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Gamma Spectroscopy

Introduction

Nuclei have internal structure in the same way that atoms do and there are quantized internal energy states of nuclei just like there are for atoms. This leads to transitions between nuclear energy states and resultant emitted radiation (just like from atoms).  One big difference between atoms and nuclei is the scale of the energies for these quantized states.  In the Balmer lab, we were able to ionize hydrogen with a few tens of electron volts of energy.  For a typical nucleus, the ground state may be a million electron volts above the ground state.  We can’t easily excite these energy levels in order to measure the photons from their decay.  Instead, we will rely on radioactivity to populate excited states for us, and then measure the energy of the photons that are emitted as the nuclei relax to their ground states.

There are three primary types of radioactive decays:  alpha, beta, and gamma.  In alpha decay, a very large nucleus gets smaller by “boiling off” a helium nucleus.  In beta decay, a neutron (proton) turns into a proton (neutron) in order to make the nucleus more stable.  Both alpha and beta decays change the makeup of the nucleus itself, and often leave the daughter nucleus in an excited nuclear state. Alpha and beta decays are often followed by gamma decays as the excited daughter nucleus decays to its ground state by emitting a photon.  Gamma decays are similar to the atomic transitions that we studied in the Balmer lab where excited atoms decay to their ground states by emitting photons.  In the Balmer lab, we electrically populated excited states of hydrogen.  In this lab we will use beta decays to populate excited states in the daughter nucleus.  As with atoms, the energy of the photon emitted is determined by the difference between the excited state energy of the newly created nucleus and the ground state energy of that nucleus.  Thus gamma ray spectra consist of one or more gammas of very well defined energies.  You will study the gamma ray spectrum from a number of elements and discuss the effects seen. 

Apparatus

We will use a sodium iodide (NaI(Tl) detector to measure the spectrum of gamma rays given off in radioactive decay.  Photons knock into electrons in the NaI crystal giving them energy.  The high energy electrons then deposit energy as they travel through the crystal, and this energy is converted to light.  The light is detected by a photomultiplier tube (PMT) using the photoelectric effect.  The photoelectrons are amplified into an electronic pulse which is counted in a multi-channel analyzer (MCA).  The MCA histograms the pulse heights which means that it counts how many pulses come in with each energy.  If a lot of pulses come in with the same height, then you get a “peak” at that pulse height.  

This system is designed so that the light intensity (number of photons) produced in a single pulse is directly proportional to the energy of the incoming photon.  The photomultiplier and amplifier produce a voltage pulse whose height is proportional to the light intensity and thus proportional to the energy of the incoming radiation.  The electronics of the MCA then measure the height of each voltage pulse and build a histogram of pulse heights.  This histogram has bins whose width is controlled by the electronics and each bin simply counts the number of incoming pulses with energies falling in the bin range. Not only does the MCA collect the data; it also displays it as a histogram on a screen.  So the screen shows a picture of the number of detected pulses versus the pulse energy as shown schematically below.  We will go over this again at the beginning of the lab.


[image: image1.wmf]Number of counts

Channel Number (Energy)

0

256

512

768

1024

0

512

1024

1536

2048




Calibration

Each group will be responsible for one or two sources which emit one or more gamma rays.  Take a spectrum with your source and find the channel numbers for the prominent peaks.  Then look up the energies of the gammas that they emit on the Table of Isotopes.  Remember that the gammas are coming from energy levels in the daughter, not in the listed nucleus.  When each group has identified their principal peaks, we will combine all of the data to calibrate the MCA spectrum.  For each identified peak, graph the energy vs. the channel numbers.  You should get a straight line so that any other channel number can be easily converted to an energy. Note that Na-22 is known to be a strong positron emitter as well as a gamma emitter. 

Spectrum Analysis

Once calibrated look at your sources spectrum in more detail.  When you think that you understand the features of the spectrum, you will present the spectrum to the rest of the labs.  Spectral features to be on the lookout for:

· The Compton edge and Compton continuum.  Remember that for Compton scattering 
[image: image2.wmf])

cos

1

(

1

2

q

g

g

g

-

+

=

¢

c

m

E

e

E

E

.  The minimum amount of energy that the recoil gamma can take away is for the case of backscattering where 
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, which tends toward the value 255keV for high energy gammas.

· Lead x-rays at 72keV

· Backscatter peak near 255keV (for high energy gammas)

· Annihilation peak at 511keV (visible when source is a positron emitter)

(Physics explanations of all of these effects are provided in the lab.)

NOTE: The sources are radioactive.  They are not dangerously radioactive but they should be treated with care.  Try to minimize the time you spend near them.
NOTE: The statistics of radioactive decay are the same as those of x-rays.  Thus the longer you count the more accurate your counts will be. Standard deviation of a measurement of N counts is equal to √N so that several thousand counts are needed to get measurements with noise down to the 1% level.
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