
Advanced Lab – JK/PCT Nuclear Activation Analysis 
 

Purpose: To examine the approach to saturation of a foil sample being activated by neutron 

capture. 

 

References: 
Segre, Nuclei and Particles. 

Siegbahn, Alpha, Beta, and Gamma Ray Spectroscopy 

Genie 2000 manual 

intro lab handout, Gamma Ray Spectroscopy 

 

Theory: 
If a sample is bombarded by neutrons, some nuclei in the sample will become activated (i.e. 

radioactively unstable) through the process called neutron capture.  The rate of production of 

activated nuclei is proportional to the flux of neutrons through the sample, the energy distribution 

of the neutrons (i.e. whether they’re “fast” or “slow” (also called “thermalized”)), and the neutron 

capture cross section of the nuclei being activated.  For a given sample at a constant distance from 

a long-lived neutron emitter, this rate will be a constant, P.  As soon as some nuclei are activated, a 

competing process begins: the activated nuclei, being unstable, can decay.  The rate of decay, R, is 

governed by the lifetime of the unstable nucleus and the number of activated nuclei, so that this 

rate grows as more and more nuclei become activated.  Therefore, at some point, the rate of 

production and rate of decay will become equal, and a dynamic equilibrium will be reached.  This 

is referred to as saturation, since at that point there will be some maximum number of nuclei 

activated.  Writing the time rate of change of the number of activated nuclei as 
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you can show that the activity A (= decay constant λ times number of activated nuclei N, hence a 

quantity measured in number per unit time) approaches a saturation value As according to  
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It is this saturation curve which you will measure experimentally for neutron capture by In-115: 
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The unstable indium nuclei then beta decay: 
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with a half life around t1/2 = 54 minutes.   

 

Procedure: 
Use a sodium iodide (NaI) detector with a SpecTech controller as your source of pre-amp 

power, high voltage, and data acquisition.  Set up the SpecTech in pulse-height analysis (PHA) 

mode.  In this mode, the SpecTech will act as a multi-channel analyzer (MCA).  A pulse coming 

into the MCA from the detector will be assigned to a bin in the MCA corresponding to the pulse’s 

height (in volts, between 0 and 10 V).  To determine what pulse heights are assigned to which bins, 

use a sealed gamma ray source such as Na-22 (which produces two well-spaced gamma rays) to 

calibrate your MCA’s energy response.  Set the MCA’s gain so that you can observe gamma ray 

energies out to at least 2.1 MeV, since 2.112 MeV is one of the known energies of the gamma rays 

from the decay of Sn-116.  Then, use your calibrated detector to look at the spectrum from a fully 



activated indium foil (left in the barrel overnight).  Compare the photopeaks you find with the 

energy level diagram in the Table of Isotopes and identify a strong peak to use for your 

measurements – you will have to fit a Gaussian to each of your measurements, so look for a peak 

that is symmetric, well-separated from other peaks, strong, and sits on a fairly level baseline. (By 

the way, once you can recognize the peaks in the decay scheme of Sn-116, you can use their 

energies from the Table of Isotopes to set your energy calibration.  Check your calibration often, 

because the NaI detectors and their power supplies are known to drift, moving peaks around to 

different bins on the MCA.)  

To start, measure the decay rate of a fully activated indium sample, taking at least three 

hours of data, initially at 15 min intervals.  Use a live time of 60 seconds for each scan, save your 

scans, and export your data into Origin to fit the peak for each measurement, calculate the activity 

values, and plot them as a function of time as the source decays toward zero activity.  Record the 

mass of the foil you use, as well, since in the second part of this experiment you will need to correct 

for foil mass, measuring activity per unit gram. 

Then, for the second part, starting always with unexposed, unactivated indium foils, 

expose each foil to the neutron source for a particular time, always at the same distance from the 

source.  Expose the first source for 15 minutes, the second for 30 minutes, the third for 45 minutes, 

and so on.  The four-port source barrel will make this less tedious, since you can put all four foils 

into the barrel at once and then remove one (and put in a new foil to start activating) every 15 

minutes.  Timekeeping will be very important.  Use a stopwatch, starting it at the moment you and 

a partner simultaneously push all four source holders into the barrel ports.  Then, when 15 minutes 

have elapsed, quickly remove one holder, get the activated source out of it and put it under your 

detector, and put a new foil in place, inserting it right on the 16 minute mark.  The one minute that 

elapses as you do this is not wasted time, since there is a short-lived (about 14 second) decay of 

In-116 which you must allow to decay away before you start counting anyway.  Also on the 16 

minute mark, start your detector and collect the spectrum for a live time of 60 seconds; when 

background subtracted and converted to activity units, the area under the photopeak you have 

chosen to use will be one data point on your second graph of A/m vs t, in which you watch the 

approach toward saturation.  Record the mass of each foil (using a sensitive balance with the help 

of the Chemistry Department) along with your measure of its activity, the detector live time, and 

exposure to source time.  Also take a good number of background readings with the source barrel 

in the room! 

 Finally, expose an unknown alloy of indium and some other (non-activating) metal to the 

neutron source at the same distance as the pure indium foils were exposed.  Measure its saturation 

activity and mass.  

 

Analysis: 
Graph the activity as a function of elapsed time for both the decaying source and the 

activating sources (on separate graphs).  Correct your activation counts for the number of nuclei in 

each sample, as derived from the foil masses.  Derive measurements of the saturation activity, 

decay constant, and half-life from each graph and compare them with each other and, in the case of 

half-life, with the accepted value.  Then, use your alloy’s activation, your activation graph, and 

your mass measurements to estimate the number of activated nuclei in the alloy, from which you 

can deduce the percentage of indium in the alloy. 

 

 


