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Gamma Ray spectroscopy

1. Purpose
The purpose of this experiment is to acquaint the student with some of the basic techniques for studying  (-rays, in particular the use of the multichannel analyzer (MCA).  A typical   emitter, such as 60Co, emits a number of photons of different energies, corresponding to different transitions within the nucleus.  A simple Geiger-Mueller counter does not differentiate between these energies, or even between different particles; it merely records the total number of particles entering the detector.

On the other hand a suitable detector, such as a scintillation detector, connected to an MCA can provide a complete   energy spectrum.  An incoming (  excites the scintillation crystal (say, NaI) producing visible light which is detected by a photomultiplier.  The photomultiplier output is a voltage pulse proportional to the energy of the
 (.  The MCA is a device which counts pulses and stores them in different channels depending on their magnitude, the larger pulses being stored in the higher numbered channels.  A typical MCA might contain anywhere from 2k to 16k channels.  The video output, as shown in Fig. 1, is a graph of counts per channel (ordinate) vs. channel number (abscissa) or, following calibration,  ( photon energy.
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The main "photopeak" is due to the incoming  ( giving up all its energy to the scintillation crystal.  The plateau to the left is due to Compton scattering of  (s by free electrons within the crystal.  The incident  ( gives up part of its energy to an electron, the amount given (and the intensity of the light produced) depending on whether the collision is head-on or glancing.  The energy, E', of the scattered ( is given approximately by

                        E' = E /[1 + 2E (1 - cos()]  ....(1)

where E  is the energy of the incident (  and ( is the scattering angle.  Here, energies are in MeV and we have assumed the electron rest energy is 0.5 MeV.  For head-on collisions, ( is 180o and maximum energy, Ee, is imparted to the electron.  From equation (1),

                        E' = E /[1 + 4E ]  ..............(2)

This is reflected in the "Compton edge" seen in Fig. 1.  It occurs at an energy Ee = E  - E'.  Compton backscattering also occurs in the material surrounding the detector.  The scattered ( then enter the crystal producing a "backscatter peak" at an energy given by equation (2)

As a part of this experiment you will be measuring the   absorbing properties of lead and aluminum.  From Lambert's law, the decrease in intensity of radiation as it passes through an absorber is given by

                         I = Ioe-(x  ....................(3)

where I  = intensity after absorber

      Io = intensity before absorber

      (  = "total-mass absorption coefficient" in cm2/g

      x  = "density thickness" in g/cm2 (density in
            g/cm3 times thickness in cm).

The "half-value layer" (HVL) is defined as the density thickness of the absorbing material that will reduce the intensity by half.  From equation (3),

                       HVL = 0.693/(  ...................(4)

2. Procedure

[image: image3.wmf]A block diagram for the  (-ray spectroscopy system is shown in Fig. 2.  Identify the different components and connect them as shown.  Have the system checked by an instructor before proceeding.  Set the detector supply voltage to 600 V.  Switch on the computer, change to the MAESTRO directory, and then click on the MAESTRO program.  The software provides you with straightforward pull-down menus which appear at the top of the screen, and most of what you will need for this experiment can be found on pages 7 through 14 of the Operator's Manual.

Place a 60Co source close to the NaI detector and click START in order to start acquiring data.  Accumulate the spectrum for a sufficient period of time to obtain well defined peaks.  Following directions in the Operator's Manual, perform an energy calibration using the 1.17 and 1.33 MeV peaks in the 60Co spectrum.

Replace the 60Co source with a 137Cs source and accumulate a new spectrum.  Measure the energies of the photopeak, the Compton edge and the backscatter peak, and compare the last two with theoretical predictions.

Place the 60Co source and the detector in the Lucite holder.  Use the Preset menu to give 60 second counts.  Obtain a 60 second count and record the area of the 1.33 MeV peak.  Repeat with 1, 2, ..., 8 sheets of lead between the source and detector, remembering to clear the buffer between each count.  Repeat with the sheets of aluminum.  Measure the thickness of both lead and aluminum sheets.  For lead, plot a graph of peak area vs number of absorbing sheets and, for both lead and aluminum, plot ln (peak area) vs density thickness.  (Density of lead = 11.3 g/cm3; density of aluminum = 2.7 g/cm3.)  From your graphs, obtain the total mass absorption coefficients for these materials for 1.33 MeV ( -rays.  Also obtain the half-value layers.
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