
 

 

FYSA2002/K3 (FYSA2002/1) Lifetime of an excited state 

 

In this laboratory exercise, you will become familiar with the exponential decay law 

and define the lifetime and half-life of the 661.7 keV state in 137Ba. In the course 

FYSA2002, this laboratory work can be done also as a bonus laboratory work (up to 6 

bonus points) if the measurement is followed by a complete report.   

 

1 Basics 

1.1     Radioactive decay 

 

Literature: 

- Harris: Nonclassical Physics. Ch. 10.6 

- Williams: Nuclear and Particle Physics Ch. 2.3, 2.4 

- Kai Siegbahn (ed.): Alpha-, Beta- and Gamma-ray Spectroscopy. Chapter VIII, 

§10.1. ”The Disintegration Cs137 Ba137 33years”. 

 

Radioactive decay is a statistical process, where the decay moment of a single nucleus 

can not be forecasted. However, for a large number of decaying nuclei we can determine 

the mean lifetime. Radioactive decay speed, activity, is proportional to the number of 

nuclei N 

𝐴 = |
𝑑𝑁

𝑑𝑡
| = 𝜆𝑁,         (1) 

where λ is the decay probability [1/s]. Since the decy decreases the number of decaying 

nuclei, we have the relation 

𝑑𝑁

𝑑𝑡
= −𝜆𝑁.         (2) 

The solution of the differential aquation is the decay law 

𝑁 = 𝑁0𝑒−λt,          (3) 

where N0 is the initial number of nuclei and N the number after the time t. Since equation 

(1) holds, we can express equation (3) as   

𝐴 = 𝜆𝑁 = 𝜆𝑁0𝑒−𝜆𝑡 = 𝐴0𝑒−𝜆𝑡.      (4) 

Figure 1 shows an experimental decay curve for 137mBa. If we plot 𝑙𝑛
𝑁

𝑁0
 as a function 

of time, we get a straight line 

𝑙𝑛
𝑁

𝑁0
= −𝜆𝑡          (5) 
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Figure 1. Experimental decay curve of 137mBa. 

 

        

Mean lifetime is obtained from the decay probability  

𝜏 =
1

𝜆
  ,          (6) 

and the half-life from the decay law:  

𝑡1 2⁄ =
ln 2

𝜆
= 𝜏 ln 2.        (7) 

If the parent nucleus decays to the child nucleus, which is also unstable, the decay 

follows the equation 

𝜆𝐵𝑁𝐵 = 𝜆𝐴𝑁𝐴
𝜆𝐵

𝜆𝐵−𝜆𝐴
(1 − 𝑒(𝜆𝐵−𝜆𝐴)𝑡)       (8) 

At some moment, child nuclei decay and form same amount and the system is in 

balance. At this point, the number of child nuclei reaches its maximum (provide that B 

> A). 

 

1.2     Isotope generator 

 

For example in medicine short-living isotopes are used for imaging. Therefore, they are 

needed constantly. Hospitals do not have opportunities to produce them by themselves 

and short-living isotopes cannot be transported long distances. A solution to this 

problem is an isotope cenerator, where a long-living isotope decays to a short-living 

isotope. Some liquid, usually some acid, is shed through the generator and liquid reacts 

with the child atoms, but not with parent atoms. Thereby we get liguid, which contains 

the desired short-living isotope. This method is called elution. 
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In this laboratory work, we use the 137Cs – 137mBa generator. The decay process is 

illustrated in Fig. 2. 94.4% of 137Cs decays lead to the 137mBa excited state (m = 

metastable), whose half-life is 2.55 minutes. This excited state de-excites to the ground 

state by emitting the 661.7 keV gamma ray. The parent nucleus 137Cs decays via the  

β- decay with half-life of 30 years. 

In elution, most 137mBa nuclei come out from the generator. After elution, the amount 

of 137Ba returns to normal (after 12 minutes already 96%). There is a small amount of 

long-living 137Cs nuclei in eluted liquid, therefore the liquid must be handled with care. 

The 137Ba activity decreases in half an hour to one promille from the original level.  

 

 

 

2 Measurements 

The same data collection setup is used as in the work ”X-ray fluorescence”. As new 

features in measurement application GRAIN, MCS and multispectum feutures are used. 

Instructions for using the application and the isotope generator are available at the 

workstation. The instructor shows the setup and biases the Ge detector.  

The measurement starts with energy calibration. Place the 60Co source in front of the 

detector and collect the calibration spectrum. Fit the 1773 and 1332 keV peaks to find 

out their locations (channel numbers) and calculate calibration coefficients. The 

channel – energy relation is linear 

𝐸𝛾 = 𝑎 + 𝑏𝑥 , 

where x is the channel number. 

Next, measure the spectrum of gamma radiation coming from the isotope generator and 

to check the energy calibration, determine the energy of the transition in 137Ba. 

 

 

Figure 2. Decay of 137Cs (Source: http://atom.kaeri.re.kr) 
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Prepare the GRAIN software to record the energy and time information so that time 

information of spectra can be analysed afterwards. Activate MSC and multispectrum 

measurements in GRAN. Before elution, make sure that you can operate the 

measurement. Practise, if needed.  

In elution, 0.04M HCl solution containing 0.9% NaCl is shed through the generator. 

Let the eluation solution drip into a test-tube. Close the tube and place it in front of the 

detector.  Avoid any delays while starting the measurement.  

Determine the halflife in two ways. In multiscling (MCS) method all data is collected 

in consecutive channels, for example all events occuring within first 10 seconds to 

channel 1, those within next ten seconds to channel 2, and so on. In the following, this 

is called time spectrum.  

Another way to determine the lifetime is multispectrum measurement. In that we 

measure several spectra (in this case, 5) each containing counts from the consecutive 

time periods (for example three minutes each). By determining peak areas of the 661.7 

keV peak we get five data points for graphical analysis.  

Copy he time spectrum (in asci format) from the MCS method to a plotting program 

and plot the spectrum. Determine the lifetime by fitting an appropriate function to the 

data points.  Calculate also the half-life.  

Fit the 661.7 keV peak in all five spectra obtained using the multispectrum method. 

Determine the lifetime and the half-life graphically using either one of two ways: 1) 

plot the data points (t, peak area) and fit an expontial function to points. 2) Plot (t, 

ln(area) and fit a straight line to the data points. Include error bars (= √𝑝𝑒𝑎𝑘 𝑎𝑟𝑒𝑎) in 

the plot. Print the spectra and attach them to the report.  

In the end, compare the two methods used for determing the lifetime (and half-life) with 

each other.  

 


