt delayed 2
! cocktail
cocktail
26 singlet state triplet state
singlet deexcited (ground state)
108
prompt delayed
spin singlet state triplet state
Vibration Relaxation triplet state
(phosphorescence) 103

(high specific ionization)

singlet state triplet state
delayed decay time
294
29

2.9 (solvent extraction) 1L



Cogfficient; Dm) 1

Dm

[m]!
[M]2

Dm= [m] 1/ [m]2

2

M
(Distribution
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