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2 ‘ Detection limit tools in InterSpec m

There are two tools in InterSpec to help place detection limits
Detosion Conficence Tool :

Peak for upper bound of 17.56 nCi @95.0% CL @
5 21643
5 15
6 100 x
o 10
o
g 10 3 5
17 T T T 1
£ 4 0 10 15
5] Activity (nCi)
640 645 650 655 660 665 670 675 680 o 2 q
. 0.1 T Best x“ of 4.6 at 4.539 nCi, 4 DOF
Less than 17.56 nCi present @95.0% CL. 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 Energy (keV) Gan detect 13.72 nGi at 95.4% CL, 29

Minimum reliably detectable activity: 27.98 nCi.

rer—— Nuclide:  cs137 [ Detector: ORTEC Detective-X_L... Log @ ) Lin Peaksdisp.act: 43779 nci

Nuclide: Cs137 v Distance: Ag.;e: 2.5 HL @ <shielding material> v @ Attenuate for air Confidence Level: 95%
Age: N/A Confidence Level:  95% 5] Distance: 190 ¢m Thickness 1.0 cm Activity Limit @ ) Distance Limit
Gamma: 6616570 keV i B Gamma lines to use Min relative intensity: 0
ROl Lower: 655.835
RO Upper: 667555 Num Side Chan.: 13 s e FWHM=1.48, 7.42E-7 ontsibq 66166 ke, br=0.853 FWHM=1.84, 0.0563 cnts/bq
FWHM: 455177 Detector FWHME: 184 KoV @ Use for multi-peak Single peak Limit ‘) Use for multi-peak Single peak Limit
Background spectrum (2) ROI Lower: 28178 MDA: 1.23 mCi ROI Lower: 659.25 MDA: 338.94 pCi
Calc. Method: © Currie ~ Deconvolution ROI Upper: 285.20 Num Side Channels 4 < ROI Upper: 66414 Num Side Channels 4 ¢
CLE ot onpares boss i PG of IAAN) hied Continuum further details... Continuum _ Linear ) further details...
@ g‘i‘,‘-?on Code m Cont. Norm Cont. Norm  Floating (<]
A “simple” MDA tool: A more advanced detection limit tool
+ Single Region of Interest (ROI) « Multiple ROIs can be used to increase sensitivity
+ Right-click on spectrum, at the ROIl, and * Place limits on activity, or on maximum detectable distances
choose “Quick MDA..." + Uses a “Deconvolution” methodology, or you can get the simpler “Currie” style limits for
+ Reasonable defaults each peak

 Under the “Tools” menu as “Detection Confidence Tool”



s 1 Some useful resources

Useful references for understanding MDA:

CURRIE, L.A., Limits for qualitative detection and quantitative determination.
https://pubs.acs.org/doi/10.1021/ac60259a007
The original paper on detection limits - very accessible

IAEA /AQ /48, Determination and Interpretation of Characteristic Limits for Radioactivity
Measurements

https://www-pub.iaea.org/MTCD/Publications/PDF/AQ-48 web.pdf

Very in-depth, with lots of examples

ISO 11929-1:2019, ISO 11929-3:2019, ISO 11929-4:2020
Paid specifications - in practice AQ48 is probably sufficient

P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01
https://pdg.lbl.gov

Doesn't directly address gamma spectroscopy, but has more general and advanced
statistical concepts. The “Deconvolution” methodology in InterSpec derived from this
reference, although the ISO specification does include something similar.



https://pubs.acs.org/doi/10.1021/ac60259a007
https://www-pub.iaea.org/MTCD/Publications/PDF/AQ-48_web.pdf
https://pdg.lbl.gov/

» 1 Obtaining InterSpec with these tools

« Available as of v1.0.13, or June 2024 in the “bleeding edge” build of InterSpec
« https://github.com/sandialabs/InterSpec/releases/tag/bleeding-edge

« Thisis an automated build that is updated every time new code is pushed to github
« Both tools are currently very “alpha” - so use with caution



https://github.com/sandialabs/InterSpec/releases/tag/bleeding-edge

InterSpec offers two methods to compute limits:

* Currie Limit;
« Standard single peak calculation that uses the gross-counts in a energy region of interest
(ROI), and compares it to what would be predicted by a few channels on either side of the
ROI

- Deconvolution:
« Uses peak shape information, and can use multiple peaks to place better limits
« At a given activity/shielding/distance, the peak(s) are compared to data to generate a x?

value. The most likely value of activity or distance is found, and then that quantity is
varied until the x2changes an amount corresponding to desired confidence level (CL)

I
. | Limit methods Eﬂq
I



“Simple” MDA Method




7 ‘ Using the Simple detection limit tool

To use:

InterSpec  Edit View Tools Help () ==
|

— Foreground|(13461707 counts)
Live Time: 1.715e+5 s
Real Time:|1.721e+5 s

Te+d o

1e+3

Counts per 3 Channels

T T T T T T T T T T T T
1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550
Energy (keV)

Spectrum Files  Peak Manager Energy Calil

Nuclide Search

Nuclide: Co60 L CLEVGUEY  Suggestions  Energy (k... = B.R. ~. Parent . M
Age: W Assoo- Nucs 347.1400 7.5e-05 Co60 I
: La-140 826.1000 7.6e-05 Co60 &
T=5.27y moreinfo I Sc-46 1173.2280 0.9985 Co60 8
8 Detector: ORTEC Detectl Ag-110m  1332.4919 0.9998 Co60 &
- Secye ‘;‘A“’*:j 2158.5701 1.2e-05 Co60 I
n-

Q@  <shielding material> v Tnos 2505.6919 2e-08 Co60 &

Thickness 1.0 cm Previous

Ba133
@ J,csv

1) Load spectrum, and optionally
show reference lines

| — Foreground (13461707 counts)
Live Time: 1.715e+5 s
| Real Time:|1.721e+5 s
Te+d o

Counts per 3 Channels

1e+3
Lo
Fit peak near 1331.3 keV/

Add peak...

Search
4 Quick MDA Co60, 13325 keV... |89
—

T T T T T T T
1000 1050 1100 1150 1200 1250 1300
Energy (

InterSpec  Edit View Tools Help () ==

Spectrum Files  Peak Manager Energy Calil Nuclide Search
Nuclide: Co60 LCLVUTIUE  Suggestions  Enmergy (k... . B.R. v Parent .
{ Age: Assoc. Nucs 3471400 7.5e-05 Co60
: La-140 826.1000 7.6e-05 Co60
T=5.27y moreinfo N Sc-46 1173.2280 0.9985 Co60
5 Detector: ORTEC Detecti Ag-110m 1332.4919 0.9998 Co60
— stacive ‘;‘A“’*::’ 2158.5701 1.2e-05 Co60
n-
|| @  <shielding material> v e 2505.6919 2e-08 Co60
Thickness 1.0 cm Previous
Bal33
@ &, csv

2) Right-click on the spectrum
near the energy of interest.
(but not near a peak.

Select “Quick MDA...” option.

AR =

InterSpec  Edit View Tools Help :'-.'._
Simple Minimum Detectable Activity Calculation x
X ounts)
Peak for upper bound of 7.03 nCi @95.0% CL
PG
°
£
s
£
o
©
g
@ i
=
3 1013 v v T y
© 1325 1330 1335 1340
Less than 7.03 nCi present @95.0% CL.
Minimum reliably detectable activity: 8.78 nCi.
further details...
IO‘(; 550
Nuclide: Distance: 100 cm
Age: N/A Confidence Level: ~ 95% e
Spectrum arch
Gamma: 1332.4919 keV B EFCTEEEeN
Nuclide: C| ROl Lower: 132032 Hbstocioc 1o — ent v b
Age: ROI Upper: 133592 Num Side Chan.: 4 4+ 8
s
Th=527y FWHM: 2.62032 o1
Background spectrum (2) i
B
BbsEco Calc. Method: ©Currie  Deconvolution &
O - ;
Thickness @ m

©) J,csv

3) Input distance, and optionally
adjust other options.
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Using the simple detection limit tool - brief result explanation

Simple Minimum Detectable Activity Calculation X

The displayed peak is plotted
at the amplitude of the limit,
—= tO give you a visual sanity

check on the limit

Counts of the data

Peak for upper bound of 7.03 nCi @95.0% CL
300
] N
250
200 999 4436 920 <&
-—————
1325 1330 1335 1340
Less than 7.03 nCi present @95.0% CL.
Minimum reliably detectable activity: 8.78 nCi. —
further details...
Nuclide: Co60 v Distance: 100 cm
Age: N/A Confidence Level:  95% a
Gamma: 1332.4919 kevV B
[@ Detector: ORTEC Detective_L...
ROI Lower: 1329.32
ROI Upper: 1335.92 Num Side Chan.: 4 : 2
FWHM: 2.62032
Background spectrum (2)
Calc. Method: ©Currie ~ Deconvolution
Currie method compares gross counts to prediction of ing
@ 5tiarcode  Close

areas are given on chart

== The result text tries to give

plain-language explanation
(for those of us that forget the
domain-specific terminology)




: ‘ Using the Simple MDA tool - further details

Simple Minimum Detectable Activity Calculation X

Peak for upper bound of 7.03 nCi @95.0% CL

T T
1330 1335

Less than 7.03 nCi present @95.0% CL.
Minimum reliably detectable activity: 8.78 nCi.

further details...

Nuclide: Co60 v Distance: 100 cm
Age: N/A Confidence Level:  95% (<)
Gamma: 1332.4919 kevV B

[@ Detector: ORTEC Detective_L...
ROI Lower: 1329.32
ROI Upper: 1335.92 Num Side Chan.: 4 4+
FWHM: 2.62032

Background spectrum (2)
Calc. Method: © Currie  Deconvolution

Currie method compares gross counts to prediction of ing

00
(@ s::arcode

The “further details...” link
gives you all the
information that leads to
the limit.

Hovering the mouse over
the ® icons gives further
explanation of each
quantity

Co60 1332.49 keV Info

4436

I1 3]25 1 3|30
Activity upper bound

Lower region channels
Lower region counts
Upper region channels
Upper region counts
Peak area channels
Peak region counts
Peak region null est.
Peak critical limit (L)

1335
7.08 nCi

[3625, 3628]
999

[3647, 3650]
920

[3629, 3646]
4436

4317.6 +98.56
194.8 (4.36 nCi)

Peak detection limit (Ly) 392.4 (8.78 nCi)

Activity

Detector Intrinsic Eff.
Solid angle fraction
Air transmission

2.65 nCi (below Lg)

0.045413
1.5618E-4
0.99294

Nuclide branching ratio 0.99983

Close

—
1340

QRO 00RO



10 ‘ Using the Simple MDA tool - necessary inputs

At a minimum, you will need to input the distance, and make sure you have a detector efficiency selected

Simple Minimum Detectable Activity Calculation X
Peak for upper bound of 7.03 nCi @95.0% CL
300
o You will need to input
] the distance you care
] about
2 999 4436 920
185 180 13 1340 |
Less than 7.03 nCi present @95.0% CL. i
Minimum reliably dettlactable activity: 8.78 nCi. M ost Oth er setti ngS are
R A usually reasonable
Nuclide: Co60 v Distance: 100 cm
Age: N/A Confidence Level:  95%
et et O
ROI Lower: 1329.32 clecion S s W
ROI Upper: 1335.92 Num Side Chan.: 4 4 \ I
FWHM: 2.62032
Background spectrum () If you need, you can also
Calc. Method: © Currie Deconvolution C h a nge yo ur d ete Cto r | |
Currie method compares gross counts to prediction of i .. .
efficiency function by
@ srrar code = clicking here




1 1 Using the Simple MDA tool - selecting nuclide and gamma

Inputting nuclide, gamma, and nuclide age is similar to other places in InterSpec

If you were showing
reference photopeak
lines, nuclide and
gamma will be filled
out - if not, you can
change

Simple Minimum Detectable Activity Calculation X

Peak for upper bound of 7.03 nCi @95.0% CL

300
250—-
2005 999 4436 920
— ] T
1325 1330 1335 1340
Less than 7.03 nCi present @95.0% CL.
Minimum reliably detectable activity: 8.78 nCi.
further details...
Nuclide: Co60 v Distance: 100 cm
Age: N/A Confidence Level:  95%
Gamma: 1332.4919keV B
[@ Detector: ORTEC Detective_L...
ROI Lower: 1329.32
ROI Upper: 1335.92 Num Side Chan.: 4 4

FWHM: 2.62032

Background spectrum (2)

Calc. Method: © Currie = Deconvolution

©)

Currie method compares gross counts to prediction of

050
o'+ QR Code m

Selecting different gammas
will update the ROI limits,
centering the ROl on the
selected gamma.

However, all gammas from
the nuclide in the ROI will
be used to compute
expected contribution, and
thus be accounted for




‘ Using the Simple MDA tool - adjusting Region of Interest

You can adjust the ROI lower
and upper bounds by either
typing in numbers, or by
using the mouse and
hovering over the edge of
the ROl like normally on the
spectrum

Simple Minimum Detectable Activity Calculation

Peak for upper bound of 7.03 nCi @95.0% CL
300

N

1329.2 keV, chan: 3629
200— 920nts: 263, y: 259.1

1 330 1 335 1 340

Lesg than 7.03 nCi present @95.0% CL.
m reliably detectable activity: 8.78 nCi.

1 325

Nuclide: Cob ¥ Distance: 100 cm
Age: N/ Confidence Level:  95% (]
Gamma: 1382.4919 kev B

[@ Detector: ORTEC Detective_L...
ROI Lower: 1329.32
ROI Upper: 1335.92 Num Side Chan.: 4 : 2

FWHM: 2.62032
Background spectrum (?)
Calc. Method: ©Currie ~ Deconvolution

Currie method compares gross counts to prediction of

@ Eancods

further details...




13 ‘ Using the Simple MDA tool - FWHM

For Currie method, FWHM is used to estimate ROI width - for Deconvolution it is integral to the calculation

By default, the FWHM is
derived from the currently
loaded detector efficiency
function, if it has that info -
otherwise a reasonable
guess is used.

Simple Minimum Detectable Activity Calculation X

Peak for upper bound of 1.14 nCi @95.0% CL
300
250 3
200 999 4436 920
-—— 7T —T— 17—
1325 1330 1335 1340
Less than 1.14 nCi present @95.0% CL.
Minimum reliably detectable activity: 1.42 nCi.
further details...
Nuclide: Co60 v Distance: 100 cm
Age: N/A Confidence Level: 95% (2]
Gamma: 1332.4919 keV
[@ Detector: ORTEC Detective-X...
ROI Lower: 1329.32
\ROI Upper: 1335.92 Num Side Chan.: 4 4
FWHM: 262032 SoBssssrirasers kov
Background spectrum (?)
Calc. Method: ©Currie ~ Deconvolution
Currie method compares gross counts to prediction of ing
@ gO‘QR Code m

If no FWHM is available, an
option to fit the functional
form from the current
spectrum will appear




14 ‘ Using the Simple MDA tool - background estimation options

If you know there is no
signal in the spectrum, then
you can select
"Background spectrum”.
This will use only the ROI
channels - and no side
channels - to derive the
limit.

If selected, the side
channel option will be

hidden ~

Simple Minimum Detectable Activity Calculation

Peak for upper bound of 7.03 nCi @95.0% CL

RO

@

300
250—-
=5 999 4436 920
-——
1325 1330 1335 1340
Less than 7.03 nCi present @95.0% CL.
Minimum reliably detectable activity: 8.78 nCi.
further details...
Nuclide: Co60 v Distance: 100 cm
Age: N/A Confidence Level:  95% e

Gamma: 13324919 keV B
[@ Detector: ORTEC Detective_L...
ROI Lower: 1329.32 /

| Upper: 1335.92 Num Side Chan.: 4 4

FWHM: 2.62032
\ Background spectrum (2)

Calc. Method: © Currie ~ Deconvolution

Currie method compares gross counts to predicti

050
5= QR Code

You can select the number

of side channels to use to
estimate the expected counts
in ROl - more channels will
decrease uncertainty,
improving limits, but may then
cause a bias by picking up
features in the spectrum




15 ‘ Using the Simple MDA tool - Confidence Level

Although reporting at 95% C.L. is common, you may wish to select different C.L.s to find the
level at which the plotted peak gives you confidence, that it is not there. E.g. 99% C.L.

Simple Minimum Detectable Activity Calculation X

The shown peak is the
amplitude expected, for the ==
given limit C.L. - judgement

“by eye” is perhaps as
important as a given

numerical C.L.

Peak for upper bound of 9.68 nCi @95.0% CL

999 4436 920

— 7T T 17— T T — T T
1325 1330 1335 1340

Less than 9.68 nCi present @95.0% CL.
Minimum reliably detectable activity: 12.09 nCi.

further details...

Nuclide: Co60 v Distance: 100 cm /
Age: N/A Confidence Level: v 95% !
Gamma: 1332.4919 keV e
ROI Lower: 1329.32 o
ROI Upper: 1335.92 Num Side Chan.: 35 (99.7%) 2
FWHM: 2.62032 o

Background spectrum (2) Eg
Calc. Method: ©Currie ~ Deconvolution

Currie method compares gross counts to prediction of ing

You can select the confidence
level you would like here

d

@ &iercode




6 1 Using the Simple MDA tool - Calculation method

Peak for upper bound of 3.745 nCi @95.0% CL

300
250

200

Nuclide:
Age:
Gamma:

FWHM:

ROI Lower: 1329.32

— T T T T T [ T T T T | T T T T [ T T T T ] T T
1327.5 1330.0 1332.5 1335.0 1337.5

Less than 3.745 nCi @95.0% CL
further details...
Co60 v Distance: 100 cm
N/A Confidence Level:  95%
1332.4919keV B

[@ Detector: ORTEC Detective_L...

ROI Upper: 1335.92

2.63187

Linear (2]

Two method for computing limits are offered:

1.

Currie: default, and most commonly used
method. The counts expected in the ROl is
estimated using neighboring channels. This
value is compared against observed counts, and
simple Poisson statistics are used to quote limits.
Simple and robust.

Deconvolution: Shape of the peak, and data, are
taken into account, by scanning over activities
and calculating x? of the fit peak at each activity.
Limits are quoted based on deviation from the
best x2.

This method often results in higher sensitivities,
but given the higher implementation complexity,
it is not as widely used*.

*This method, or something very similar, is specified in ISO-11929 but the InterSpec author is not aware of any other gamma spectroscopy

programs that implements this methodology for comparison

o



7 1 Using the Simple MDA tool - Deconvolution continuum norm m

The primary additional option Deconvolution style
continuum is “Cont. Norm.” method.

When scannin%]activities, to compute x?, this option

lets you select

ow the peak should be normalized to

the data:

1.

2.

Floating: At a specific activity, the Gaussian +

Polynomial continuum is fit to determine best 2.

Most conservative and default option - if no signal

Bresent, then continuum will be pushed a little
elow data by the Gaussian.

As no signal: This option asserts no signal is
present, so the polynomial continuum is first fit to
the data in the ROI, then the Gaussian is added to
that line, and finally the x2 computed.

From sides: channels adjacent to ROI are used to
estimate the straight-line continuum; Gaussian is
added on top of this, then x2 computed.

Simple Minimum Detectable Activity Calculation

Peak for upper bound of 3.745 nCi @95.0% CL

300+

250

200

L e e L e e e e e e e A B e e p e s
1327.5 1330.0 1332.5 1335.0 1337.5

Less than 3.745 nCi @95.0% CL

further details..

Nuclide: Co60 v Distance: 100 cm
Age: N/A Confidence Level:  95% (2]
Gamma: 1332.4919 keV

[@ Detector: ORTEC Detective_L...
ROl Lower: 1329.32
ROI Upper: 1335.92
FWHM,

X

ont. Norm v Floating B Continuum Type: Linear (2]
Calc. Meth¢  Asnosignal  leconvplution
From sides for pg# shape and data distribution
050
(® Gi:qRcCode  Close |




s 1 Using the Simple MDA tool - signhal present

Estimated activity of 580.74 nCi.

3e+3
2e+3
33569
1 e+3 - | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T
575 578 580 583 585 588 590

Detected: 580.74 nCi, range [563.07 nCi, 598.40 nCi], @95.0% CL
Minimum reliably detectable activity: 31.67 nCi.

further details...

If signal is detected, the nominal activity is provided, as well as range at the desired C.L.

« Only statistical uncertainties are taken into account - e.g., no energy calibration, detector
efficiency, FWHM, distance, etc uncertainties are taken into account
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“Advanced” detection limits tool

Using this tool is a bit more involved, but also more flexible
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‘ The "advanced” tool

Can place limit on either activity or distance
Can use multiple ROIs to increase sensitivity
Can include shielding

To use:

« For detection limits, open a representative
background, or at least a spectrum without the
signal present

- To place activity or distance limits, use
spectrum file with signal present

“Tools" - "Detection Confidence Tool”

o

ME.

InterSpec  Edit View - Help

Counts per 21 Channels

1e+3 5

1=}
o
1

=)
Lol

0.1~

Foreground:
background-2.n42 (Nov 7, 20zs)

$ 2

250

Activity/Shielding Fit

— Foreground (178728 counts)

Isotopics by nuclides

Isotopics from peaks
Gamma XS Calc
Dose Calc

1/? Calculator
Units Converter
Flux Tool

Nuclide Decay Info
Detection Confidence Tool Provides an upper activity estimate for nuclides
Detector Response Select
Make Detector Response

File Parameters

Live Time: 595.8 s
Real Time: 602.1 s
Neutrons: 0.1279 cps

L]

T T T T
Energy Range Sum 5 J 1750 2000 2250 2500
Ener8y (keV)

File Query Tool

Spectrum Files | Peak N Math/Command Terminal raks  Energy Calibration  Nuclide Search

2750

External RID und: Second Foreground:
|| Nopackground ® || Nosecond foreground

2

ROY spectrum Manager... Scale Factor: 1 Scale Factor: 1

S > * >




‘ . . Select detector efficiency
2 | Enter information function by clicking here

Detection Confidence Tool i
£
[
§1e+3
()
Y 100 /
[}
o
T 10
. . C

Nuclide of interest £
(W
=
3 01— T T T T T T 7T g [T P 7 7T [T T 7T P [T 7 T T [T T 7T T [T T T T [ T T T T[T T T Tt i
(&) 250 500 750 1000 1250 1500 1750 2000 2250 2500 Energy (keV)
Nuclide [ Detector: ORTEC Detective-X_L... Log @ ) Lin Peaksdisp.act: g c; i
Age: m <shielding material> v ®@Attenuate for air Confidence Level: 95% &

D|Stance ——)p | Distance: o Thickness 1.0 cm t\i(rzrt:i\;lty Eilr?]ti?nce \

No valid nuclide
Gamma lines to use

Confidence Level
you want

N

Select if you want
activity or distance
limit

®
i

Add some shielding,
if you want



FWHM Response

Detection Confidence Tool

g
g
< 1e+3
o
o
N 100
[0]
o
E) 10 Add FWHM to Detector Response Function
% re.w
5 1 x Data FWHM
9 x Fit FWHM
€ x %22
otV
o 250 500 750 1000 1250 1500 1750 2000 2
oy x x 1.8
R KR 54133 [ Detector: ORTEC Detective-EX1... Log @ ) Lir x z
Age: Oy m <shielding material> v @Attenuate for air X - | 14 1
Distance: 199 cm Thickness 1.0 cm jvity Limit @ ) Distance Limit ~
DRF does not have FWHM info - please fit for FWHM, or change [J&F. } } } } } } 1
300 500 700 900 1100 1300
At S FWHM(x) = sqrt( 1.52409 + 2.24712"/1000 )
Equation Type: Energy (keV) = FWHM . FWHM Uncert +. PeakSource v Use .
sart(A0 + AT'E +...) ) 239.24 1.49 0.15 Auto-fit
N s 295.90 1.18 0.25 Auto-fit
28 352.48 1.40 0.14 Auto-fit
511.28 2.75 0.73 Auto-fit
Parameter Values: 577.76 1.82 0.21 Auto-fit
A0 152409 583.75 1.71 0.39 Auto-fit
A 224712 609.94 1.76 0.13 Auto-fit
.. . , -
If your detector efficiency function doesn’'t have FWHM 153 S puto-ft
information, you will get an error, but clicking L0008 229 o2 et
Hr-: n H H _
Fit FWHM...” button will et you get FWHM functional 14066 219 o0t -t
form from current spectrum
@




23 ‘ Selecting peaks to use

Once you have entered a

nuclide and selected a DRF,
you will be presented with all

gammas for that nuclides
decay chain

The Currie-style limits are
computed for each peak

Detection Confidence Tool X
w1e+4—
B
c 1e+3
5
5
2 100
N
2 10
i)
S 1 ‘
3
0.1 ‘,l‘., I e I L B L B o e e B
0 250 500 750 1000 1250 1500 1750 2000 2250 2500 Energy (keV)
Nuclide:  ga133 [ Detector: ORTEC Detective-EX2... Log @ ) Lin Peaksdisp.act: g c;
Age: oy m «shieiding materials v @ Attenuate for air Confidence Level: 95% (2]

Distance: 140 ¢m

No peaks are selected
Gamma lines to use
53.16 keV, br=0.022

@ Use for multi-peak

ROI Lower: 5161
ROI Upper: 5481
Continuum
Cont. Norm

81.00 keV, br=0.341

@ Use for multi-peak

Thickness 1.0 cm

FWHM=1.27, 0.0193 cnts/bq
Single peak Currie Limit
Limit: < 0Ci
(sig. fewer counts in ROI than
predicted)

Num Side Channels 4 ¢

further details...

FWHM=1.29, 0.45 cnts/bq

Single peak Currie Limit

ROI Lower: 7931 Upper Limit: 3.56 nCi
ﬁ Critical Limit: 25.52 nCi

ROI Upper: g2.52
Continuum
Cont. Norm

223.23 keV, br=0.0045

@ Use for multi-peak

AL

@

Num Side Channels 4 ¢

further details...

FWHM=1.39, 0.00449 cnts/bq

Single peak Currie Limit

Activity Limit (@ ) Distance Limit

79.61 keV, br=0.0262
@ Use for multi-peak
ROI Lower: 7799

ROI Upper: 5120
Continuum

Cont. Norm

160.61 keV, br=0.00645
@ Use for multi-peak
ROI Lower: 15884

ROI Upper: 162.23
Continuum

Cont. Norm

276.40 keV, br=0.0716
@ Use for multi-peak

Do

Min relative intensity: 0

FWHM=1.29, 0.0344 cnts/bq

Single peak Currie Limit
Upper Limit: 28.57 nCi
Critical Limit: 337.17 nCi

Num Side Channels 4 ¢

further details...

FWHM=1.35, 0.00805 cnts/bq

Single peak Currie Limit
Upper Limit: 150.12 nCi
Critical Limit: 1.40 uCi

Num Side Channels 4 ¢

further details...

FWHM=1.43, 0.0595 cnts/bq

Single peak Currie Limit

1”8

Too many peaks?
Filter here




24 ‘ More information on Currie Limit counts

Detection Confidence Tool X
o evd Ba133 302.85 keV Info
? 20 | ;
S 1e+3 1
5 *15
o 100
g 10
2 104
[7} T T T T T T 1 )
‘S’ 14 0 5 10 15 20 25 .
3 i Activity (nCi) | |
0.1 vy T '|""|""|""|""|-"'|'---|---|-Bestx20f7.5a16.268fCi,13DOF ! {
0 250 500 750 1000 1250 1500 1750 2000 2250 Energy (keV)  Can detect 16.99 nCi at 95.0% CL. | 1 3555 15495 3126
Nuclide:  ga133 [ Detector: ORTEC Detective-EX2... Log @ ) Lin Peaksdisp.act: 46991 nCi | U ey L e e e e |
Age: oy m shielding material v @ Attenuate for air Confidence Level: 95% 300.0 302.5 305.0
) ) = [ . . l
Distance: 10 cm Thickness 1.0 cm Activity Limit (@ ) Distance Limit Activity upper bound  15.96 nCi 0}
Gamma lines to use Min relative intensity: 0 t
HUI LOWEr: 221.40 upper LIMIt:  1.4U uul HUI LOWET: 27454 Upper LIMIt: 48.95 NuI :
ROI Uner: Critcal Limit: 2.05 uCi RO! Uner: Critical Limit: 124.33 nCi ! Lower region channels [1595, 1598] ®
Upper: 22498 e —— Upper: 27812 Num Side Channels 4 3 ' Lower region counts  355.52 ®
Continuum further details... Continuum further details... Upper region Channels [1 618 1621] @
Cont. Norm Cont. Norm ’
Upper region counts ~ 312.59 @
302.85 keV, br=0.183 FWHM=1.45, 0.14 cnts/bq 356.02 keV, br=0.62 FWHM=1.48 g ! Peak area channels [1599, 1617] ©)
‘) Use for multi-peak single peak Currie Limit @ Use for multi-peak f5le peak Currie Limit Peak region counts 1549.5 ®
ROI Lower: 301.11 Upper Limit: 15.96 nCi ROI Lower: 35425 Upper Limit: 3.16 nCi | .
RO Upper: 0469 Critical Limit: 47.01 nGi ROl Ubnac Critical Limit: 13.77 nCi | Peak region nullest.  1586.8 +61.388 (@
Continuum  Linear N S A e S LG | Peak critical limit L) 120.4 (23.25nCi) @
= further details... further details... X e
Cont. Norm  Floating Cont. Norm Peak detection limit (Ly) 243.4 (47.01nC)) @
Activity <0Ci(belowly) @
383.85 keV, br=0.0894 FWHM=1.5, 0.0544 cnts/bq | ¢
(: Use for multi-peak o R
igle peak Currie Limit . .
ROI Lower: 3g1.95 o eonE . Detector Intrinsic Eff. ~ 0.35907 ©) I
. Range [2.51 nCi, 99.15 nCi] i . . 3
ROI Ppper. 38571 Num Siie Channels 4 = j S.0|Id angle_z fr_actlon 4.5095E-4 ©)
Continuum turther detaile.. Air transmission 0.98646 ®
Cont. Norm Nuclide branching ratio 0.1833 ©)

@ m Close I
(same information as the “simple” tools “further details...”)




‘ Using a peak with "deconvolution” style limit

Peaks being used will
be plotted on chart

Detection Confidence Tool

(by default, at limit)

To use a peak for the ===
deconvolution style limit,
toggle the sliders

10
o
S Jlﬂ || H‘ d ‘ ‘ ‘ |
o) _ pLnn | Iy I &
5] I [
LUK Wlﬂ"ﬁ .'
T ;316 ....... ;32(') ....... 1|33(.) ....... 1|34(|J ......... Elnérlg;, (Ikle\'/ T
Nuclide:  cogo [ Detector: ORTEC Detective-EX2... Log ( @ Lin
Age: Oy m <shielding material> v G Attenuate for air

Distance: 100 ¢m Thickness 1.0 cm

Gamma lines to use
HUI LOWEr: 345.39

upper Limit:. 81.u7 uul

Critical Limit: 162.47 uCi

ROI Upper: 348.97
Continuum
Cont. Norm

1173.23 keV, br=0.998

@ Use for multi-peak
ROI Lower: 117083

ROI Upper: 117573

Cont. Norm

2158.57 keV, br=1.2E-5

@ Use for multi-peak

ROI Lower: 215558

Num Side Channels 4 ¢

further details...

FWHM=1.95, 0.217 cnts/bq

Single peak Currie Limit

it: 19.58 nCi

Num Side Channels 4 ¢

further details...

FWHM=2.4, 1.52E-6 cnts/bq

Single peak Currie Limit
Upper Limit: 605.39 uCi

Critical Limit: 1.19 mCi

ROI Upper: 2161.60
Continuum
Cont. Norm

)

Num Side Channels 4 ¢

further details...

x

Best x2 of 23.6 at 820.758 pCi, 0 DOF
Less than 3.90 nCi at 99.0% CL, x2=31.4

Confidence Level: 99% e

Activity Limit @ ) Distance Limit

HUI LOWEr: 82391
ROI Upper: g828.24
Continuum
Cont. Norm

1332.49 keV, br=1

() Use for multi-peak
ROI Lower: 1329.20

ROI Upper: 1334.28
Continuum

Cont. Norm

2505.69 keV, br=2E-8
@ Use for multi-peak
ROI Lower: 250256

ROI Upper: 2508.77
Continuum

Cont. Norm

Min relative intensity: 0
upper Limit:  /8.13 uul
Critical Limit: 201.12 uCi

Num Side Channels 4 ¢

further details...

FWHM=2.03, 0.195 cnts/bq

Single peak Currie Limit
Upper Limit: 6.50 nCi
Critical Limit: 16.51 nCi

Num Side Channels 4 ¢

further details...

FWHM=2.54, 2.17E-9 cnts/bq

Single peak Currie Limit
Upper Limit: 301.16 mCi
Critical Limit: 443.71 mCi

Num Side Channels 4 ¢

further details...

A x2chart, as a function
of energy or distance
will appear

7

Limit, or range to desired
CL is given here.

This is your answer
from deconvolution
method

If signal is detected as
present, you will get a
nominal activity and
range. I
If null-hypothesis is not
excluded at given CL,
then an upper limit is

given



26 ‘ Using multiple peaks (may!) help sensitivity

You can zoom in/out on this
spectrum the same as the
primary spectrum in

Detection Confidence Tool

Q
o

InterSpec

T T T T T 1
0 20 40 60 80 100
Activity (nCi)

—— Best x° of 45.2 at 24.314 nCi, 41 DOI

Counts/Channel ffler 2 Channe

P4
=
=}
a
()
w
Q
2
@
A

Age: oy
Distance:

m <shielding material>

Thickness 1.0 cm

Urther details...

HM=1.48, 0.01 cnts/bq
Single peak Limit

ROl Lower: 301.00 MDA: 65.58 nCi

ROI Upper: Num Side Channels 4
Continuum e further details...
Cont. Norm [2)

’ . FWHM=1.54, 0.00417 cnts/bq
() Use for multi-peak

ROI Lower: 382.01

ROI Upper: 385.67
Continuum  Linear
Cont. Norm  Floating <]

©)

Single peak Limit
MDA: 634.87 nCi
Num Side Channels 4 ¢
further details...

® Attenuate for air

35682 keV, br=0.62

() Use for multi-peak

ROl Lower: 354.18
ROI Upper: 357.85
Continuum  Linear
Cont. Norm  Floating

T T
Energy (keV)  Gan detect 68.28 nCi at 95.4% CL, X*
Log @ Lin Peaksdisp.act: g 284 nci
Confidence Level:  95%

Activity Limit @ ) Distance Limit

Min relative intensity: 0
Num Side Channels 4 ¢
further details...

FWHM=1.52, 0.0305 cnts/bq

Single peak Limit
MDA: 1.46 nCi
Num Side Channels 4 ¢
further details...




27 ‘ Deconvolution options

MLIIIMUM’I

361.9 keV, chan: 19
counts: 40/2, y: 42.8

T
350

375 Energy (I
Detective-EX1... Log @
ol Attenuate for air
You can use the mouse at the aterial> M
edge of a ROl to adjust width, ctivity Limit @ ) Distance
Or you can type in numbers
annels 4 ¢ ROI Upper: 278.21
er details...
.01 cnts/bq , br=0.62 FW
rak Limit for multi-peak
Ci ROI LowerY 35418 M
annels 4 ¢ (sl
. ROI Upper: 36169 th
er details... N
Continuum  Linear & 1

Cont. Norm Floating &




28 ‘ Deconvolution options (cont)

356.02 keV, br=0.62 FWHM=1.52, 0.0305 cnts/bq
O Use for multi-peak Single peak Limit
ROI Lower: MDA: < 0Ci
il (sig. fewer counts in ROI
ROI Upper: 361.69 than predicted)

Peaks can use linear or  continuun (U @ Num Side Channels 4 ¢
quadratic continuums Cont. Norr  Quadratic gy Rsthortietalls

356.02 keV, br=0.62

F How the continuum normalization should be

() Use for multi-peak determined: 1
« Floating: The polynomial continuum is fit for, at
ROl Lower: 35418 each given activity - the activity affects the
continuum.
ROI Upper: 361.69 « Fixed at edges: The channels on either side of
: the ROI are used to determine a linear
Continuum  Linear e continuum that is fixed, and not affected by the
nuclides activity.
. « Fixed full ROI: The continuum is fit using the
YOU canad lSO Ch 0ose h ow th e Cont. Norr ? entire energy range of the ROI, assuming a
continuum is normalized. " Fixed at edges | Gaussian amplitude of zero; later, the Gaussian
. . . component of the peak will sit on top of this
Essent|a||y asser“ng if you Fixed full ROI fixed continuum. . I
F This is effectively asserting that you know there
! i i i< i is no signal peak present in the data. The
d on t kn ow If Slgnal IS 1N continuum will not be affected by the nuclide
S p e Ct rum orn Ot or asse rt| n g activity value, and the Gaussian component of
! the peak will sit on top of this fixed continuum | |

you know it is not when evaluating the x°.



o | More options:

You can select the confidence
level you want. This applies
to both deconvolution and
Currie methods

(99% seems to correspond to
my “by eye” limit)

Peaks disp. act.: g 053 nCi

Confidence LeVV%

By default peaks are
displayed on the chart at the
limit (if no signal present), or
at nominal activity/distance (if
present) - but you can change
this to quickly get an idea of
what different values look like

Confidence Level: v 95% E
99%
. 10 (68.2%)
Minrelative 55 (95.4%) 1
3ide Channels 4 ¢ 30 (99.7%)
further details, 4o
5o

Activity Limit (@) Distance Limit

Single peak Limit
MDA: 65.58 nCi
Num Side Channels 4 ¢

further details...

The number of side channels
is used for Currie limit, and it's
the number of channels, on
each side of the ROI, used to
estimate expected counts in
ROI

Sometimes you want to know

how far away you can detect a

source at, or how far away a
detected source is - this
toggle lets you do that

(but you need to know activity and shielding)

o
|
|



5 | The x? chart:

The x? chart gives you an idea of the likelihood as a function of activity or distance

35 -
75 -
N 30 7 [\
> x 70 -
25
65 -
20
T T T T T 1 T T T T T 1
0O 1 2 3 4 5 6 60 70 80 90 100 110
Activity (nCi) Activity (nCi)
Best )(2 of 20.6 at 606.608 pCi, 21 DOF Best x2 of 63.9 at 82.353 nCi, 16 DOF
Less than 4.16 nCi at 95.0% CL, x2=25.6 Between 62.63 nCi and 102.08 nCi at 95.0% CL, x

If the x2 is not smooth (i.e., discontinuities, irregular shapes, etc), results are not trustable

- Thisis rare, but can happen if (some of) the peak(s) are near a feature in the spectrum - adjusting
ROI, or using different energies will likely fix



;1 | Caveats

These tools have only been tested and used a minimal amount; they were developed an

hour here and there over a few years - so there is likely bugs, and even logic issues that
could lead to incorrect answers being given - please use with caution.

Besides for this Power Point, the only other documentation for the tool can be found at:

https://github.com/sandialabs/InterSpec/blob/master/InterSpec/DetectionLimitCalc.h




 Ability to scale measurement time (e.g., use 30 minute background to predict
sensitivity of 5 minute measurement)

- Take into account uncertainties in energy calibration, distance, detector efficiency,
and shielding

- The Deconvolution method does not currently give the critical detection limit (i.e., the
activity above which signal will be reliable recognized as “detected”)

« Improvements to the UX of the advanced tool
« Comparisons to other tools

« Further validation and testing

I
5> | Future features m
I



- Determination and Interpretation of Characteristic Limits for Radioactivity
Measurements, |IAEA /AQ /48,
https://www-pub.iaea.org/MTCD/Publications/PDF/AQ-48 web.pdf

« 1SO 11929, 1 through 4, (2019, 2020)
https://www.iso.org/standard/69579.html
(IAEA/AQ/48 effectively covers these standards)

- The Particle Data Groups references on statistics and probability - primarily for
development of the deconvolution calculations
https://pdg.Ibl.gov/2021/reviews/rpp2021-rev-probability.pdf
https://pdg.Ibl.gov/2021/reviews/rpp2021-rev-statistics.pdf

;3 | References used in creating tool [Eﬂ
i
I


https://www-pub.iaea.org/MTCD/Publications/PDF/AQ-48_web.pdf
https://www.iso.org/standard/69579.html
https://pdg.lbl.gov/2021/reviews/rpp2021-rev-probability.pdf
https://pdg.lbl.gov/2021/reviews/rpp2021-rev-statistics.pdf

