Angular Distribution of Cosmic Rays

Physics 413

Old Dominion University

Purpose:

To measure the rate at which cosmic rays strike the Earth as a function of angle.

Equipment:

Two long skinny scintillator detectors

Power supplies

Discriminators

Logic units

Level translators

Counter

Oscilloscope

Cobalt-60 radioactive source

Method:

General method: Count the events where both scintillators see the same cosmic ray muon at the same time.  Keep the scintillators parallel to each other. Measure the number of events in a fixed time interval as a function of the angle of the two scintillators relative to the vertical.  Plot this distribution.

Connect the scintillators to the high voltage power supply.  The HV should be between –1000 and –1500 V.  Make sure the HV is negative!  Do not exceed –1500 V! 

Use the Cobalt-60 source and the scope to make sure that you are seeing output pulses from the scintillators.  These pulses will be between –10 and –200 mV.  The signal rate should decrease significantly when you remove the source.

Set the discriminator thresholds to appropriate values (these will depend on the HV supplied to the scintillator).  Try to minimize the noise rate while making sure that you count as many of the photons from the Cobalt-60 source as possible.  (Note that the discriminator threshold readout is frequently ten times the actual threshold.)

Use the Cobalt-60 source (which emits two simultaneous gamma rays) to look for coincidences between the two scintillators (ie: events where both scintillators fire simultaneously).  Set the appropriate timing for the discriminator output pulses (50 ns should be OK).

Use a coincidence logic unit to determine when both scintillators fire simultaneously.

Use the Counter to count the number of coincidences (the number of times that both scintillators fired simultaneously). 

Use a level translator where necessary to change signals from NIM (TRUE = -0.8 V) to TTL (TRUE = +5 V) logic standard.

The greater the vertical separation between the scintillators, the better the angular resolution but the smaller the angular acceptance (and hence the count rate).  Note that we are only measuring angle well in one direction (since the scintillators are so narrow in one dimension and long in the other).

Results:

The result of your measurement should be an angular distribution of the cosmic rays.  Fit some reasonable function to it to characterize it.
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