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Introduction to Germanium detectorsIntroduction to Germanium detectors

- - RADIATIONRADIATION
a) which kind of radiation? 

PHOTONSPHOTONS: produced in the decays of radioactive isotopes

b) what can they do in matter?

DETECTORDETECTOR DATADATARADIATIONRADIATION

PAIR PRODUCTIONPAIR PRODUCTIONPHOTOELECTRIC PHOTOELECTRIC 
EFFECTEFFECT

COMPTON EFFECTCOMPTON EFFECT

We will use TOTAL ABSORPTION EVENTSWe will use TOTAL ABSORPTION EVENTS
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Introduction to Germanium detectorsIntroduction to Germanium detectors

DETECTORDETECTOR DATADATARADIATIONRADIATION

- - DETECTORDETECTOR
a) which kind of detector? 

Closed-ended Coaxial Closed-ended Coaxial 
eeXtXtended ended RaRange Germanium detectornge Germanium detector

b) how does it work?

- large diodelarge diode with a reverse biasreverse bias
→ a POSITIVE outside potential

-                                  goes into the crystal
→ electron-hole pairs
→ under Electric Field

-      electrons go to n+n+ contact
-      holes go to p+p+ contact

p-type p-type 
crystal crystal 

radiation

How can we use such a detector?How can we use such a detector?
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Introduction to Germanium detectorsIntroduction to Germanium detectors

A)A)  The detector is in a  clean vacuum        clean vacuum        
     chamber     chamber

B) B) The detector has to be cooledhas to be cooled:
- reduce thermal charge carrier            

        generation (noisenoise)
- thermal contact with LNLN

22

C) C) charges collected on the electrodeselectrodes

- charge sensitive preamplifierpreamplifier
- sample resulting pulsepulse

Pulse amplitude proportional toPulse amplitude proportional to  
energy depositedenergy deposited  
in the detector!!in the detector!! 

 
What can be measured?  ENERGY SPECTRAWhat can be measured?  ENERGY SPECTRA
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Introduction to Germanium detectorsIntroduction to Germanium detectors

Features of Germanium detector → effect on the spectrumFeatures of Germanium detector → effect on the spectrum

- small energysmall energy required to create e-h pair create e-h pair               largelarge output signalsignal 

- ultra pure ultra pure material                intrinsic detection efficiencyintrinsic detection efficiency close to 100% 100%

                                                                                                  best possible best possible  energy resolutionenergy resolution 

  

- Resolution is better than expected from statistics
   (revealed on the full energy peak) 

1 single 1 single 
lineline

5 different 5 different 
lineslines



  7

Introduction to Germanium detectorsIntroduction to Germanium detectors

→ the total number of IONIZATION has a constraintIONIZATION has a constraint
THEY are not INDEPENDENTnot INDEPENDENT anymore

NO POISSONIAN STATISTICSNO POISSONIAN STATISTICS

- energy and momentum conservationconservation
- the energy deposited is a FIXED value EFIXED value E

00

- fluctuating BUTBUT not independent variables 
- NNxx 

lattice excitation
- NNQ Q   charge carriers

OBSERVED VARIANCE = OBSERVED VARIANCE = FF*POISSON VARIANCE*POISSON VARIANCE

First evaluation of the varianceFirst evaluation of the variance U. Fano, Phys. Rev. 72 (1947) 26U. Fano, Phys. Rev. 72 (1947) 26

Ɛ
i 
= 2.9 eV

E
g
=E

i 
= 0.66 eV

E
x 
= 21 meV 
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Experimental setupExperimental setup

- what can we measure with XtRa?   
Photons produced the decay chains of radioisotopesPhotons produced the decay chains of radioisotopes

Two kinds of measurementTwo kinds of measurement

Background measurementsBackground measurements
==

everything else but a source

NATURAL RADIOACTIVITYNATURAL RADIOACTIVITY

- cosmic radiation 
- terrestrial sourcesterrestrial sources

- potassium 
- carbon
- uranium and thorium

(decay chain elements)
- human produced sourcehuman produced source

- Cs from nuclear explosions

Source measurementsSource measurements

1) EASY1) EASY
- strong sourcesstrong sources
- not present in natural background

2) DIFFICULT2) DIFFICULT
- weak sourcesweak sources
- present in natural background

Energy spectra → IDENTIFY RADIOISOTOPESEnergy spectra → IDENTIFY RADIOISOTOPES
        →         → QUANTIFY THEIR ABUNDANCEQUANTIFY THEIR ABUNDANCE
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Radioactive backgroundRadioactive background

Experimental setupExperimental setup

- cannot measure a source without background 
- bkg SUBTRACTION is neededbkg SUBTRACTION is needed... but is it good enoughenough for weak sources?
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Experimental setupExperimental setup

Weak Sources: Potassium in food  Weak Sources: Potassium in food  

expected counts from the weak source in 1 hour → 20 counts
expected counts from the bkg radiation in 1 hour → 1000 counts

Signal is less than a fluctuation of the bkg!!! WE CANNOT SEE IT!!WE CANNOT SEE IT!!  

4040K 1460 keVK 1460 keV

- each food sample contains Potassium 

- 100 g of strawberry100 g of strawberry contains 153 mg of K 153 mg of K and 0.018 mg0.018 mg  of 4040KK
- small quantity of 40K →  small activityactivity expected!!

Decay schemeDecay scheme

Potassium is EVERY whereEVERY where 
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Experimental setupExperimental setup

- low energy regionlow energy region
Side wall   70% red     
Total shield  95% red.  

- Potassium peakPotassium peak
Total shield 88% red. 

How can we reduce the counts of backgroundreduce the counts of background?
- shielding the detector from natural radiation

LEAD SHIELD → high density and high Z can reduce the bkg!LEAD SHIELD → high density and high Z can reduce the bkg!
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Experimental setupExperimental setup

… and now... YES WE CAN!!YES WE CAN!!

signal +  bkgsignal +  bkg
bkgbkg
signalsignal

WHO CAN GUESSWHO CAN GUESS
  WHAT IS IT??WHAT IS IT??
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Experimental setupExperimental setup

… and now... YES WE CAN!!YES WE CAN!!

signal +  bkgsignal +  bkg
bkgbkg
signalsignal
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OutlineOutline
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- properties of Germanium detectors

→ Experimental setup
- bkg measurement
- strong and weak sources
- background reduction

→ → Data analysisData analysis
- calibration with KCl salt
-  measurement of food rich in Potassium

→ Conclusions
- summary
- outlook
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Data analysisData analysis

- with this experimental setup we can measure also WEAK SOURCESWEAK SOURCES!
→ we can measure the  Potassium contentPotassium content in different food sample

This are values that you can find in literature... but are they true??

We can do it but before...we need to we need to CALIBRATECALIBRATE the detector! the detector! 
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Data analysisData analysis

Define the experimental settingsexperimental settings:

1) position of the plastic container:1) position of the plastic container:
- vertical
- horizontal

2) relative distance between source and detector2) relative distance between source and detector

Check the detector responsedetector response to a WELL KNOWNWELL KNOWN quantity of K

MAXIMIZING THE GEOMETRICAL ACCEPTANCEMAXIMIZING THE GEOMETRICAL ACCEPTANCE

Known value of K : Spectrum
A 

= unknown value of K : Spectrum
B
 

Where:                      are obtained directly from the measured spectrumrom the measured spectrum

                                    can be calculated from the activitycalculated from the activity of the sample 
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Activity = number of decays per secondActivity = number of decays per second

 

 

  

Data analysisData analysis

Directly from the exponential decay law for N
0 
radioisotopes:

if we have some amount m
I
 of radioisotope it will be:

Potassium Chloride calibration saltPotassium Chloride calibration salt

- mass of the saltmass of the salt sample
- impuritiesimpurities
- mass of Potassium in KClmass of Potassium in KCl
- isotopic abundanceisotopic abundance for 40K
- atomic mass of atomic mass of 4040KK
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Data analysisData analysis
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Data analysisData analysis

- plastic container always put   
  verticalvertical
- same - same relative positionrelative position            
  of the source   and   the        of the source   and   the      
  detector  detector

- all food samples weighedweighed
- prepared in the same          same          
  plastic container  plastic container

→ try to have the same   same   
           acceptance           acceptance
- self absorption neglectedself absorption neglected 
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Data analysisData analysis

ZOOM ON THE ZOOM ON THE 
1460 PEAK!1460 PEAK!

Comparison of spectra from different food sample rich in potassium Comparison of spectra from different food sample rich in potassium 
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Data analysisData analysis

ZOOM ON THE ZOOM ON THE 
1460 PEAK!1460 PEAK!

Comparison of spectra from different chocolate barsComparison of spectra from different chocolate bars
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Data analysisData analysisData analysisData analysis

To be more quantitative:
- we can use the already known proportion!! 

Known value of K : Spectrum
A 

= unknown value of K : Spectrum
B
 

KCl spectrum
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Data analysisData analysis

Predicted mass
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ConclusionsConclusions

 - built a shield with high bkg reduction powerhigh bkg reduction power 

- good performancesgood performances of the detector with weak sourcesweak sources like strawberries

- measured Potassium contentPotassium content of 1313 different food samples

- figured out a non linear behaviour of the Potassiumnon linear behaviour of the Potassium content in 
  different cacao percentages choco bars

- Do they put less cacaoless cacao?
- Do they use different kind of cacaodifferent kind of cacao?

Just to summarize...Just to summarize...

Outlook:Outlook:
- simulationsimulation will be done to take into account self absorptionself absorption

- maybe...- maybe... choco barschoco bars measurement will 
be repeated with different chocolate brandschocolate brands  
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BACK UP BACK UP 
SLIDESSLIDES
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Introduction to Germanium detectorsIntroduction to Germanium detectors

- Signal formationSignal formation can be described with eventsevents:
- with low probabilitylow probability
- independentindependent one from each other
- with an avarage rateavarage rate which doesn't change in the period of interest

EXPECTED VARIANCE = POISSON VARIANCEEXPECTED VARIANCE = POISSON VARIANCE

OBSERVED VARIANCE = OBSERVED VARIANCE = FF*POISSON VARIANCE*POISSON VARIANCE

Ɛ
i 
= 2.9 eV

E
g
=E

i 
= 0.66 eV

- ionization            => electron-hole pairselectron-hole pairs

- lattice exitation   => phononsphonons

with  F<1

Physical reason: ENERGY and MOMENTUM CONSERVATION  Physical reason: ENERGY and MOMENTUM CONSERVATION  
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Activity = number of decays per secondActivity = number of decays per second

- from the exponential decay lawexponential decay law: if we have initially N
0 
radioisotopes

                            is the number of decays after a time t

- if we use the half life  t
1/2  and expand in Taylor seriesTaylor series we can obtain 

- if we have a certain mass of a radioactive isotope m
I

 

 

  

Data analysisData analysis

For a Potassium Chloride (KCl) sample :
- of mass m

KCl

- with a cenrtain amount of impurities i
tot 

we will have:
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Experimental setupExperimental setup

Name: 228228
9090ThTh  

Neutrons: 138138
Activity: 

Decay chain: 

Name: 6060
2727ThTh  

Neutrons: 3333
Activity: 

Decay chain: 

Isomeric transition 
with photon emissionphoton emission
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Data analysisData analysis

We can use strong sources to know the detector....
Fano Factor MeasurementFano Factor Measurement

→ energy resolution depends on ENERGY

→ scanning all the energy range in the 228Th spectrum
- choosing good peaks

- fit with a Gaussian 
=> exract the RMS

- check the dependence on energy

238   keV           212Pb
510   keV           510   keV           208208Tl Tl  
583   keV           208Tl           
727   keV           212Bi      
860   keV           208Tl
982   keV           208Tl    
1093 keV           208Tl                     
1620 keV           212Bi   
2614 keV           208Tl
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Data analysisData analysis

Fano Factor = (0.117 Fano Factor = (0.117 ±± 0.001) 0.001)
                                      

Electric Noise =  (1.24 Electric Noise =  (1.24 ±± 0.023) 0.023)

To be compared with the theoretical value: To be compared with the theoretical value: F = 0.13 in GeF = 0.13 in Ge
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