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Preparation of LS Samples

® Sodium -22
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*%

22Na master solution: Activity concentration of about 11.6 MBqg/g
Carrier: about 25ug/g NaCl in HCI (0.1 mol/L)

Quenching agent: Nitromethane (CH;NO,)

Scintillator: Ultima Gold LLT
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® Tritium (tracer)

+* A set of 3H samples were prepared in the same way




Impurity check of 22Na solution

No y-emitting impurity
22Na: 511 keV was detected.
: 22Na: 1274 .5 keV
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The procedure of the CIEMAT/NIST Method

Calculate [ £ (ﬁ) j Universal curve Quench curve of *’Na

Tracer: 3H ———) [i(rSIE)j —F—) [ENa-zz(fﬁE)j

Measure [NH_3 (fSIE)j

Calculate (Sm-zz (/’L)j

Radionuclide to be analyzed: 22Na

Measure [ENa-El (ISIE)] — AN3-22 =

ﬂlNa-?_2

ENa22 "N




2.1 Measurement details

LS spectrometers: PerkinElmer Tri-Carb 3100TR

Quench indicating parameter : tSIE

5 cycles of 20 minutes per source

At least 10° counts for each source
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2.2 Efficiency calculation

+* Decay scheme of Na-22

22
1iNa
v Emission intensities 3 0 2602082
per 100 disintegrations
EC B+
ﬁ
2 9 1274577 9.64% 90.3%
0.00524 ns
0* 0 0.00098% 0.055%
Stable A
22
ioNe
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2.2 Efficiency calculation

Decay data of Na-22

+¢* Nuclear data of Na-22 (Cited from DDEP)

2 Nuclear Data

Typ(*?Na) : 26020 (8) a
QT(FNa) ;284302 (21) keV

2.1 Electron Capture Transitions 2.2 [* Transitions
Energy  Probability Nature lg ft Py Py Energy  Probability Nature lg ft
it . 100 keV x 100
cu 156844 (21) 9,64 (9) Allowed 741 0,923 (4) 0077 (4) iy 546,44 (21) 90,30 (9) ~ Allowed 74
o 2843,02 (21) 0,00098 (25) Unique 2nd Forbidden 14,91 Bop  182102(21) 0,055 (14)  Unique 2nd Forbidden 14,9

2.3 Gamma Transitions and Internal Conversion Coeflicients

Energy Poytce Multipolarity a7 o gy
keV x 100 (107%)  (107%)  (107%)
T10(Ne) 1274577 (7) 99,94 (13) E2 6,36 (9) 6,71(9) 2,34 (3)
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2.2 Efficiency calculation
Decay data of Na-22

+* Atomic data of Na-22 for efficiency calculation using the KLM rearrangement
model

Name of parameter Symbol Value Reference
: 0.0152
Fluorescence yield 2K Bambynek-1972
oy 0.0001
P 1
Relative probabilities of the K Auger PKLL 0
electrons (sum=1) PKLM E. Schonfeld and H. Janp
_ _ Ko 0 en-1996
Relative probabilities of the L Auger p 0
electrons (sum=1) LMM
Relative pI’ObabI|ItIEi of the K X-rays Pk 1 Firestone (1998)
(sum=1) Pum 0
Relative probabilities of the L X-rays .
(sum=1) Pim 0 Firestone (1998)
ExiL 0.8268
Average energies of the Auger Exim 0.8484 Larkins (1977)
electrons Exmm 0.8701
ELmm 0.0216 Larkins (1977)
E 0.8486 i
. < Firestone (1998)
Average energies of the X-rays Exm 0.8701
ELm 0.0216 Firestone (1998)
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Sheet1

		Name of parameter		Symbol		Value		Reference

		 Fluorescence yield		ωK		0.0152		Bambynek-1972

				ωL		0.0001

		Relative probabilities of the K Auger electrons (sum=1) 		PKLL		1		E. Schönfeld and H. Janβen-1996

				PKLM		0

				PKMM		0

		Relative probabilities of the L Auger electrons (sum=1) 		PLMM		0

		Relative probabilities of the K X-rays (sum=1) 		PKL		1		Firestone (1998)

				PKM		0

		Relative probabilities of the L X-rays (sum=1) 		PLM		0		Firestone (1998)

		Average energies of the Auger electrons		EKLL		0.8268		Larkins (1977)

				EKLM		0.8484

				EKMM		0.8701

				ELMM		0.0216		Larkins (1977)

		Average energies of the X-rays		EKL		0.8486		Firestone (1998)

				EKM		0.8701

				ELM		0.0216		 Firestone (1998)
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2.2 Efficiency calculation

Code and parameters

* Decay type : Pure Bata deacy e Decay type : B*/EC decay
e Code: CN2003 e Code: CN2003

e Electron-capture transition atomic
rearrangement model: KLM

e Computation of ionization quenching function
(1) The ionization quenching parameter: KB=0.075
(2) The stopping power values(default)
(3) Scintillator composition, density (modify to Ultima Gold LLT)




Effciency of H-3

The procedure to obtain the counting efficiency for Na-22

(a) The theoretical counting efficiency curve of 3H

0.60

m Effciency of H-3
Polynomial Fit of Effciency of H-3

Effciency of H-3 ' Intercept
Effciency of H-3 B1
Effciency of H-3 B2
Effciency of H-3 B3

T I T I T
22 24 2.
Free Parameter
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(b) Experimental quench-correction curve of 3H

Effciency of H-3

0.44

0.42 -

0.40

0.38

0.36

m Effciency of H-3
—— Polynomial Fit of Effciency of H-3

0.34 1
032 = Model Polynomial
Adj. R-Square 0.99915
Value Standard Error
Effciency of H-3 ' Intercept -0.04748 0.17964
030 - Effciency of H-3 Bl 0.00146 0.00135
Effciency of H-3 B2 -1.43251E-6 3.33152E-6
Effciency of H-3 B3 8.22707E-10 2.72347E-9
O- 28 I T I T I T I T I T I T I T I T I T I
320 340 360 380 400 420 440 460 480 500

tSIE

(o))
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Free Parameter

1.7 -
Model

1.6+ Adj. R-Squa

-1 Free Param

Free Param

Free Param

15 N Free Param

Polynomial
0.99915
Value Standard Er
Intercept 6.60128 0.92223
Bl -0.02527 0.00691
B2 4.51093E-5 1.71028E-5
B3 -2.99366E- 1.39813E-8

B Free Parameter

—— Polynomial Fit of Free Parameter

|
300 320

|
340 360

| | |
420 440 460

|
480
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(d) The theoretical counting efficiency curve of ?2Na

| ! | ! | ! | ! | ! | ! | ! | ! | ! | ! | ! | ! |
0.913 | i
m  Effciency of Na-22
- Polynomial Fit of Effciency of Na-22
0.912 -
N - -
N 0.911
@ i
Z
%5 0.910- -
> i
c
,% 0.909 -
= i
L
0.908 -
’ Mo_del Polynomial
0907 N A Fesauar %% Value Standard Err N
Effciency of  Intercept 92.38282 0.02495
n Effciency of | Bl -1.8608 0.05218
Effciency of = B2 0.98428 0.03899
- Effciency of = B3 -0.25794 0.01239 -
O. 906 Effcienc;l of B4 0.02494 0.00142

| | |
10 12 14 16 18 20 22 24 26 28 30 32 34
Free Parameter
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(e) Computed quench correction curve of 22Na

Effciency of H-3

0.44

0.42 -

0.40 -

0.38

0.36

0.34 -

0.32 1

0.30

0.28

m Effciency of H-3

Polynomial Fit of Effciency of H-3

Model
Adj. R-Square

Polynomial
0.99915

Effciency of H-3 ' Intercept
Effciency of H-3 B1
Effciency of H-3 B2
Effciency of H-3 B3

Value

-1.43251E-6
8.22707E-10

Standard Error
0.17964
0.00135

3.33152E-6
2.72347E-9

| |
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|
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| | |
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|
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3.1 The stability of the counter

a. The stability of tSIE in the measurement

399.5 T T T T T T T T T T

2000 . | = Sample H6| |

398.5 -

398.0 1

397.5 4

tSIE

397.0 1

396.5 -

396.0 1 -

Number of repeats
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3.1 The stability of the counter

tSIE

tSIE

tSIE

a. The stability of tSIE in the measurement

467.5- m Hl
—— Stirling of tSIE
67.0
665
66,0
T T T
6 8 10
Number of repeats
122
u H4
—— BxpDecl of tSIE
220
8 . . .
6 8 10
Number of repeats
m H7
50 —— ExpDecl of tSIE
388
387
386
.
.
85
T T T
6 8 10

Number of repeats

tSIE

tSIE

250
a9
48]
247
T T T T T
2 a 6 8 10
Number of repeats
m H5
—— ExpDecl of tSIE
416
415
214
a T T T T T
2 4 6 8 10
Number of repeats
m H8
—— ExpDecl of tSIE
381 Bl
380
379
378
T T T T T
2 4 6 8 10

Number of repeats

tSIE

tSIE

tSIE

m
—— ExpDecl oftSIE

307

Number of repeats

W H6
—— ExpDecl of tSIE

367

Number of repeats

m Ho
—— BxpDect oftSIE

Number of repeats

(rd)
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3.1 The stability of the counter
b.

tSIE

tSIE

tSIE

The stability of counting rates in the measurement

155000 —-Hl
——H2 —-H3
157500 - 193500
154500
157000 193000
154000
W 156500 - W 192500
i) Q
153500 156000 4 1920004
1530004 155500 4 1915004
T T T T T T T T T T T T T T
2 4 6 8 10 2 4 6 8 10 4 6 8 10
Number of repeats Number of repeats Number of repeats
- H4 129207 - H5 —m-H6
134500 129000 4 7
128800 152800
128600 -
134000 152600 |
128400
W 128200+ W 152400
133500 [7) @
128000
152200
127800
) 127600 152000
127400 151800
132500 T T T T T 127200 T T T T T T T T T
2 4 6 8 10 2 4 6 8 10 4 6 8 10
Number of repeats Number of repeats Number of repeats
107400 93400 - 113000
——H7 —H8 ——H9
107200
932004 112500
107000
106800 93000 -
112000
106600
W 928004 w
@ @
1064004 = 111500
92600
106200
106000 90400 111000
105800
T T T T T 92200 T T T T T 110500 T T T T
0 2 4 6 8 10 0 2 4 6 8 10 0 4 6 8 10
Number of repeats Number of repeats Number of repeats
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3.2 Results and uncertainty

The activity concentration of 2Na

Sample No. tSIE Efficiency r;gz:]tiig-gl) Mass(mg) A(kBg.g™)
Blank 491.8 258

N1 518.5 0.9106 550407 31.96 315.07
N2 507.5 0.9105 601448 36.42 302.17
N3 465.4 0.9102 386208 23.82 296.68
N4 447.6 0.9101 360278 22.23 296.58
N5 424 .4 0.9099 509733 31.46 296.62
N6 396.5 0.9097 373332 23.04 296.66
N7 369.2 0.9095 341983 21.12 296.51

Relatively standard deviation of N3 to N7 0.02%
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3.2 Results and uncertainty

S 318- | | | | o N
= | —e— Activity N, o f
4
< 312 -
S . .
S 306 N, |
c
(] 7 s 7
O 1 . . o . < 1
2 294 - -
S | |
3% \ ‘ \ ‘ \ ‘ \ ‘ \ ‘ \ ‘ \ ‘ \ ‘ \
360 380 400 420 440 460 480 500 520 540
tSIE
0-920 T T T T T ‘ T ‘ T ‘
—u— Efficiency
& 0.915 -
C
@ N, N, N5 Ny N N, N
D 0910 . . . S == i
0.905 ‘

T T T T T T "~ T " T T T
360 380 400 420 440 460 480 500 520 540
tSIE
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3.2 Results and uncertainty

Uncertainty components®*, in % of the activity concentration, due to:

Factor U(a)/a in% Remarks

Counting statistics 0.05 Standard deviation of mean of 5 samples,
including the source dispersion.

Weighing 0.09

Background 0.03

Dead time 0.10

Quenching 0.04

Tracer(H-3) <0.01

Input parameters and 0.19 Standard deviation of efficiencies with changes

statistical model of input parameters

lonization quenching 0.03 Calculated from the maximum entropy

and kB model principle, considering the changes of kB values
from 0.006 to 0.014 cm-MeV~!

Combined uncertainty 0.23 quadratic sum of all uncertainty components)
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» The problem of quench indicating parameter tSIE

(1) The tSIE seems to be affected by the y rays from Na-22 source.

Sample No. tSIE Cl':ﬂ\l')oz Efficiency
Blank 491.8 0
N1 518.5 0 0.9106
N2 507.5 20 0.9105
N3 465.4 50 0.9102
N4 447.6 70 0.9101
NS 424 .4 100 0.9099
NG 396.5 150 0.9097
N7 369.2 200 0.9095




» The influence of quench(tSIE) for Na-22 effciencies

L The contribution of y-rays to overall effciency was taken into
account in efficiency calculation.

1 But the deviation of tSIE due to y-rays was not considerded.




> The influence of tSIE for Na-22 effciencies

o126 — —
only a very small impact

AN

N

(4]

Z

IS

P

& 0.9100- _

O

O

{7

0.9075 T . T . T . T . T .
320 360 400 440 480 520

tSIE

The tSIE was varied over a range from 321-494, which corresponds
to 2°Na efficiencies from 90.95% to 91.06%.
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» The influence of tSIE for EC-y nuclides for example: Mn-54

M7 T T T T T

0.42

significant impact which
can not be ignored

0.40
0.38

0.36

Effciency of Mn-55

0.34
0.32 1

0.30

0.28 — 1T ' T ' T ' T ‘'t T _‘* T _‘* T _ * T * T *+ T 7
300 320 340 360 380 400 420 440 460 480 500 520
tSIE

The tSIE was varied over a range from 321-494, which corresponds
to 2°Na efficiencies from 30.0% to 42.2%.
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» The problem of tSIE

(2) The tSIE of N, and N, are over the upper bound of quench correction curve

tSIE lower bound:321 tSIE upper bound:494
320 I! I ! I ! I ! I ! I ! I ! I ! I I I ! I
| |
S ! | —#— Acticity Concentration (kBg/g)] | N
= - - 1
g 3154 | | N
X i i
= i i
L ! !
8 8l0H i i
£ i i
8 i i What can we do?
S 305 | i .
© i i
Z | i
T 300 - :
g | oo N N |
i i
: ¢ :
2054 | 4
i i
i i
! !
290 T T T T T T T T T T T T T 1 T
320 340 360 380 400 20 440 460 480 500 520
tSIE
¢ 2 D TEITEHEHZHR
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» The influence of kB values for CIEMAT/NIST method

[ In some of the early CIEMAT/NIST method literatures, different
values of Birks’ parameter, kB, have been reported by various

authors.

O But it doesn’t matter for pure B-emitters, because the
efficiencies were calculated twice in the procedure and enabled
us to establish a link between the counting efficiencies of the
two radionuclides (tracer and nuclide under study).

1 Owing to cross-correlations, relative calculations are more likely
to exhibit less uncertainty than absolute estimations due to the

cancelation effects.




» The influence of kB values for CIEMAT/NIST method

O For CIEMAT/NIST method, although sometimes the kB value used

in the calculation may be not the optimal one, but it has little effect

on the result for pure B-emitters.

96

95

The effect of kB can be

neglected L
[ d ...
P - kB=0.0075
o . kB=0.012
.' ‘.
’.
.'.
.’.'
.".
.‘..
T v T v T v T v T v T v 1
25 30 35 40 45 50 55 60
Eff(H-3)
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» The influence of kB values for CIEMAT/NIST method

1 However, for EC decay nuclides:

for example: Ca-41

0.60 T T T T T ] 1 1 1 1 1 1 1 1 1
] . 0.30]
055 . il
050 - el ’ ] 0.25-
;" '.I.. d ;‘ 4
8 o045 1 8 o020
G . ] 5
o) o’ ]
g %7 - ] g 0.15-
= ] e ] 2 ]
Y0354 s ] - KB=0.0075 fe55t
1 , .p'. 1 0.104 - Eﬁm fesstac |
030 S - kB=0.0075| ' —ieoomrcreos |
0.25 e L A I T T~ T T T " T " T T+ T " T ©* T ©* T 7
0.05 0.10 015 0.20 025 0.30 015 020 025 030 035 040 045 050 055 0.60 0.65
Efficiency of H-3 Effciency of Fe-55
The effect of kB can be neglected The effect of kB is obvious
T8 i 2 H Rz
(”D Etif%lll-rstitute of Melrcl;logy.Chi:g



> The influence of kB values for 22Na effciencies

0.9105

0.9100 -
0.9095 -
0.9090 -

0.9085 -

Effciency of Na-22

0.9080 -

0.9075

0.9070

only a very small impact

—— kB=0.0060

——kB=0.0120

——kB=0.0075| ]

——kB=0.0140, -

0.25

There is a very small difference of using different kB values, within 0.03% in

the whole interval..

0.30

0.35

T T T T
0.40 0.45 0.50 0.55

Effciency of H-3

0.60
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Conclusions

L Influence of tSIE

(1) IftSIE values are in the interval of quench correction curve,
the influence of tSIE to %°Na can be neglected.
(2) If tSIE values are out of range of quench correction curve, the

data could not be used.

] Influence of kB values

(1) The kB values are of only minor importance for 2°Na effciency

calculation.




Thank you for your attention!
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