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NaI NaI γγ-spectrometer-spectrometer
Aluminium foils irradiated in IRRAD 
facilities (24 GeV/c proton beam) to 
be used as dosimeters

unstable nuclei of  24Na 
– produced during irradiation of produced during irradiation of 2727AlAl
– decay with half life time of 15 hoursdecay with half life time of 15 hours

decay of 24Na produces the emission 
of two distinct γ-rays 

emission spectrum is acquired with 
the NaI spectrometer

measuring the activity of the 
aluminium allows us to compute the 
fluence
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ScintillatorScintillator

NaI crystal, activated 
with Thalium

4 x 4 inches

γ rays transfer part of 
energy to electrons

de-excitation with 
emission of 
fluorescent radiation
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PhotomultiplierPhotomultiplier

converts the weak light 
output into electrical 
signal

photocatode
– conversion photons conversion photons 

to low energy eto low energy e--

multiplicator tube
– amplification by amplification by 

secondary emissionsecondary emission
– final signal  final signal  

proportional to initial proportional to initial 
energy of energy of γγ’s’s
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Preamplifier and TISA CardPreamplifier and TISA Card

Preamplifier 
– TC155ATC155A
– amplifies the signal coming from the amplifies the signal coming from the 

photomultiplierphotomultiplier
– very high counting rates very high counting rates  pileup  pileup  dead time dead time

TISA target systemelectronic (Germany)
– main amplifiermain amplifier

1 1 µµss
– multichannel analysermultichannel analyser

ADCADC
depending on the measured energy the counter depending on the measured energy the counter 
of a channel is incrementedof a channel is incremented
4096 channels (we used 1500)4096 channels (we used 1500)

– power supply: 1.25 KV maxpower supply: 1.25 KV max
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Why aluminium samplesWhy aluminium samples

aluminium foils: easy to 
have same shape of the 
element we want to 
irradiate

easy way to measure 
fluence:

– weight the sampleweight the sample
at 0.1 mg precisionat 0.1 mg precision

– put into the put into the 
spectrometerspectrometer

– start WinFluencestart WinFluence

– when statisfied stop when statisfied stop 
the acquisitionthe acquisition
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Why an Why an ad hocad hoc program? program?

a lot of good programs for spectrometry

but not so easy to use

with WinFluence
– every user performing irradiation can do the measurement by himselfevery user performing irradiation can do the measurement by himself
– optimized for our applicationoptimized for our application
– key features protected against inappropriate handlingkey features protected against inappropriate handling

prompt results just after the end of irradiation (the user is still here!)

error on fluence  7% at best≈



2004 September, 32004 September, 3 Lorenzo MasettiLorenzo Masetti

NaI vs. GeNaI vs. Ge

30 KCHF

higher 
efficiency

easy 
maintenance

minimum 500 
Bq

100 KCHF

higher resolution

better Signal To 
Noise ratio

large energy range

time consuming 
maintenance

starts from 1 Bq

BOTH USEFUL!!
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Decay of Decay of 2424NaNa

24Na decays in 24Mg and emits two γ ’s of energy 
2.754 and 1.368 MeV

2424Na

γ1 (2754 keV)

γ2 (1368 keV)

2424Mg

4.12 MeV

1.37 MeV

0

1368 keV

2754 KeV

511 keV

peak at 511 keV: pair peak at 511 keV: pair 
productionproduction
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How to measure the fluenceHow to measure the fluence

After irradiation activity goes down 
exponentially

With WinFluence we measure the 
average activity during the counting 
time

With some math we can compute the 
flux and the fluence

During irradiation: production and 
decay
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  A typical spectrumA typical spectrum
A typical spectrum 
acquired by 
Fluence has 
several peaks

we are interested 
on the peak at 
1368 keV
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How to find the integration boundsHow to find the integration bounds

search starts from two 
points given by the user

by default ROI is around 
1368 keV

values of the channels 
are summed 10 by 10 to 
avoid the sensing of false 
marks

the mark is found when 
there is a significative 
increase
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Subtracting the backgroundSubtracting the background

background noise must 
be subtracted

the trapezoid area is 
subtracted from the 
total counts

height of the points: 
average of the values 
of 20 channels on each 
side 
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My work on the programMy work on the program
an old program for MS-DOS written 
in Pascal was still working on 2004
(since 1998)

it was outdated and will be replaced 
by the new program written in Delphi 
and running under Windows XP

…but still using the old ISA card (not 
PCI !!)
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Client – server architectureClient – server architecture

TISA card is old (1997) and has only 16 bit drivers

communication only possible through a  16 bit server

works on the network

Client (Delphi)
32 bit

Win XP

Server (C++)
16 bit
Win16

DLL Driver
16 bit

Card 
Hardware
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Absolute efficiencyAbsolute efficiency

Counts per second:

( Peak Area ) / ( Counting Time )

Absolute Efficiency is

( Counts detected ) / ( Total Gammas Emitted )

around 1.4 %



2004 September, 32004 September, 3 Lorenzo MasettiLorenzo Masetti

Efficiency CalibrationEfficiency Calibration

measurement depends on absolute efficiency of the 
system

to estimate absolute efficiency we used certified 
radioactive sources 

sources certify:
– activity at a certain time activity at a certain time 
– half life timehalf life time
– peak energypeak energy

to calibrate the spectrometer..
– measure present counts per secondmeasure present counts per second
– compute the absolute efficiencycompute the absolute efficiency
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Efficiency interpolationEfficiency interpolation

efficiency is not constant for all energies

estimating the efficiency
– measure the efficiencies for different peaksmeasure the efficiencies for different peaks
– interpolate in the point of interestinterpolate in the point of interest

fitting curve 
is a 
polynomial 
on the 
logarithm of 
the values
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Monitoring the beam trendMonitoring the beam trend

WinFluence can access 
the database of SEC 
measurement for the 
beam flux (if it exists)

check if the shuttle was 
in beam during 
“irradiation”

to avoid errors

possibility to compute a 
factor to correct the 
value of the fluence
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Screenshot: first formScreenshot: first form
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Screenshot: information formScreenshot: information form
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Screenshot: acquisitionScreenshot: acquisition
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Screenshot: resultsScreenshot: results
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Screenshot: beam trenScreenshot: beam tren
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Screenshot: advanced featuresScreenshot: advanced features
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Screenshot: channel calibrationScreenshot: channel calibration
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Screenshot: server optionsScreenshot: server options

10 tabs like this!
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Screenshot: efficiency interpolationScreenshot: efficiency interpolation
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For the future…For the future…

18 pages of 
documentation

Possibility to modify 
the program

I hope to do my thesis 
on this project
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Thanks..Thanks..


