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Activity standardization

“The activity, A, of an amount of a radionuclide in a particular energy state at
a given time is the quotient of -dN by dt, where dN is the mean change in the
number of nuclei in that energy state due to spontaneous nuclear
transformations in the time interval dt, thus A = -dN/dt.

Unit: s'1, The special name for the unit of activity is becquerel (Bqg).”

(ICRU, 2011)

Standardization methods:
« The high-geometry (4n) systems

« Defined solid angle counting

« Coincidence counting methods I

3 Pommé, S., 2007. Methods for primary standardization of activity. Metrologia 44, S17-S26.



What is efficiency?
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Coincidence method: Co-60

60
27CO 50

1173.2 |99.85%

2*;1332.5

1332.5 199.98%
0+ 0

60NI;
28N|

N, N,

1T T TN,
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Nc - coincident detection by
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Absolute activity determination: Co-60

Y-y coincidence simplified version:

N, — number of counts in 1173 keV peak on
detector 1:

Ny = Np * &
N,— number of counts in 1332 keV peak on
detector2:
Nz == NO * 82
Coincidence peak count rates:
N, = Ny xg *¢&
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N(photons detected in the peak)
~ N(photons emitted from the source)




Absolute activity determination: Co-60
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Activity standardization

125 NaI(TI)-NaI(Tl)

52%: 0

Primary standardization
method.

v Emission intensities
per 100 disintegrations
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Ny = NolX1 + X2 — X1 Xoerla 148ns ort s/

1

Ny = No{X1 + X7 — X1 Xae)e
Ne = Nof2X 1 X1 }e 6.

Solving three equations

with two unknowns - st o
eliminates detector Te
efficiencies € giving the Q" = 18577 ke

sample activity N,

. X+ X
'~ X x,

2Ny /Ne) — 1}‘1

{2(N2/Nc) + Z(Nl/Nc) 1

Very accurate with uncertainties
less than 0.3% reported.
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Activity standardization

1251 HPGe-HPGe

—HPGe single
—Nal(Tl) single I
—Nal(Tl) coincidence |

Ge X-ray escape makes
problems:

N, = NO(Xysl’p — Xysl’p X Xlef’wt)
N, = No(Xysz’p — Xysz’p X Xlef’wt)
N3 = No X, €57 X X,e1 7

N, = No X, el'? x X,e5P

Ns = Ny X, €7 x X, ;%"

Counts per 0.12 eV
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Additional assumption for Energy (keV)
analytical solution:
ef? = 7, €] I T

zy(Ny N, — N5N6)2X2 Coincidence with 298.4+6.5
Ny1 = Nt — NN — NAX HPGe detectors
3( 1 5)( 2~ Ne) 14 Coincidence with NaI [gcio]oNo=-m ¢
detectors
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1251 HPGe-HPGe

Activity standardization

el = z, £'’? - Monte Carlo (MC)

simulation
EGSnrc with decay generator

Efficiency calibration in low-
energy range

- Germanium

Ge dead
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Counts

~ EGSnrc model

+ exponential continuum bkg|
—Experimental spectrum
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Conclusions and perspectives

- Simple and interesting education tool
— Easy to reach <5% deviation

— Corrections needed to achieve good accuracy (deadtime, angular
correlation ...)

— Works only for point sources (sometimes complicated point source
production)

Extension to volume sources possible (Vidmar, T et al. Appl. Radiat.
Isot. 67, 160-163)

Try it!
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Introduction

Experimental facilities

Nutech Coincidence Low Energy
Germanium Sandwich Spectrometer Dual NaI(Tl) system
(NUCLeGeS) - two HPGe detectors




Introduction

Digital acquisition systems

| 154 mm

eCAEN MCA (DT5780 and N6781)
2 X 100 MS/s 14 bit ADC

10 ns time stamp resolution
*MC2Analyzer Control Software

graphical interface
for DPP/PHA
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Introduction

List mode spectrum acquisition

Timestamp Energy

e Each event is recorded with its 29469567 7188
energy and timestamp (when it 29631038 166
hit the detector) 39847353 1029

40560649 6986
427757345 1438
43354128 4594
45868475 1265
46434394 522

46765219 3148
47342918 1272

Normal spectrum List mode spectrum 48050647 202
- long exposure - video 49174601 1097

49342539 183
photograph 50014278 387

e In our case timestamp is time in
units of 10 ns
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Introduction

Analysis software

e Acquisition controlled by CAEN
MC2Analyzer Control Software

e Data recorded in a list mode file

e Data analysis performed in post-
processing using MATLAB based

A

Acquisition CAEN MC2
List mode file

software that creates two energy
spectra out of list mode files

e Coincidence spectra identified
based on the selected coincidence
resolving time and optional energy
gating

e All the spectra are saved in .TKA
format and then converted to

Post—processing*a nal

Matlab

- spectra preparation
- coincidence identification

- energy gating

<T———F

sis software

Genie BATCH

- spectra summation
(STRIP with factor -1)

- spectra normalizing

to match energy
calibration (NORMAL)

- passing CAM parameter
(MOVEDATA ECAL,

PARS ASTIME)

(73]

GENIE 2000 .CAM

e Spectrum analysis (peak search,
calibrations, activity calculation ...)
done using GENIE 2000 software
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Introduction

Analysis software

GUI

easy to change
between different
detector systems

Produces Genie .CAM
file with all
parameters needed
(live time, real time,
acquisition start date

)
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4 data_input

‘ Select Ch 0 data

|

Select Ch 1 data

Y| Coincidence

Resolving time (ps): 1.4

Delay time (us): 0
Energy gated
LLD (keV): 0
ULD (keV): 0

Anticoincidence

bl & S
NuCLEGeS
Acquisition stop time:
LEGe3
Max time (s):
LEEe2 18446744073709551615

Ch 0 energy calibration

CAGENIE2K\CAMFILES\lege3_CAEN.CNF

Ch 1 energy calibration

C:\GENIE2K\CAMFILES\lege2_CAEN.CNF

Trigger HoldOFF (us):

Done
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