    GAMMA SPECTROSCOPY (Rev 6/2013)   

SETUP

Some of the setup may already be done for you. You are using a scintillation detector. For information about this type of detector see book by Knoll in back cabinet. You will need to make several connections using BNC cables as shown in diagram. There are several types of cables that may look alike. If the connector does not fit, you may be using a power connector rather than signal connector. Use the 50-ohm cable to connect front panel unipolar output of amplifier to scope. Use the cable with the large connector on one end instead of BNC to connect detector to HV power supply. Use 50-ohm cables to make remaining connections. The “blue” amp has been replaced by a different amplifier. Use the adapter cable to provide 10v to preamp connection on scintillator tube.
NOTE: Gain settings vary with power supply, detector and amplifier. Instructor needs to check and provide initial gain setting before students use equipment. Amp settings are chosen to use most of the display space. However do not exceed peak height of 8v as shown on scope. Instructor may want to change number of channels from 512 default value. Do not change amp settings once you start taking data.
PART A: DETERMINATION OF UNKNOWN SOURCES

PROCEDURE

1. You will identify isotopes producing gamma rays by measuring the energy of the gamma rays. For the time being leave the computer off. Put the Co(60) source in the second shelf (from top) in the lead shield.
2. Turn on bin power supply. On HV supply turn coarse knob to 500 and fine knob to 400. Look at the signal on the scope. Select pos/neg amplifier switch for positive unipolar signal on scope. Besides the bright green peaks from the source, you will see other signals coming and going due to cosmic rays and other background sources. Adjust amplifier gain and scope controls until you get a signal like that in Fig 2 in handout. Adjust gain so peak voltage is 7-8 volts. If you cannot get a signal or it does not look right call Instructor.  

3. Turn on computer. Close any stray boxes that pop up. Click to start Gamma Acquisition program (Genie 2000). Under File select datasource.  Select Detector. Highlight DET01. Click open. 

4. Start the Genie 2000 program counting. The program is currently set to count for 30 sec. You may have to change this depending on strength of source. If you do not see peaks appear call Instructor. Adjust gain if needed so the 2 large Co (60) gamma ray peaks are close to the right side of screen. To get data for a peak put mouse arrow on peak and click or use arrows to move white vertical line around.  Use scroll bars to reduce height of peak. Record channel number of the two peaks for Co(60) on right of display. Save graph and print. Use Data Plot in File Menu. If this does not work ask instructor about alternate means to print. Clear display before getting another spectrum.  

5. Repeat steps to obtain spectra of Sodium (22) and Cesium (137).  Look at handout to see which peaks you need channel numbers for.
6. The location of the peaks depends on the voltage applied to the detector and the amplifier setting as well as the energy of the gamma rays. In order to use the program to find the energy of the peaks in the graphs of the unknowns you must first calibrate the display. Use graphs supplied to identify the energy of the 5 peaks of the knowns obtained above. Do an energy only calibration. See Calibrate menu. Use keV as energy unit. Verify that the peaks are now showing correct energy within a few keV. If not get new spectra and repeat calibration.
7. If steps 7-10 are not done on same day as calibration above, calibration may need to be repeated. Obtain spectrum of unknown #1. Determine the energy of the peak(s). Print spectrum for your report. 
8. Obtain spectrum of unknown #2. Determine the energy of the peak(s). Print spectrum.

9. Obtain spectrum of unknown #3 (labeled unknown). It is a mixture of one of the isotopes used for calibration and an isotope to be identified. Determine the energy of the peaks. Print spectrum.

10.  Proceed with collecting data for parts B & C. See Analysis section for rest of    Part A. 
NOTE TO STUDENT: When you are through for the day turn off the computer and oscilloscope. Turn the HV power supply knobs to lowest settings. Then turn off bin power. Put sources back in red case.
          PART B

          CALCULATION OF ACTIVITY

1. Follow this procedure using a Cs (137) sample and 662 Kev peak to determine the total activity of the sample. Use a source from 2004 or 2007. 

2. Put the sample in the 3rd shelf (from top) of the shield. Do a 300 sec count. Use the white markers to mark the left edge and right edge of the peak. Use the Genie 2000 Time Info controls to find the data of this ROI (region of interest). You want the integral value (total counts under peak).

3. Remove the sample and get background count integral using same left and right boundaries.

4. See Analysis section for rest of this part.

Note: Efficiency depends on detector, energy, shelf, and sample. If some instructor wants to use different isotope or equipment they will have to figure out a new value for efficiency. For example efficiency of newer samples is around 1.3% for a sample on shelf 3. If using samples from 1968 use 1.8% as efficiency.

PART C

ABSORPTION OF GAMMA RAYS: HOW MUCH LEAD DOES IT TAKE TO CUT THE INTENSITY IN HALF?

1. Use a Cs (137) source. Put the sample on bottom shelf.
2. Get a spectrum with no absorber. Run for 100 sec. Use the markers to mark the where the peak starts and stops. Get the total count (integral of ROI).

3. Absorbers go on shelf above source. Get total counts for each absorber for 100 sec runs. Use absorbers 20 through 25 in the wooden box.
4. Combine the absorbers so you get measurements for at least 10 values of absorber thickness other than zero. 

5. Remove source and absorbers. Get a background count.

6. See Analysis section for rest of this part. The “ thickness” values of the lead absorbers are given on the box lid in gm/sq.cm.
                                        ANALYSIS

PART A

11. The unknowns were chosen from the list below. Use the isotope books in the back cabinet to find the energies of the most common decay schemes involving gamma rays for these isotopes.
12. Determine the identity of the unknown isotopes by comparing your energy values with those from isotope books.  What are the two isotopes in unknown #3?  

 LIST OF POSSIBLE UNKNOWNS

 Ba 133

 Ba 137

 Co 57

 Cd 109

 Mn 54

 Zn 65 

 K 40
 Am 241
PART B

5. Correct total count (integral) for background and calculate counts per second. 

6. Only part of the gamma rays end up inside the detector. The count needs to be corrected for efficiency. Use 1.25 % for sample in red box dated 2004. Use 1.38% for sample in red box dated 2007.  

7. The isotope can decay by more than one means. There are two corrections. One used to be 92% but check for newer value. Use the isotope books to find the other correction. Correct counts/sec for this to get total activity due to all decay modes.

8. Convert counts per second to curies.  

9. Compare your result in curies to value given on sample. Before comparing you will have to correct for decay since date on sample. 

10. Compute % difference. 

PART C

7. Subtract background count and plot ln (corrected counts) versus absorber “thickness”. Ideally I = Io exp( - µ x thickness) where I is counts. Compute the slope (µ). Compare your value with that found on the Internet in ORTEC’s AN34 Experiment 3. 
8. Use the slope of your graph to estimate amount of lead to cut counts in half. This half-value layer thickness = ln(2)/slope. Find out density of lead and calculate thickness in cm. Use Google to search for half-thickness value to compare yours to.
