             Range and Energy of Alpha Rays (Ortec Version Rev 9/4/15)
Part I  Determine Range of Alpha Rays in Air

SETUP
1. The detector (surface barrier type) produces a pulse when an alpha rays passes through it. The pulse is first amplified by the preamp and then by the main amplifier to make the pulse large enough to see on the oscilloscope. You first use the oscilloscope & amplifier to adjust the height of the signal. You then use the computer display & amplifier to more precisely position the peak of the pulse.

2. Some of this step may already be done. Leave the computer turned off until step 7. Put the ORTEC power supply, pulser and Model 575 (brown) amplifier in the Nim Bin. These should slide in all the way easily. Do not try to force a module in place. Wire up as described below. You will need to make several connections using BNC cables. There are several types of cables that look alike. If the connector does not fit, you may be using a power connector rather than signal connector. The pulser will be connected later.
3. Make connections as follows:                                                                                                       A. Oscilloscope:  Use 50 ohm BNC cable to connect unipolar output on front of Model 575 amplifier to oscilloscope.

      B. Ortec Easy MCA:   Connect power supply. Connect to computer using USB cable. Connect  
      unipolar output on back of Model 575 amplifier to input of Easy MCA device.                                                

      C. Canberra Preamp:  Connect grey multipin cable between preamp and Model 575 amp. Use    
      50 Ohm BNC cable to connect output of preamp to input on back of  

      Model 575 amplifier.  Connect preamp to power supply using special cable. Use B connections 

      on power supply.

4. Connect the alpha detector (in blue plastic container) to the preamp input. First carefully attach the gold part to the BNC connector in blue container.

5. Turn on the bin power. Turn on power to detector as follows:  On the ORTEC power supply turn the black knob to negative. Slowly turn the knob (B) on the dial until a 1 is showing in the window. This actually –100v. Always turn voltage back to zero before turn black knob to off to avoid accidentally applying +100 volts.     
6. Remove white or red plastic cover from detector. Place the Am241 source (found in small plastic box) close to the detector (start at about .5 cm). DO NOT TOUCH METAL PART OF SOURCE. Adjust the scope controls (trigger, volt/div, sec/div) until you get a signal like Fig. 2.  If there is no peak you may have the source turned the wrong way. Besides the bright green peak from the source, you will see other signals coming and going due to background radiation such as cosmic rays and isotopes sources decay into. If peak is upside down flip pos/neg switch on amplifier. If you cannot get a signal or it does not look right call Instructor. 
DATA COLLECTION 
7. Move the source back and forth and observe that the peak on scope changes. Put source back at about 0.5 cm from detector. Adjust amplifier gain settings so peak height is ~ 8v on scope. 
8. Turn on the computer. See instructor about account to use and password. Close any stray boxes that pop up. On the taskbar select MCB Configuration. When the box comes up and assigns a number to the Ortec Easy MCA close the box. Click on Ortec icon (atom symbol) on taskbar.
9. A peak should appear on the right side of the screen about 2/3 of the way across. Use the buttons labelled log and A on toolbar to select the taller thinner version of the peak. If you do not see a peak in the right place, look in the box in upper right corner of display. Is there a peak outside the black area? If there is a peak but it is not in the black area, click on the peak. The peak should now be in the main display area and in the black area. Some experimenting with the black area and mouse may be needed to put peak in right location. If you still do not see a peak in the main display area see Instructor. You can print displays using WinPlots on taskbar. First save display using save icon on toolbar.
10. When you have a good signal you want to measure counts versus distance. It is left up to you to decide how to measure distance. Re-measure the distance between detector and source. Start at ~.5cm. Start the program counting using GO on Tool bar. To clear a plot look under Acquire for clear or use icon next to Stop. Count for the same time at each distance. Click on peak and record marker number and count. Repeat at 0.25 cm intervals. Go to at least 4.5 cm. Eventually the number of alpha particles will be so low the signal will fade into the background. Remove the source from the vicinity of detector. Get a count of the background for each marker number recorded above.
11. Repeat the step 10 data taking 4 more times. You will need to correct your distances for the distance from the front of the detector to silver surface inside. Estimate this. DO NOT STICK ANYTHING INSIDE T0 MEASURE.  You will also need to correct for distance between source and front of plastic holder. Look at edge of plastic holder to measure this. DO NOT STICK ANYTHING INSIDE T0 MEASURE. The sum of the two is ~ 0.5 cm.
12. When finished for the day: Turn the detector power supply back to zero before turning off. Turn off detector power. Turn off bin power. Put red or white plastic cover back on detector. Return source to box. Turn off computer.
Part II Measure Energy of the Alpha Rays and Identify Unknown Source
1. Place the Am 241 source in the vacuum chamber and connect alpha detector to vacuum chamber. You will need to tape the source in place. Make sure you have the correct side facing the detector. Connect output of detector to the preamp. Hook the vacuum pump to vacuum chamber. Pump air out of chamber. Black knob is closed while pumping. Turn on bin and detector power and check as in Part I to see if you have a signal. 
2. Use the Am 241 and pulser to calibrate the MCA program.  If you have not already obtained energies, the energies of the Am 241 alpha rays can be obtained from isotope book in cabinet or from the Internet. You are detecting the most common decay mode. See instruction below for how to set up pulser. Once you have pulser set up, you will set the pulser to a least 6 different energies (including Am241 peak) and determine the marker number. Get at least one peak above Am241 energy. Record energy and maker number. Then enter each energy in Mev vs. marker number using Calibrate on Calculate menu. Delete old calibration before entering data for new calibration. Turn off pulser when finished with calibration. Put time/div knob on scope back on 1 microsecond.
3. Turn off detector and bin power. Turn off vacuum pump and open air valve (black knob). Replace the Am 241 with the other source. NOTE: Source is exposed. Do not touch metal part in center of plastic disk.  Place side without label toward detector. Close air valve and start pump. Turn on bin and detector power and start the MCA program counting. Get location (marker number) and energy of peak(s). When finished taking data turn off detector and bin power, turn off pump and open air valve. Note: This is a weak source. It may not show up on the oscilloscope. 
4. When finished put plastic cover back on detector and put back in blue container. Return sources to plastic container. Turn off oscilloscope. Close MCA program.Turn off computer unless you have time for step 1& 2 below. When finished for the day: Turn the detector power supply back to zero before turning off. Turn off detector power. Turn off bin power. Put white/red plastic cover back on detector. 
ANALYSIS
1. Start the SRIM program (icon on taskbar). Use the energy of the alpha rays from the Isotope books in the back cabinet or from the Internet. Use the energy of the most common decay mode. Use the Stopping/Range Table part of the SRIM program. Select Helium as the ion. Change lowest energy to 1000 keV. To select target look in Compound Dictionary> Common Targets for air.  Click calculate table. Find range for energy closest to alpha ray energy in table. Click on Quit to end program.
2. Use Excel or other program to plot your counts (corrected for background) versus corrected distance. Estimate the range (counts go to zero) for each run and calculate average. 

3. Compute % error between experimental average value and SRIM value. 
4. A “thumb” rule is that Range in air in cm = Energy (Mev) of alpha ray - 1.5. How well do your results fit this rule?

5. The range is sometimes expressed in the units g/cm2. Convert your ranges in cm to these units. Compare your results to values found at this website for CSDA range and Projected range: http://physics.nist.gov/PhysRefData/Star/Text/ASTAR.html. Scroll down menu to find air. Find out what CSDA and Projected range mean.
6. From Part II. Compare the energy of the other source with those for elements below. Obtain alpha ray energies from Isotope book or Internet. Identify your source.  

Possible Sources: Gd148, Po210, Pb210, Ra226, U238
Note: Before moving on to another experiment find out how a surface barrier detector works.
_______________________________________________________________________________
                                   Adjusting the Pulser to Calibrate Display
The energy displayed by the software does not mean anything until you do a calibration.      Alpha ray sources are expensive (~$1,000). We use one source to adjust the dial on the pulser and use the pulser to generate signals which the software treats as alpha ray signals.

1. Move the vertical line on the MCA program display so it on the peak of the Am 241 spectrum. Disconnect detector from preamp. You do not want to mix pulser signal with source.
2. Connect the attenuated output of the pulser to the test input of the preamp. Set dial on pulser to energy of Am241 in Mev. 

3. Start with all the attenuation switches in the out position except one of the switches labeled 10. Put Pos/Neg switch in Neg position first. Turn on pulser. Change time/div knob on scope to 1 ms. Adjust attenuation switches so pulse is ~ 2v high on scope. 

4. Find the pulser signal on the computer display. Then use the attenuation switches to get the pulser signal as close as you can to the Am 241 peak.   

5. Then use a small screwdriver to adjust the small screw on the pulser (below dial) so pulser signal lines up with the peak of the Am 241 signal. Some trial and error with start/stop/clear will be needed.
6. The dial on the pulser now shows the energy of the simulated signal in MeV. Return to step 2 instructions above.

