Measuring Efficiency

Four points to keep in mind:

1. Two power supplies.

When running threshold scans, it is fine to have all 4 detectors running off the same single power supply.  When running efficiency scans, however, the two "trigger" detectors (the top and bottom in the telescope stack) must remain at a fixed high voltage, while the two "test" counters in the middle have their high voltage varied in a scan. This requires using two different power supplies...one for the triggers another for the tests.  If the trigger counters themselves have not yet been plateaued, we can simply set them around 1350V (old PMTs) and 1600V (new PMTs).  This estimate is reasonable, because we have found most counters plateau near that value.

2. Efficiency is a fraction.

In an efficiency scan you want to test how good the center (test) counter(s) are at detecting Cosmic Ray particles.  You stack them all in a tower and "trigger" on the two outside counters.  If the top and bottom counter "see" a track at the same time, its a pretty good bet that a single track has passed through the entire stack.

The Labview program checks whenever that happens, and whether either of the test counters saw it.  If one of them agrees every single time, then its efficiency must be 100% (or 1.00 in the window displayed in the LabView program).  If it NEVER sees anything, then its efficiency is 0%. If half the time it agrees with the trigger counters, its 50% efficient (0.500).  That's how you read the fractions in the table that appears in the Efficiency page of the DAQ program.

3. Efficiency should plateau with voltage.

As the voltage is raised, the PMTs will amplify the signals to bigger and bigger pulses.  Of course noise if ALSO amplified, so it isn't true that you can simply crank the voltage up as high as you like.

At the lowest voltages, the efficiency may be very tiny.  As you increase the voltage, the efficiency will improve.  This increase can't be linear, since it can never get higher than 1.00 = 100%.  What you should observe is that it increases, but decreasingly so...flattening off into a plateau.  Raising the voltage further gives you no additional efficiency.  You may notice that the plateau may not reach 100%...perhaps only 70% or 80%.  Efficiency needs to be measured because every detector will be unique (they're hand-made!).  We try to run then at the lowest voltage that just places us on the plateau (on the notion that higher voltages would only overdrive, overheat, and age the PMT faster).

Start lower, say 950V and go up in 50 volt steps through 1700V.  Once you have your data from the CROP DAQ program, make plots of efficiency vs. voltage in a program such as Excel.  If your plot doesn't show a nice curve leveling off to a plateau, you can retest the detectors with a larger voltage range to add points above and below.

4. Even your errors can be quantified.

If you flip one coin, it will either be heads or tails.  One trial can't tell you how "fair" (balanced) the coin is.  Even a handful of trials (since it's random) won't guarantee a perfect measure.  For example, if you toss a coin 10 times, even a fair coin may give 3 heads, 7 tails.  You need LOTS of trials.  Sometimes even thousands.

Similarly, to measure efficiency with small error we want to have several hundred counts, if possible (the more the better).  We estimate the statistical error on an efficiency measurement by error = SQRT{Eff(1-Eff)/N} where N is the total number of counts.  So you can see that the bigger N is (the more statistics) the smaller the error on the efficiency measurement.  This error can be represented on a graph by using arms to mark the effective range covered by that error.  We express efficiency in a graph, along with the estimate of its error, for example, by marking the range of possible efficiency values with bracketed arms (see the examples above).

You should take data at each point long enough to collect several hundred triggers (counts in the denominator of the efficiency calculation).  It may take a half-hour to an hour at each point to get 400 triggers (depending slightly on your elevation). The higher the count, the smaller the error on the calculation of the efficiency.

