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Med Phys 4R06/6R03                                                Experiment #11 
 

HyperPure Germanium Detector 
 

Introduction 
The aim of this experiment is to be familiar with a HyperPure Germanium (HPGe) detector 
used as a -ray spectrometer. The dependence of the energy resolution on the shaping 
parameter will be investigated. Both energy resolution and efficiency will be explored as a 
function of -ray energy. 
An “unknown” neutron activated sample will be provided for the nuclides(s) it contains to 
be identified and activity to be assessed. Hence the quantity of original material present 
will be estimated. 
 
Experimental Arrangement and Procedure 
Use the control software of the digital pulse processing system for setting and changing 
parameters for high voltage bias, shaping and MCA.  
Make sure that the high voltage bias is 0 V. Setup the cable connections between the 
preamp and the digital pulse processing system: preamp dc power, high voltage and signal 
connectors. 
Set the high voltage to the recommended value for operation. Check the polarity carefully ! 
 
 

1. Shaping parameter optimization:  
Set the A-D conversion gain at 8k or 16k and destroy the channel-energy calibration of the 
MCA. 
Position both 60Co and 137Cs sources so that the total counting rate is ~ 2,000 counts/s.  
From the shaping parameter settings, set the rise time at 2 s and the flat top at 1/3 of the 
rise time. Adjust the pole-zero cancellation.  
Collect a spectrum so that the statistics of a full-energy peak from the source is good 
enough. Mark the region of interest for the peak.  
Record the counting times (live, true and dead times), the ROI information of the peak 
(center channel, FWHM in channel numbers, peak area).  
Change the rise time to 4, 6, 12, 18, 8 s and repeat the process. 
 
 

2. Energy calibration: 
Make sure that the rise time is set at 8 s.  
If necessary, adjust the amplifier such that energies from 0 to 4 MeV can be stored on the 
MCA.  
Using 241Am (59.5 keV), 60Co (1173.2, 1332.5 keV) and 137Cs (662.5 keV), produce a 
linear energy calibration Write down the channel-energy calibration equation.   
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3. Unknown sample measurement: 
- Set the live time at 10 min. 
- Choose a sample and write down its mass. 
- Sample activation: 
Activate sample with thermal neutrons for 10 sec.  
Turn on the clock at the moment of the irradiation end. 
 
- Position the sample so that the dead time is less than 20 %.  
- First 10 min counting:  
Start counting and record the decay time after irradiation. Save the spectrum in txt format. 
 
- Second 10 min counting:  
Start counting and save the spectrum in txt format. 
 
- Remove the sample and take a 10 min background spectrum. 
- For each spectrum, find peaks and mark their ROIs, and create the ROI report file 
including peak energy and area.  
 
 
4. Energy resolution and efficiency calibration: 
Position the Eu calibration source at a distance ~ 20 cm and mark ROIs for the gamma-rays 
listed in the table.  
Collect a spectrum so that the area of each peak exceeds > 3,000 counts.  
Record the center, width and area of each peak.  
Save the spectrum in txt format. 
Create the ROI report file including center, width and area of each peak.  
 
 
Analysis and Questions  
 

1. Plot the relative peak width, i.e. the peak width divided by the center channel as a 
function of the rise time. Which rise time is optimum for the energy resolution ?  
Similarly, plot the true time peak counting rate (peak area divided by the true (or real) time) 
as a function of the rise time and explain its trend. 
 
 

2. From the efficiency calibration measurement (Eu source), calculate the energy 
corresponding to each peak center channel using the linear energy calibration result.  
Plot the deviation of the energy (calculated – true) as a function of the -ray energy. 
Estimate the maximum deviation (or non-linearity) of the system.  
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3. Plot the energy width of each peak as a function of the -ray energy (use a logarithmic 
scale for the vertical axis). Add a line expected theoretically.  
Discuss the consistency between measured and expected trends. 
 
 
 

4. Using the attached activity data of the Eu isotopes, calculate the activity of each Eu 
isotope on the lab date.  
Using the emission probability data in the attached table, calculate the emission rate of 
each Eu -ray line.  
From the measured peak counting rates, list and plot the peak efficiency data (log -ray 
energy versus log efficiency).  
Keeping the log-log plot, try a simple line fitting in the energy region of 100 ~ 1500 keV. 
 
 
5. From the -ray energies of the unknown sample, identify major nuclides present.  
The Radiation search menu of the LBL “WWW Table of Radioactive Isotopes” linked at 
the course website may be helpful.  
For radionuclides emitting multiple gamma-rays, carefully check whether all gamma-ray 
energies with high emission probabilities showed up or some of them are missing in the 
spectrum.   
 
Analyze the half-lives of the radionuclides from the two consecutive 10 min counting data 
and compare with the evaluated data at the Table of Radioactive Isotopes library.  
 
From the length of irradiation, the neutron fluence rate (31012 n/cm2s), the neutron 
capture cross-section and the detector efficiency, estimate the masses of which elements 
gave rise to the nuclides you observed.  
The thermal neutron capture cross-section data are available at the course website.  
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Eu calibration source activity & emission probability  
 
 
 
 Activity on Nov 25, 2009: 

Eu-152: 1.20 MBq (5% uncertainty),   Eu-154 : 145 kBq (5% uncertainty) 

 

 

 Emission probability data: 

Isotope           E [keV]         Emission probability per decay 
Eu-152       121.8                  0.284 
Eu-154       123.1                  0.405 
Eu-152       244.7                  0.0755 
Eu-152             344.3                  0.2658 
Eu-154             723.4                  0.2005 
Eu-152             778.9                  0.1294 
Eu-152             964.0                  0.146 
Eu-152           1112.1                  0.1356 
Eu-154           1274.5                  0.349 
Eu-152           1408.0                  0.2084 


