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Here, a short description of the procedure can be given: [@|Help

Simultaneous determination of Sr-89/5r-90 using an LSC with three energy regions, A, B and C, where the estimation of the
chemical Sr yield from added Sr-85 is included (DWD).

Source: Final Report FS-88-147-AKU of the Sr working group within the AKU (2868); Appendix A 3-3, pages 166-172 (only 1in
German available)

Here, the method of linear unfolding (inear LSQ fitting) 1s used for the determination of the three compeonents, Sr-29,
Sr-96 and Sr-85. The data_of this example relate to Dr. Frenzel (DWD) who prepared the chapter in the AKU report, which
is, however, not 1dentical to that given in the AKU report, pages 198-200.

The linear unfolding is described by the following equations:

‘count.channel A: net_count_rate Aft) = Fitpl = X1(t) + FitpZz * X2(t) + Fitp3 * x3(t)
(count.channel B: net_count_rate_B(t) = Fitpl * X4(t) + Fitp2z * X5(t) + Fitp3 * X6(t)
tcount.channel C: net_count_rate_C(t) = Fitpl = X7(t) + Fitp2 * X8(t) + Fitp3 * X9(t)

{The linear unfolding results in the activities (Bg) of Sr-89, Sr-96 and Sr-85 given by the fitting parameters Fitpl, Fitp2
jund Fitp3, resp., and 1in their covariance matrix (shown as three pairs of correlation coefficients). For calculating the
decay corrected activity concentrations these fitting parameters are then used; 1f two of them are contained in the same
fequation, the covariance 1s taken into account.

{In this project version, the reference date for Fitpl, Fitp2 and Fitp3 was shifted from the beginning of the 1st
imeasurement to the time of ¥/Sr separation. This resulted in signifcantly simplified equations for x2(t), x5(t) and x8(t)
Jas compared to the first version (V1) of this project.

:In this example the decay function fd() 1s used by which the expressions of the decay factors X1(t) through X9(t) are
{significantly reduced.
1

1
3

Project: D:\GF_Pros\URZ\DWD-LSC-3kanal-v2-fd_EN.txp Describe procedure by text, then: TAB "Equations”

v semt ot et e e e e8P 58 8 e it et

% and Nuclear Safety (BMUE). and no responsibility is taken for emerging demands

Close

File selection

includes a RecentManager

Start window

TAB Procedure

Text field for leaving notes
about the procedure of the
current project

It refers to a procedure
using linear unfolding
(linear weighted LSQ) for
simultaneous
determination of Sr-90,
Sr-89 and Sr-85, measured
10 times in three LSC
energy windows



Options

Selection:
| () Quantiles
Error probabilities
Quantiles Error probabilities
k-alpha |1.644 zlpha 0.04599996
1 k-beta |1.64485 beta 0.04999996
H load values

'
Probablility for confidence
| interval (1-gamma)

i Coverage factor

0.950
1.0

| Detection limit method ISO 11929:2010, by iteration
} Gamma distribution: value of GamDistadd(0:; 0.5, 1)

Options

Available from menu Edit

1.0
i
| language: | Deutsch
| List separator (CSV files): .-
]
| Q‘fﬂppl}r 2 cancel (@] Help
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Input of equations, line by ling; the fist equation defines the output quantity by other quantities, which then are
defined by auxiliary equations following the first one

Equations

cSra9 = Fitpl { (etaSr*mass) * exp(lamSr8g * (tBS - tAS))

cSro0 = Fitp2 { (etaSr*mass) * exp(lamSre0 * (tBS - tAS))

ASrgs = Fitp3 * 1.

etaSr = Fitp3 * EXP(lamSra5+({tCS - tAS)) / ({mass * 1000.) * cSra5v)

rd = Linfit{1, Rbl, eSr85A, eSr85B, eSr85C, eSro0A, eSr90E, eSre0C, eSr80A, eSri9B, eSr8oC, &
eYS0A, eYS0B, eY90C, lamSr85, lamsr90, lamSra9, lamYgo, tmess, tstart )

e Complement units and meanings below

Table of symbols:

n Symbol Type Unit Meaning

1 cSrag a Eq/kg Sr-89 activity concentration, referred to the time of sampling
2 cSro0 a Eq/kg Sr-90 activity concentration, referred to the time of sampling
3 ASra5 a Bq Sr-85 activity

4 etaSr a chemical 5ryield

5 rd a dummy variable for calling Linfit, not used in calculations

6 mass u kg sample mass

7 lamSrag u 1/s

Sr-89 decay constant

Load symbels(2) from finalized symbol table Active output quantity: cSr89

Select net and gross count rate symbols: net count rate: gross count rate:

rd - -

Accept all

Project: D:\GF_Pros\UR2\DWD-LSC-3kanal-v2-fd_EN.... Enter equations. then Button "Load symbaols from e...

Model of the decay curve:

[@|Help

TAB Equations

Writing equations
Load symbol list
Explain symbols

Reload symbol list

A O o

Select net and gross

‘| Define details of the

Linear Model: Y(t) = al*X1(t) + a2*X2(t) + a3*X3(t)
al--> Fitpl; a2--> Fitp2; a3--> Fitp3

I Which terms to fit:

Fix: quantify Fitp(i) in "values, Uncertainties"! fit Bl a aietcomponan 3 ¥ |number of counting channels (A, B. C)
fit + | a2#X2(t): second component
i fit w | a3*X3(t): third component (®) Neyman Chi Quadrat NLSQ

() Pearson Chi Quadrat PLSQ
m Like
otal least-squares TL5Q

[ apply weighted fit Poisson Maximu
EA use covariances betw. net counting rates

[ define Xj(t) separately for each measurement?

Definition of functions X1 to Xn {(n=3*nchs): Ordering: like SQL: 'ORDER BY Channel, measurement, term-number’

Equations of the form Xi = ai * i-th function Xi(t):
X1 = eSr30A * fd(tAS+tstart.tmess.lamSrgg)
X2 = esSra0A * fd(tAS+tstart,tmess lamsre0) + &
eY90A * lamY90/(lamY90-lamsrg0) * ( fd(tAS +tstart,tmess,lamSr90) - fd(tAS +tstart.tmess,lamYs90] )
X3 = eSr85A * fd(tAS+tstart.tmess.lamSrgs)
X4 = eSra39B * fd(tAS+tstart.tmess lamSrsg)
X5 = eSro0B * fd(tAS+tstart,tmess lamsroo) + &
eY90B * lamY90/{lamY80-lamsrg0) * ( fd(tAS+tstart,tmess,lamSro0) - fd{tAS +tstart.tmess,lamY20) )
X6 = eSra35B * fd(tAS+tstart.tmess lamSrss)
X7 = eSra9C * fd(tAS+tstart.tmess,lamSreg)
X8 = e5ro0C * fd(tAS+tstarttmess lamSro0) + &
eY90C * lamY90/{lamY90-lamsrg0) * ( fd(tAS+tstart,tmess,lamSr90) - fd{tAS +tstart.tmess,lamYo0) }
X9 = eSrasC * fd(tAS+tstart.tmess,lamSras)

@QK xgance\

EEE

model for the LSQ-
analysis

of a complex decay
curve

Define decay
corrections for each
nuclide and each
counting channel

number of egs:
(3 x num of channels)

counting rate symbols
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Options  Help

Procedure

Table of values, uncertainties:

Equations Values, Uncertainties Uncertainty budget Results Text Editor

Text cell for editing a \0ngerf0rmu|a|

n Symbol Type Unit Value distribut StdDevFormula StdDevValue Half width abs/rel abs.Std.Unc.
1w 2 eake [ R R

2 o 2 eak I R R

5 o : ] b
6  mass u kg 2.0060E-02 Normal 8.190E-05 abs

7 lamsraa u 1/s 1.58650E-0° Normal abs

8 tBS u s 31807080.0 Normal abs

9  tAS u s 2679300.0 Normal abs

10 lamsroo u 1/s 7.6266660E Normal abs

11  lamsras u 1/s 1.23716670 Normal abs

12 tCs u s 31807080.0 Normal abs

13 cSrasv u Bgjg  5.210 Normal 4.2540E-02 abs

Input of covariancesjcorrelations:

SymbaolA
Fitpl
Fitp2
Fitpl

SymbolB Type Formula Value

Fitp2 correlation -9.1039051
Fitp3 correlation -4.8313121
Fitp3 correlation 3.545014E

calculation of uncertainties ‘

i Project: D:)\GF_Pros\UR2\DWD-LSC-3kanal-v2-fd_EN....

Values of the decay curve:

fill out beth tables, then Butten "Calculation of uncer...

Net blank count rate: 1.0000000E-07 ‘ Help |
Date + Time of separation 01.01.2005 12:12

time basis for count-time and -rates: ‘ s - |

Date format : 01.01.2015 08:30:15

n
1
2
3
4
5
6
7

Start date
(gross)

0.

75820,
15840.
23760.
31680.
36600.
47520.

Count time ' Counts | CountRate u(CountRate) Count time Counts CountRate u(CountRate) CountRate u{CountRate)
( (BG)

(gross) {gross) (gross) (gross) BG) (BG) {BG)

{net) (net)

| calculate count rates |

‘ ggk ‘ ‘ xgancel |

TAB Values,
uncertainties

. Measured values and

associated uncertainties,
the latter also by a half-
width of a rectangular or
triangular distribution type

White cells: user input
colored cells: UR output

A priori known covariance
or correlation values may
be given here

Grid for details of the
data for deriving the
curve of count rates;

White colored cells refer to
input data (also by copy
and paste of column blocks
from Excel);

the red colored ones can
be calculated with the
button below the grid
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linfout.txt
Result of decay curve analysgis (with covariances): Method: NLSQ
I LinFit(t) = al*X1(t) + a2*X2(t) + a3*X3(r)
i t X1(t) X2 (t) X3(t) NetRate rUnc. LinFit relDev uTest
(m} (cpa) (%) (cps) (%)
1 0.00 0.01046 0.05635 0.1B986 1.75589583 0.80 | 1.77659004 -1.0 -1.0
2 132.00 0.01045 0.05635 0.1E8968 1.7680555 0.80 | 1.7763030 -0.5 -0.5
3 264.00 0.01043 0.05635 0.18949 1.7708721 0.80 | 1.7757061 -0.3 -0.3
4 396.00 0.01042 0.05635 0.18931 1.8019443 0.8 1 1.7751097 1.5 1.5
5 528.00 0.01041 0.05635 0.18912  1.8130555 0.89 | 1.7745139 2.2 2.2
€ €60.00 0.01033 0.05635 0.18893  1.7740277 0.90 | 1.7739187 0.0 0.0
| 7 792.00 0.01038 0.05635 0.18875  1.7599999 0.90 | 1.7733240 -0.8 -0.8
8 924.00 0.01037 0.05635 0.18856 1.7549999 0.90 | 1.7727289 -1.0 -1.0
{98 1056.00 0.01036 0.05635 0.lea3g 1.7880555 0.89 | 1.7721364 0.9 0.9
{10 1188.00 0.01034 0.05635 0.18820 1.7530555 0.80 | 1.7715433 -1.0 -1.1
i11 0.00 0.20940 1.04185 0.02471 22.379958%9 0.25 | 22.3612609 0.1 0.2
112 132.00 0.20914 1.04185 0.02468 22.4099399 0.25 | 22.3604945 0.2 0.5
'13 264.00 0.20887 1.04184 0.02466 22.4089333 0.25 | 22.3537279 0.2 0.5
(14 396.00 0.20861 1.04184 0.02463 22.3499999 0.25 | 22.3589613 -0.0 -0.1
j15 528.00 0.20835 1.04183 0.02461 22.309999% 0.25 | 22.3581%47 -0.2 -0.5
16 660.00 0.20809 1.04183 0.02458 22.3499999 0.25 | 22.3574280 -0.0 -0.1
17  792.00 0.20783 1.04182 0.02456 22.2899999 0.25 | 22.3566613 -0.3 -0.7
is 824.00 0.20757 1.04182 0.02454 22.3289988%8 0.25 | 22.3558847 -0.1 -0.3
1% 1056.00 0.20730 1.04181 0.02451 22.3599989 0.25 | 22.3551280 0.0 0.1
20 1188.00 0.20704 1.04181 0.02449 22.38909989 0.25 | 22.3543614 0.2 0.4
21 0.00 0.26918 0.54037 0.00707 11.9699999 0.34 | 11.9474366 0.2 0.4
22 132.00 0.26884 0.54037 0.00707 11.99999393 0.34 | 11.9466549 0.4 0.9
23 264.00 0.26850 0.54037 0.00706 12.0099993 0.34 | 11.9458723 0.5 1.0
24 396.00 0.26817 0.52037 0.00705 11.9599999 0.32 | 11.9450889 0.1 0.2
25 528.00 0.26783 0.52037 0.00705 11.9299999 0.32 | 11.9243047 -0.1 -0.2
26 660.00 0.26749 0.54037 0.00704 11.829938%3 0.34 | 11.9435187 -1.0 -1.9
27 792.00 0.26716 0.54037 0.00703 11.89595853 0.34 | 11.9427340 -0.4 -0.7
28 924.00 0.26682 0.54037 0.00703 11.52595853 0.34 | 11.9419477 -0.1 -0.2
2% 1056.00 0.2664% 0.54037 0.00702 11.919995%9 0.34 | 11.9411607 -0.2 -0.3
30 1188.00 0.26615 0.54037 0.00701 11.9899993 0.34 | 11.9403731 0.4 0.8
LinFit: al= 2.2841036 a2= 20.9323174 a3= 3.0205653 (given in cp3 !)
ral= 16.346 ra2= 0.628 ra3= 1.4286 (given in % 1)
CHiZR= 1.272E+00
Prob= 0.000002 Prob= 0.000000 Prob= 0.000000 (t-test-signific. !)

Close Save As

Project: D:\GF_Pros\UR2\DWD-LSC-3kanal-v2-fd_EN.... fill out bath tables, then Button "Calculation of uncer...

UncertRadio: Calculation of uncertainty budget and detection limits - DWD-LSC-3kanal-V2-fd_EN.txp o o x
| File Edit oOptions Help
|
| E e M = S AT
SEEEEEBEE C &I i
Procedure Equations Values, Uncertainties Uncertainty budget Results Text Editor

Change budget type

| Table of uncertainty budget for c¢Sré9 :

0w o~ @ o B W N e

n sSymbol Type Unit Vvalue stdDevVvalue Sensit. coefficient rel. contribution(%)
cSrég a BEg/kg 10898.660109 1734.8436802 0.0 100.0
cSra0 a BEg/kg 1005.0657240 20.006713354 0.0 0.0
ASr8s a Eq 3.0205653352 4.3093230557E-02 0.0 0.0
etaSr a 1.0615481046 1.7973264655E-02 0.0 0.0
rd a 2.2841036237 0.37337053813 0.0 0.0
mass u kg 2.0060E-02 3.190E-05 4.4276092706E-03 0.0
lamsrgg u 1/s 1.38650E-07 0.0 0.0 0.0
tBS u s 31307080.0 0.0 0.0 0.0
tAS u 5 2679300.0 0.0 0.0 0.0
10 lamsrgo u 1/s 7.6266660E-10 0.0 0.0 0.0
11 lamsres u 1/s 1.23716670E-0° 0.0 0.0 0.0
12 tcs u 5 31307080.0 0.0 0.0 0.0
13 cSrasyv u Eqlg 5.210 4.2540E-02 2091.8733416 0.26311465653
14 Fitpl u Eq 2.2841036237 0.37337053813 4771.5261232 102.19554252
15 Fitp2 u Bqg 20.932317421 0.13149071922 0.0 0.0
16 Fitp3 u Bqg 3.0205653352 4.3071159939E-02 -3608.152411 -2.458657179
17  Rbl u 1/s 1.0E-07 0.0 0.0 0.0
18 eSrasA u 0.26460 1.080E-03 0.0 0.0
19 eSrase u 3.4430E-02 1.4060E-04 0.0 0.0
20 eSr8s5C u 9.8580E-03 4.0250E-05 0.0 0.0
21 eSre0A u 4.7940E-02 1.9570E-04 0.0 0.0
22 eSreoB u 0.79190 3.2330E-03 0.0 0.0
23 e5Sreoc u 2.6510E-02 1.0820E-04 0.0 0.0
24 eSrggA u 1.6010E-02 6.5380E-05 0.0 0.0

Project: D:\GF_Pros\UR2\DWD-LSC-3kanal-v2-fd_EN.... fill out both tables, then Button "Calculation of uncer...

Intermediate result
from curve fitting

shown in the new Text
editor tab

(10 measurements in 3
LSC energy windows)

channel A (1-10)

channel B (21-20)

channel C (21-30)

TAB
Uncertainty budget

(relative budget
component values in %;

absolute component
values also selectable)
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Final measur{;rll;:ter:;::r?r ES:;SQ g Decision threshold and detection limit for cSr89 :
9 = Decision thresheld (DT): |2923.170 Bg/kg Iterations: 1
value output quantity: | 10898.66 Baikg Detection limit (DL): |5805.050 Bgkg  Iterations: 4
extendend (Std.-)uncertainty: 1734.844 Bo/kg
relative erw. (Std.-)Unsicherheit: 15.91795 % k_alpha=1.645, k beta=1.645  Method: ISO
11929:2010, by
Best Bayesian Estimates: iteration
| Walue output quantity: 10898.66 Eq/kg
extendend (Std.-Juncertainty: | 1734.844 Bo/kg NLSQ: standard uncertainty of the fit parameter:
lower confidence limit: | 7498.429 Bo/kg 5733705 Bq
upper confidence limit: | 14298.89 sq/kg from uncertainty propagation: |0.3733357 Bqg
Probability (1-gamma): 0.850 reduced Chizsquaned: 172723
Monte Carlo Simulation:
| number of simul. measurments 10000 [ ] values =0 included
| number of runs: 1 \:I min. Coverage interval
rsD%:
Value output quantity: Ba/kg
extendend uncertainty: Bq/kg
relative erw. Unsicherheit: %
lower confidence limit: Bq/kg
upper confidence limit: Bo/kg
Decision thresheld (DT): Ba/kg
Detection limit (DL): Bg/kg
active run: IT: Start MC
Project: D:\GF_Pros\UR2\DWD-LSC-3kanal-v2-fd_EN.... fill out both tables, then Button "Calculation of uncer...
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Final H'IEBEUI“:EITIEHt "?:‘:It T:r ;s‘:}rag . Decision threshold and detection limit for cSr89 :
overage fac OT = Decision threshold (DT): |2923.170 Bgtkg Iterations: 1
Value output quantity: |10898.66 Bakg Detection limit (DL): |5805.050 Bq/kg Iterations: 4
extendend (Std.-Juncertainty: |1734.844 Barkg
relative enw. (Std.-)Unsicherheit: |15.91795 % k_alpha=1.645, k beta=1.645  Method: IS0
) . 11929:2010, by
Best Bayesian Estimates: iteration
Value output quantity: | 10898.66 Bqrkg
extendend (Std.-Juncertainty: |1734.844 Barkg NLSQ: standard uncertainty of the fit parameter:
lower confidence limit: | 7498.429 BEg/kg from LS analysis: 0.3733705 Bq
upper confidence limit: [14298.89 Bqkg from uncertainty propagation: |0.3733357 Bg

Probability (1-gamma): 0.950 reduced Chitsquared:| 152723

Monte Carlo Simulation:
number of simul. measurments 50000

| values <0 included

number of runs: 1 [ min. Coverage interval
r5D%:
WValue output quantity: | 10879.05 Eq/kg |0.072
extendend uncertainty: | 1741.097 Bq/kg |0.316
relative erw. Unsicherheit: | 16.00413 %

lower confidence limit: | 7439.787 Eq/kg |0.280
upper confidence limit: | 14268.68 Eq/kg 0.146
Decision threshold (DT): 2895.620 Batkg |0.575
Detection limit {DL): |5795.624 Bg/kg 0.405

active run: 1 m| 11 Start MC

Project: D:\GF_Pros\URZ\DWD-LSC-3kanal-v2-fd_EN.txp Ready!

TAB Results

Stating the results
obtained by I1SO 11929
analytically in the upper
part

TAB Results

The button Save to csv
adds the values in these
fields to a permanent CSV
file

Stating the results from a
Monte Carlo simulation



MC Distributions (cSr29):

PNG Format

- Copy

Help

_2.€5r89: Output quantity (EWLS), MCsum=50000

(x10°)

(x107)
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0.6 0.8 1.0 1.2 1.4 1.6

(x10%

cSrg9: Decision threshold, MCsum=50000

-0.5 0.0 0.5 1.0

x10%

cSrg89: Detection limit, MCsum=50000

-0.5 0.0 0.5 1.0

TP TR TP |
Lk bk ki b Lk L L |

[

(x10%
UncertRadio.exe

Summary of output quantities:

Name cSri9 cSroo ASr8s
| values: 1.089866E+04 1.005066E+03 3.020565E+00 |
StdDevs: 1.727369E+03 1.395120E+01 4.307116E-02
Corr. matrix:
| cSrag 1.0E+00 -5.148927E-01 3.54060E-01
1 c5Sro0 -5.148927E-01 1.0E+00 -2.945964E-01
|| ASras 3.54060E-01 -2.945964E-01 1.0E+00

{sel. quantities: (v} c5r89 (WA cSro0 [ ASre5s [ re-scale?

xgancel

plot confidence ellipse:

PMNG Format

- Copy [ Help

rho=-0.515 pl= 4.37E+03 p2= 2.17E+01 theta(grd)=179.8:

1020

=
=
=
[=]

cSr90 f Bafky

FTT

i
|
-
|
I
I
I
I
I

T T T T T T T T T T T T
1l
i

™ H

c5ra9 / Ba/kg

£

TAB Results

MC Distributions of
output quantity,
decision threshold,
detection limit

blue curves: ISO 11929
analytically

the single graphic field may
be copied to the Windows
clipboard or to a file

Menu Options -
calculate confidence
ellipsoid

shows the correlation
matrix of output
quantities;

shows the confidence
ellipsoid for two
selected output
quantities
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Abbrechen  Altualisieren
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Startseite Drucken

-

Optionen

Q 1 Notes about installation of the program
Q 2 Contents of the Program
@ 3 First steps
= @ 4 Handling the individual TABs
[£] 4.1 TAB “Procedure”
[5] 42 TAB “Equations™
[5) 4.3 TAB “Values, Uncenainties™
[£] 4.4 TAB “Uncertainty Budget™
[5] 45 TAB “Resutts™
Q 5 Running UR in batch mode
@ 5 Special Methods
@ 7 Miscellaneous

Windows Help of UncertRadio
TAB “Results” «

Meaning of the TAB “Results”

@+ @

Under this TAB selected by mouse click the total result for the output quantity is shown including further variables
and the values of the Decision threshold and the Detection limit. The output quantity is indicated which this result

is referring to.
These are in detail:

the result of the measurement:
« the value of the output quantity
+ the expanded uncertainty, in the same unit as that of the output quantity
« the relative expanded uncertainty (in %)
» the coverage factor (can be modified in the menu Options)

best estimates according to Bayes and confidence limits (see also ISO 11929:2010):
« the value of the output quantity
» the expanded uncertainty
+ the value of the lower confidence limit
« the value of the upper confidence limit
« probability (1 — y) associated with the confidence interval

Decision threshold and Detection limit:
« the value of the Decision threshold including the number of iterations (actually no iterations)
» the value of the Detection limit including the number of iterations

+ the applied quantiles of the normal distribution, &,_, and k_beta = k,_p, corresponding to the errors of first

and second kind

LLSQ or TLSQ: Standard uncertainties of the fitting parameter corresponding to the output quantity

from the analysis of decay curve:

» the uncertainty obtained from the least squares analysis; it is NOT multiplied with \,-’Fg if the reduced Chi-

squared value is larger than 1; this variant of the uncertainty of the net counting rate is used for estimating
the uncertainty of the output quantity;

that value of the uncertainty of the output quantity which is obtained from uncertainty propagation of the
arguments of the Linfit function (i.e. mainly the background counting rate, if applicable with blank

contribution) and of the uncertainties of the gross counting rates of the decay curve
s the value of the reduced Chi-square x3
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Abbrechen Aldualisieren  Startseite Drucken Optionen

&
Ausblenden  Suchen Zunick
[£] 4.1 TAB “Procedure” -

[£] 4.2 TAB “Equations™
[£] 4.3 TAB “Values. Uncertainties™
[£] 4 £ TAB “Uncertairty Budget™
[£] 4.5 TAB “Resutts™
= (2} 5 Running UR in batch mode
@ 5.1 Using command line argume
[£] 5.2 Batch mode processing with
@ 5.3 Starting the macros
[£] 5.4 Run UR with a project edite
@ 5.5 Example of an Excel applica|
=] m & Special Methods
=] 02 6.1 Uncertainty propagation
@ 6.1.1 Methods without linear
@ 6.1.2 Extension to several ol
2] £.1.3 Applications in UR
[£] 6.2 Best sstimates according to
@ 6.3 Linear Least squares metho|
[£] 6.4 Utiizing = calibration curve
@ 6.5 Activity determination from s
[£] 6.6 Monts Carlo Simulation
@ 6.7 Low-Level Applications, (N+
= () 7 Miscellaneous
@ 7.1 Implication of changes withir|
[5] 7.2 Migorithm for numesical calc
@ 7.3 Mlgorithm for iterative numeri) =
@ 7.4 Mathematics of the linear LS
7.5 Mote on Decision threshold ¢
7.6 Notes on linear curveitting |
7.7 Within tables: insert/delete n|
7.8 Text field for equations
7.5 Edtting the symbol list
=] 7.10 Dialog "Values of decay cul
7.11 Dialog Definttion of the dec|
=] 7.12 Viewing the result from the
7.13 Calculation of the weighted
7.14 Calculation of the arithmetic
7.15 Least-squares calculation |
7.16 Approach of calculating De
7.17 Dialog Values from spectrul
7.18 Dialog Definition of energy
7.19 View of the resutt from calc
7.20 Obtaining MC distributions ¢
7.21 Selectable units of quantitie
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Applications in UR o

The case of linear unfolding is represented by several equations of the type

_yn
% = Liea AriVe
or, in matrix notation:

x=Aay 9)

Now, the desired output quantities Y are found in the right side of this equation, the input quantities on the left
side_ As it is well known, the linear least squares-method yields the solution to this problem:
y=UATU ) x

y=U,=(AaTu;'x) A (10ab)

In a next step it is assumed that the elements of the design matrix A, which e.g. consist of decay corrections
when analyzing a decay curve, may contain further parameters with associated uncertainties (given as a vector

p with covariance matrix Up). Using a transformation matrix @ containing numerically calculated partial
dervatives Q,, = dY;/dp,, an extended version of the covanance matrix U, can be calculated (this does not
change the value of y):

U, = (ATu*®) A +Qu, QT (an

For every combination v,(px £ Apy) (with Ap, =1- 107%p,) of numerical approximations of the partial
derivatives

8%, Yilputdpi)-vilpy)
dp Apy

Qu = , (12)

the matrix A, the output vector y (its elements being considered as functions) and the covariance matrix U, must
be recalculated.

This primary result (i.e. the values of the fit parameters; they often represent activity values referred to the time
of measurement) of linear may need further treatment, if the fit parameters values obtained have to be inserted
into to further equations. This is the case, if the activity value at measurement (fit parameter) needs to be divided
by massivolume and requires and a further decay correction and these new parameters (parameter vector q)
associated with these corrections have uncertainties (embedding linear unfolding). This often may not require

matrix algebra, if the corrections of the fit parameters v; consist in simply multiplying them with factors ¢; which

UncertRadio V1.09 2014/03 (G. Kanisch, TI-FI) L
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UR can meanwhile be accessed from within an Excel file

Such an example is shown below.

It reads in data of an Y-90 decay curve from a text output file of a beta counter (the Risoe GM

Counter). After re-arranging these data and importing some additional data characterizing

analytical sample data by SQL, and transferring all these data into CSV sheet (Tabelle4) of the

associated UR project (located in Tabelle4), this modified sheet Tabelle4 is exported,

Example of

UR’s Windows CHM
help

Specific topics are also
available from via Help
button within most of

the dialogs

Example of

UR’s Windows CHM
help



executed by UR and UR’s results are then re-imported into sheet Tabelle5.
These operations are performed using VBA modules.

| A=

s o . RisoeCounter_UR_SAR_VLdsm - Microsoft Excel (=@ -
1
E Emen Seitenlayout Falr\ Ube@ufen Ansicht @ =@ &
1 M —
= = -
& Ausschneiden Calibri - S zeilenumbruch Standard - 1(5,1 %‘}é“ L_‘% - ?‘ i . AutoSumme ‘ﬁ ﬁ
- L3 Kopieren ~ =2 — . (@] Fiillbereich = o
Einfugen F ¥ U~ g Verbinden und zentrieren ~ .o 0 ,00 Bedingte Als Tabelle Zellenformatvoriagen | EinfUgen Loschen Format Sortieren  suchen und
= % 000 | T3 0 .
S - Format ibertragen S =) 00 e matierung - formatieren - - - - - &2 Leschen = ndFiltern ~ Auswahlen~
Zwischenablage £ Schriftart - Ausrichtung El Zahl - Formatvorlagen Zellen Bearbeiten
E10 - I \ o
A B c D E F G H 1 J K L M N o P a R s T u v w %I
1 E
. Zusammen- B . .
Schritt 1/ Step 1: fassung Anzahl ) Schritt 3/ Step 3: Schritt 5/ Step 5
2 Risoe-Textdatei importieren Einzel-2ylden: s Importiere externe Daten nach YINF_Excel UR-Ergebnisse nach SammelErg
3 (import Risoe counter file) (importexternal data to YINF_Excel) (UR results to SammelErg)
5 (SQL-import)
: Schritt 2 / Step 2:
5 Daten vom Rlsoel Counter aufbereiten Schritt 4 Step 4:
(7] (re-arrange Risoe counter data) A 5 SR
uswertung mi 200
2 (evaluation by UR)
10 — Probe: 17698 SchollenFH Det: 2 Fitby UR
Stzeit Messz Stzeit t_Diff 030 250 +——
11 # (min)  Counts (min) {min) MessZeit (min) Counts Cpm u(Cpm) (min) 17698
12 17698 06.02.201315:31 1 0 0 120 0 960 245 02552 0,0163 0,2478 028
13 2 120 28 120 962 960 187 0,1948 0,0142 962 0,2061 026 ——Fitby UR 200
14 3 240 36 120 1922 960 204 02125 00149 960 0,18388 ’ k
15 4 360 19 120 2883 960 155 01615 00130 961 0,17736 024
16 5 480 28 120 3843 960 160 0,1667 00132 960 0,16812 \ T
17 6 600 33 120 4303 960 163 0,1698 0,0133 960 0,16044 022 M 1s0
18 7 720 31 120 5763 960 145 01510 00125 960 0,15402 £ 020
19 8 240 30 120 6723 960 170 01771 00136 960 0,14862 v r\ 1
20 9 960 29 120 7683 960 138 01438 00122 960 0,14406 018 T 100
21 10 1080 26 120 8643 960 153 01594 00129 960 0,14022 016 M T /I\ T +
n 1 100 27 120 2603 960 147 01531 00126 960 0,13704 ’ | w
23 12 1320 21 120 10563 960 136 0,1417 00121 960 0,13434 014
) ) 3 ! T o
24 13 1442 23 120 ot
25 14 1562 17 120 o2 VV\-
26 15 1682 20 120 0,10
27 16 1802 24 120 0 2000 4000 6000 8000 10000 12000 o
28 17 1922 21 120 StZeit (min) o 3
M« » M Hife Fisch-20130206 | Tabellel -~ YINF_Exce| . FixadData SammelErgeb .~ SQL_work Linfout_inp Tabelled " Tabele5 . Tabelle6 . Tabdl] 4 [ [T (0}
[EOE 1w00% O Iy} )

Below: lower part of ,Tabelle4” containing the associated UR project file in CSV style; this sheet has to be updated (in

its lower part) for each additional sample evaluation.

C71 - I ‘ 51,1047019958496

A B = D E F G H 1 J K L M
64 Werte, Unsicherheiten:
65 la 1,17E-03 1 -9,99e+02 -9,99e+02 1 14304
66 2 phi 5,03E-01 1 -9,99E+02 -9,99E+02 1 1,23e-02
67 3 Rn 2,32E-03 1 -9,99E+02 -9,99E+02 1 2,79E-04
68 4f1 1,04E+00 1 -9,99E+02 -9,99E+02 1 L67E-04
69 5 eps 4,19E-01 1 2,50E-02 -9,99E+02 2 4,10E-03
70 6 eta¥ 7,92E-01 1 2,00E-02 -9,99E+02 2 1,76E-02
EI 7 ma 5,11E+01. 1 4,00E-03 -9,99E+02 2 3,00E-02
72 8 FA 4,75E+01 1 2,00E-02 -9,99E+02 2 7,34E-01
73 9 Rbl 4,67E-06 1 2,83E-07 -9,99E+02 1 2,83E-05
74 10 HwzYs0 2,31E+05 1 1,12E+02 -9,99E+02 1 1,12E+02
75 11 Hwzlong 1,00E+14 1 -9,99E+02 -9,99E+02 1 -59,99E+02
76 12 HwzAc228 2,21E+04 1 -9,99e+02 -9,99E+02 1 -5,99e+02
77 13 tmess 7,20E+04 1 -9,99e+02 -9,99E+02 1 -5,99e+02
78 14 tstart 0,00E+00 1 -9,99e+02 -9,99e+02 1 -5,99e+02
79 15 tprobe 4,29e+02 1 2,10e-01 -9,99E+02 1 2,00E-01
80 16 HWZSR90 1,05e+04 1 2,56+01 -9,99e+02 1 2,56E+01
81 CovarGrid:
82 AbklingGrid: fitpl? fitp2? fitp3? weighted f. usecovs?  fitmeth? time base(s/m):
83 ModPar 1 0 1 1 1 1
84 Trenn-Datum  07.02.2013 07:37
85 1 07.02.201315:33 5,76E+04 8,68E+02 -9,99E+02 -9,99E+02 2,88E+05  6,24E+02 -9,99E+02 -9,99E+02 -9,99E+02 -9,99E+02
86 2 08.02.201307:33 5,76E+04 7,07E+02 -9,99E+02 -9,99E+02 2,88E+05  6,24E+02 -9,99E+02 -9,99E+02 -9,99E+02 -9,99E+02
87 3 08.02.2013 23:34 5,76E+04 5,91E+02 -9,99E+02 -9,99E+02 2,88E+05  6,24E+02 -9,99E+02 -9,99E+02 -9,99E+02 -9,99E+02
88 4 09.02.2013 15:34 5,76E+04 4,95E+02 -9,99E+02 -9,99e+02 2,88E+05 6,24E+02 -9,99E+02 -9,99E+02 -9,99E+02 -9,99E+02
83 5 10.02.2013 07:34 5,76E+04 4,63E+02 -9,99E+02 -9,99e+02 2,88E+05 6,24E+02 -9,99E+02 -9,99E+02 -9,99E+02 -9,99E+02
90 6 10.02.2013 23:34 5,76E+04 3,65E+02 -9,99E+02 -9,99e+02 2,88E+05 6,24E+02 -9,99E+02 -9,99E+02 -9,99E+02 -9,99E+02
91 7 11.02.2013 15:34 57600 357 -999 -999 283000 624 -999 -999 -999 -999
92 8 12.02.2013 07:34 57600 303 -999 -999 283000 624 -999 -999 -999 -999
23 9  12.02.2013 23:34 57600 292 -999 -999 283000 624 -999 -999 -999 -999
94 10 13.02.201315:34 57600 264 -999 -999 283000 624 -999 -999 -999 -999
W < » W[ Hife . Fisch-20130206 . Tabelel . YINF_Excel . FixedData Séfn}nelErgeb EQLJ.'JE?I(” Z L\nfuutf\n[:’ | Tabelled .~ TabeleS . Tabellet . trabdﬂ 4 I_——
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