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BRIEF SUMMARY

Today I’'m going to bore you with...
 Gamma ldentification
e Activity Calculation

 Geometrical Efficiency

* Efficiency Curve

* Manual Activity Calculation

* bGamkEff and Simulated Efficiency
* bGamkEff Tips

* Quantus Tips
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GAMMA IDENTIFICATION

The energy of electromagnetic radiation is directly related
to its frequency and inversely related to its wavelength

The fundamental law is:
E=h-f or E=h-c/A

Where:

E is the energy

h is Planck’s constant
fis the frequency
cis speed of light

A is wavelength

“If we could see gamma energies as colors, each radionuclide would shine in its own invisible
palette... a unique spectral signature written in light beyond our eyes.”

The Gamma-Ray Spectrum Serves as a Unique Fingerprint for Radionuclide Identification
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LITTLE DETOUR N)edu

So why is the sunset red?

CAEN
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LITTLE DETOUR

© Red light > lower energy, longer wavelength

@ Blue light = higher energy, shorter wavelength

Short wavelengths (blue and violet light) are scattered much more strongly by tiny air molecules.
In fact, scattering intensity is proportional to:
1/2%
So:
Short wavelength very strong scattering
Long wavelength weak scattering
Blue light gets scattered in all directions very easily.

At sunset:

The Sun is low on the horizon.

Light must travel a much longer path through the atmosphere.

Almost all the blue light gets scattered away before reaching your eyes.

What remains in the direct sunlight? Mostly red and orange light (longer wavelengths). W
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ACTIVITY CALCULATION

Ingredients to compute the activity

Radionuclide must be determined in advance

Measured number of particles emitted x unit time

Gamma Activity

Detection Efficiency

Dead Time
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ACTIVITY CALCULATION

Ny
This is the number of
gamma rays you
actually record with
your detector during
the measurement. It
represents the counted
events in a specific
gamma peak over a
given acquisition time
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A Activity is the number
of nuclear decays per unit
time, measured in
becquerels [Bq], where 1
Bqg = 1 decay per second.
It tells you how many
decays are happening in
the source every second

BR Branching ratio

Not every decay produces
the gamma ray you are
measuring. The branching
ratio is the probability that
a decay emits that specific
gamma ray.

For example, if BR = 0.85,
then 85% of decays produce
that gamma line
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ACTIVITY CALCULATION

ggeom Geometrical efficiency
This accounts for the fraction
of emitted gamma rays that
physically reach the detector.
Since gamma rays are
emitted in all directions, only
a fraction determined by the
detector’s solid angle
coverage will hit it. This
depends on distance,
detector size, and geometry.
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gint Intrinsic efficiency

Even if a gamma ray reaches the
detector, it is not guaranteed to be
detected. The intrinsic efficiency
represents the probability that a
gamma ray interacting with the
detector material actually
produces a measurable signal in
the photopeak. This depends on
detector material, thickness, and
gamma energy.

tlive Live time

This is the effective time during
which the detector is actively able
to record events.

It is slightly less than the real
measurement time because the
detector needs short intervals
(dead time) to process each

event.



ACTIVITY CALCULATION

gtot Detection Efficiency 8 . 8 . 8 N;\

For convenience, the geom int —
efficiency is often express in A .BR. t
terms of total efficiency: the jve
ratio between the counts

recorded and the total

number of radiation particles N -— A .BR . 8 . 8 . t
emitted for a fixed live time. 2 3eam nt jve
Of course, this is a function '

that depends on the energy
of the gamma ray.
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GEOMETRICAL EFFICIENCY HINT

lgnoring self-attenuation (attenuation of radiation by the radiation source itself), radiation emissions occur isotropically.
Therefore, geometric efficiency is approximately equal to the area of the detector entrance divided by the surface area

of a sphere with a radius equal to the source-to-detector distance. Detector Far
From Source
~ T2
€geometric ~ Ad2
Detector
* risthe detector radius
e dis the source-to-detector distance d
Enur:eé
I_E
E =
2
° ad

The above equation is valid only when the source may be approximated as a point, the detector surface is a circle
oriented to face the source, and the distance between the source and detector is much greater than the detector radius.
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EFFICIENCY CURVE

A gamma-ray efficiency curve (total efficiency) typically shows high efficiency at low energies, with a peak
around 100-200 keV, and a sharp decline at higher energies.

From: Efficiency and energy resolution of gamma spectrometry system with HPGe detector

Efficiency
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Low Energy Behavior

Efficiency increases with energy at low values
because the detector material is highly opaque
to soft gammas, then peaks!

High Energy Behavior

Efficiency decreases as photon energy increases
because higher energy photons have a greater
chance of passing through the detector without
interacting

Low Low Energy Behavior

Efficiency decreases again because very low
energy photons can not get through crystal’s
encapsulation/window

Modelling

Curve is fitted using mathematical functions,
such as third to fifth-degree polynomials, to
interpolate efficiency values for any given
energy
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MANUAL ACTIVITY CALCULATION

1. To determine in your geometry the activity of a known radioactive source (specific radionuclide), you need the
detector’s total efficiency at the energy of interest. This means you have already measured a known activity source
and determined the detection efficiency for that given line.

2. If the total efficiency at that exact energy is not available, but efficiencies at nearby gamma lines are known, you can
interpolate between these values to estimate the efficiency for your energy.

3. As afirst approximation, a linear interpolation is often sufficient, though higher-order fits can improve accuracy over
wider energy ranges. (Recap straight line formula)
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bGamEff and Simulated Efficiency

Determination of Total Efficiency via Monte Carlo Modelling

» Total efficiency curve can be obtained using dedicated calibration software that models the full detector—sample
geometry, without the need of any real sources!

* Detector dimensions, source geometry, distances, and material composition are defined in a 3D environment.

* Photon transport is simulated using Monte Carlo—based calculations to generate an energy-dependent efficiency
curve.

bGamEff (the software we will use) allows detailed arbitrary geometry modelling and simulated efficiency computation.
Similarly, ISOCS Calibration Software (Canberra/Mirion) uses pre-characterised detector response functions derived
from Monte Carlo modelling, enabling calibration without physical standard sources.

The resulting simulated efficiency curve can be directly implemented in quantitative gamma-spectrometry analysis SW,
anyway in real life experiments it is very important to validate your simulated efficiency curve with some real sources!
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bGamEff and Simulated Efficiency Ned

File Edit View Analysis Help

@66 & o ® 0o ® G

Open Save Saveas Prnt Compute Efficency Samping Points Event Rays Reset Left Right Front Back Top Bottom Perspective Cross Section
Geometry Tree 22X
ke has Value

¥ Geometry Trial

v = —
Detector Disk Source
¥ Enclosure

Window Color M (128,128, 1...
¥ Crystal Cup Red 128
Window Green 128
Crystal Blue 128

— 15t Model your Source-Detector geometry T i B

Glossy

Composition C2H4
Density 0.9
Relative int... ]

7.854e-05

<

Event Energy
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bGamEff and Simulated Efficiency NJed
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Window
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bGamEff and Simulated Efficiency

@ Efficiency Computation Results

Full Report Table Graph
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3rd Get your Photoefficiency Curve
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bGamEff TIPS

@ bGamEff

File Edit View Analysis Help

@6 ® o ®

Open  Save
Geometry Tree

+| =] Q| ®|:

© ®EeOO@ee® ® ©®

Save as Compute Efficiency Sampling Points  Event Rays Reset Left Right Front Back Top Bottom Perspective Cross Section

B

-

& Add Object

> Solids
P Tubes
P Boxes
P Beakers
¥ Detectors
> Generic
¥ Library
b Nal
¥ HPGe

Name: Ortec GEM-C35P4

Parent: Geometry

Coor:

Initial Position, relative to parent:

Ortec GEM-...

P Collimators
P Other

Press the “+” button to add the

X mm
Y: mm

Z: mm

- Cylinder
detector. Choose the right one ECTR—

and adjust according to your

dimensions!

Rectangular prism
L-Beam
U-Beam
T-Beam
H-Beam
¥ Tubes
Cylindrical tube
Rectangular tube

DON’T WORRY WE’LL GUIDE YOU THROUGH THE PROCESS § ; o=
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P Beakers
P Detectors

To add the source, select the right
geometry, dimensions, material
and assign a relative intensity
equal to 1 (which means this is
the only radioactive object in
your set-up)

| Name: Cone

Parent: | Geometry

Color:

Initial Position, relative to parent:

X

Reproduction, transfer, distribution of part or all of the contents in this document in any form without prior written permission of CAEN S.p.A. is prohibited CAEN Winter School 2026

17



AND NOW?

>+ Fine, we have the Total Efficiency Curve.
YES, BUT

How do we calculate the Activity
from a given Spectrum? T

18
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Quantus TIPS

Using another software!

In our case QUANTUS, a CAEN high performance software. It
can analyze any recorded gamma-ray spectrum for radionuclide

identification and quantification

Actovty cakculaton

v Decay cormecton during counting
I Cakuiate at sample date
™ Incude mass cacuiation

16 Feb 2026 175327

Nuckde average Dy: |Smoke actvey =1

Manually marked ROI report

NOUAEWN R

Drag spectrum into Quantus
Check energy calibration
Define the ROI of your interest

Adjust the library and consequently, do the NID

Add efficiency calibration curve
Fitting
Quantification!

DON’T WORRY WE’LL GUIDE YOU THROUGH THE PROCESS AGAIN
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Quantus TIPS: DEFINE YOUR ROI

ROI Selection

We first suggest to zoom in holding the “Ctrl” button and
selecting the correct area. Then, to select the ROI, hold the
“Shift” button and highlight your region of interest.
To fine adjust the ROI’s limits right-click on it and change them.

Tt
\

L| “W i lT

1200.0
Energy [keV]

1. Drag spectrum into Quantus
Check energy calibration
Define the ROI of your interest
Adjust the library and consequently, do the NID ” :
Add efficiency calibration curve & ; Wimm M

Fitting e - 12500 . n '
e kev] i |
Quantification! (@ show i al
X | Il | | |I|I|‘ lH .
L
1150.0 1200.0

Energy [keV]

N s WN

ROI/Peak (&) Set new limits for ROI-1

8, o (®) Guess nudide @ Delete ROI-1

o8 Dw— ) i

ek i @ Co-60 [1173.23] nuclide candidates
o, &%

@ Delete all ROIs

\ﬁlDON'T WORRY WE’LL GUIDE YOU THROUGH THE PROCESS AGAIN
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Quantus TIPS: ADJUST LIBRARY AND NID

9 Quantus - o x

File Users Detector Edit View Spectrum Calibrat
©@XEE @ ©@.EEEH & | @ e O & © caensys
Clear Lin | Log Sgrt Grids Channels | Energy | Cursors Work region  Full || Residuals Calibrate  Nuclides Full analysis  Procedures..

Open Close Save Print Connect Disconnect
6 HPGe_Ortec_Co60_5cm.gxml * |HPGeﬁOnecﬁCoGOﬁ5cm.gxml g X

ons Analysis Report

N®@ ®

Set  Osclloscope Start Pause Stop

Press on “Nuclides” and load the preset library saved on your PC desktop.
Make sure the “Analytical” box is flagged for all the radionuclides. Then do NID!

. 63 Import radiation library from file X
1 ¢ D rag S peCt ru m I nto Qu a ntu S Look in: I C:\Users\cdelbene\Quantus\Radiation_libraries LI O O 0 ﬁl @ @
2. Check energy calibration Wy compr e
cdelbene Libreria custom.grad
3. Define the ROI of your interest (MR
4. Adjust the library and consequently, do the NID ] ot | __sme
o e . . he elf abs. | TCS
5. Add efficiency calibration curve 2 facor_| factr
6. Fltt'ﬂg ; 4 2 oo 1:000
H H I ; File name: ILIIJrer'sacustum «con 22Na.grad B -
7 . Qu a ntlfl cat I O n . % Files of type: |Radiation ines fie (*.grad) =1 Cancel FDD p—
E ;d?a:i:sti::rzp::elected flle: | B faie

7

DON’T WORRY WE’LL GUIDE YOU THROUGH THE PROCESS AGAIN
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Quantus TIPS: LOAD EFFICIENCY CALIBRATION CURVE

Ié Quantus

File Users Detector Edit View Spectrum Calibrations Analysis Report Windows Help

You need to add your simulated total efficiency ” ” R @ @” ® trrgymarwna » [l m> s TS s s o
curve. Go to the “Edit efficiency calibration” page i S e G|l @ g

as shown in the picture. Then go to “Import
efficiency files” and select the one you have just
generated in bGamEff! © Quantus Efficiency Calibration v

Quantus fies Import efficency fies

| un | Log SOIT Gnhas  nannes | Energ

Efficiency > Edit efficiency calibration

()

ec_Co60_5cm.gxml *

@ Load calibration
@ Save calibration

I rt files
M ) Open efficiency files *

Drag Spectrum into Quantus Look in: I C:\Users\cdelbene\Quantus\Efficiency_calibrations LI Q00 ﬁ @ @
. . ! My Computer Name
Check energy calibration Dol o cgobene ([T vco st
. . - |7 HPGe_Ortec. tted
Define the ROI of your interest e fency |
Adjust the library and consequently, do the NID i

Add efficiency calibration curve
Fitting

NouymbswnNRE

4| ]
Quantification! Fle name: ||
Files of type: |Ouantus efficiency file (*.geff) = Cancel |

Efficiency ID from selected fie: |

DON’T WORRY WE’LL GUIDE YOU THROUGH THE PROCESS AGAIN
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Quantus TIPS: FITTING & QUANTIFICATION

Measurement

Final Step!

Continuum

Press the “Do fitting” button on the right menu
and then the “Quantification” one. The activities
of your selected ROIs should appear below the
spectrum, as computed by the software!

NID
C Ftting )

—Method

|Non -inear least squares ~| Defaul |

[~ Area correction with reference spectrum

Imust contain identified and fitted ... O\ Ql ﬁl

|
|
Find peaks |
|
|

1. Drag spectrum into Quantus

2. Check energy calibration . © e C by

3. Define the ROI of your interest m [N O Y O peamas: [ 3 [ Counts persecond

4. Adjust the library and consequently, do the NID u' { H ‘ l NH ” ¥ Show uncertaintie

5. Add efficiency calibration curve o i A © mebsoltevaies € nretne

6. Fitting ev] ' ' Dofiting | Cear i |
P

7. Quantification! ey |

................. e

\ﬁIDON’T WORRY WE’LL GUIDE YOU THROUGH THE PROCESS AGAIN
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CAEN QI

Thank you for your attention!

Cristiana Del Bene Reach us at educational@caen.it
+39 342 6263 932 Visit www.edu.caen.it
www.caen.it

c.delbene@caen.it
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