
Advanced Lab – PT/JK  Radiation Detectors 
 

Purpose: To investigate the capabilities, characteristics, and operation of two energy-sensitive 

radiation detectors. 

 

References: 
Weidner and Sells, Elementary Modern Physics, 3rd ed. 

Segre, Nuclei and Particles, 2nd ed. 

Table of Isotopes. 

KC Physics intro lab handout, Nuclear Spectrometry. 

 

Theory: 
In this experiment you will compare and contrast the properties and performance of two 

nuclear detectors - a scintillation detector (thallium-doped sodium iodide crystal) and a 

semiconductor detector (germanium).  You should review the operation of each detector in class 

notes and the references given above.  These detectors preserve information on the energy of the 

gamma ray corresponding to each pulse (producing approximately 1 output electron per 3 keV of 

gamma ray energy for NaI and about 1 electron-hole pair per 3 eV of gamma ray energy for Ge), 

unlike the Geiger-Mueller tubes and ionization chambers used in some of our other nuclear and 

X-ray experiments. 

You will measure the resolution R (lower is better) and photoefficiency η of each detector 

as functions of energy, using the photopeaks from a variety of gamma ray sources to probe as 

wide a range of energies as possible.  The resolution R, measured by the ratio of the width to the 

centroid energy of each photopeak, should vary inversely with gamma ray energy to some 

power, as discussed in class.  The photopeak efficiency η, measured as the ratio of the number of 

events detected in the photopeak divided by the total number of gamma rays expected to be 

impinging on the detector, should be given by  
xme
 

1        (1) 

where μm is the mass absorption coefficient for the detector material, ρ is its density, and x is its 

apparent thickness (from the perspective of the gamma ray source). 

 

Procedure: 
The NaI (scintillation) and Ge (semiconductor) detectors should be connected to two of 

the multichannel analyzers (MCAs) in the NIM (Nuclear Instrumentation Module) bin module 

labeled Canberra Multiport II.  Each detector is supplied with a high voltage from a power 

supply, also contained in a NIM.  Each also requires a preamplifier and an amplifier.  For the NaI 

detector, the preamp is the cylindrical silver piece plugged into the back end of the many-pinned 

photomultiplier tube (PMT) which makes up the bulk of the NaI detector’s body.  The preamp 

for the Ge detector is similarly built into the detector.  The outputs of those preamps then go into 

NIM amplifiers whose gain is adjusted using knobs on the front panel of the NIM bin.  These 

NIM amplifiers each have two outputs - a bipolar pulse output, used for setting up a detector 

system and diagnosing problems, and a unipolar output which should be used when making 

measurements. 

Before using the MCA boards for taking spectroscopic (i.e. energy) data, calibrate the 

energy scale (and record in your notebook the data points you enter in the calibration box) for 

each MCA.  Follow directions in the intro lab handout on nuclear spectroscopy to do this, but use 



ALL the gamma ray sources in your set, not just 137Cs.  Estimate appropriate error bars 

(remember, FWHM = 2(2 ln(2))0.5 σ for a normal distribution) and plot your calibration data in 

Origin (don’t just print the graph from Genie 2000!), with error bars, to examine the linearity of 

each energy-sensitive detector.  While you will have to re-calibrate each time you take data (and 

perhaps in the middle of long data sessions, too, b/c the high voltage power supplies sometimes 

exhibit bothersome drift!), you need only plot your first calibration set for each detector.  You 

must still document each subsequent calibration by recording the calibration data, though! 

Take gamma ray spectra from each plastic disk source with each detector, choosing your 

live time for each source appropriately, to achieve comparable signal-to-noise ratios among the 

different spectra.  Extract all photopeak data from these spectra and tabulate fit values and 

measurements necessary to calculate R and η.  To find the total number of gamma rays expected 

to impinge on the detector during an observation, use 
t
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where G is a geometric factor depending on detector size, shape, and distance from the source, B 

is the branching ratio from the nuclear decay scheme, T is the live time over which you collected 

the spectrum, Ao is the initial activity of the source at a time t ago, and λ is the decay constant of 

the source, related to the published half-life in the usual way (derive this relationship in your lab 

notebook). 

 

Analysis: 
Include a clear and complete analysis of your findings, including the following elements: 

Graph your measured values for resolution and efficiency as functions of gamma ray energy, 

looking for trends; include both NaI and Ge results on a single graph for each quantity.  Make 

appropriate fits to your results and include theoretical curves or accepted values for each type of 

detector.  You will need mass attenuation coefficients as a function of wavelength for 

electromagnetic radiation traversing each type of crystal (sodium iodide, germanium).  These 

data are available using the XCOM program, on the physics.nist.gov/PhysRefData website.  

Since the geometry of the germanium detector makes measuring a literal thickness x for the 

depletion region difficult, you should analyze those data two ways – use diagrams from the Ge 

detector manual to make some guess at the thickness of the depletion region, but also try 

working backward, comparing your measurements with accepted values for the germanium 

efficiency and calculating a value for the effective thickness x.  Remember to explain the 

physical principles underlying each detector’s operation - how it responds to ionizing radiation 

(particularly gamma rays), how its response is collected and amplified, what limits its 

performance (resolution, efficiency, count rate, etc.). 

 

 

 

  



(use nist.gov, XCOM, to generate accepted values; this graph for visual reference only) 

 
 


