Experiment: Speed of Muons (PART 1)

1. Aim of the experiment:

The aim of the experiment is an investigation of the probability of two coincidental hits in a given time for two parallel plates, setup one above the other. 

2. Equipment and setup:

We used 

· two plates, each including a scintillator and a photomultipliertube (PMT)

· Data Acquisition Card (DAC) developed by Quarknet  

· GPS receiver

· pc
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3. Procedure

We placed the plates one above the other. 

During a time of a few hours, we measured the number of hits on each plate.

Beside that, when a plate was hit, a time-window of 192 ns ( = 8 x 24 ns) was opened. If a second hit was registered in this time (on the other plate), a `coincidence`-event was noted.

So, the time of the experiment, also the number of coincidence was measured.

Finally, we got 3 series of data:

1: number of hits on CH1 (per minut)

2: number of hits on CH2 (per minut)

3: number of coincidences (per minut)

4. Results

	CH1:  1150
	hits / min
	(average)


	CH2:  4074
	hits / min
	(average)


	Number of coincidences:  90
	/ min
	(average)


The big difference between the average number of hits on CH1 and CH2 has to do with the adjustement and the sensibility of the two plates and the PMT.

5. Analyze

	CH1:  1150
	hits / min
	
	


The average number of hits in 192 ns is 0.00000368. 

The numbers we count are supposed to be Poisson-distributed:
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P (k, λ) = 


k = number


λ = average

So we can calculate the probability of getting 0, 1, 2 …. hits in  Δt = 192 ns.

	k
	Probability
	Prob (%)

	0
	0.999996
	99.9996

	1
	3.68E-06
	0.000368

	2
	6.77E-12
	6.77E-10

	3
	8.31E-18
	8.31E-16

	4
	7.64E-24
	7.64E-22

	5
	5.62E-30
	5.62E-28

	6
	3.45E-36
	3.45E-34

	7
	1.81E-42
	1.81E-40


To get the probability of getting at least 1 hit in a time of 192 ns, we have to add up the probabilities of getting 1 hit, 2 hits, ….

This results in 3,68 x 10-6  

On CH 1 the probability of getting at least 1 hit in a time of 192 ns = 3,68 x10-6
For channel 2 we got the following results:

	CH2:  4074
	hits / min
	
	


The average number of hits in 192 ns is 0.0000130.

The Poisson-distribution: 

Δt = 192 ns 




	k
	Probability
	Prob (%)

	0
	0.999987
	99.9987

	1
	1.30E-05
	0.00130

	2
	8.50E-11
	8.50E-09

	3
	3.69E-16
	3.69E-14

	4
	1.20E-21
	1.206E-19

	5
	3.14E-27
	3.14E-25

	6
	6.82E-33
	6.82E-31

	7
	1.27E-38
	1.27E-36


On CH 2 the probability of getting 1 hit in a time of 192 ns = 1,30 x10-5
Now what is the probability of a coincidence of 2 hits in a time-window of 192 ns?

When there is a coincidence, we have one hit on CH1 AND one hit on CH2.

The probability of getting a coincidence is the product of the probability of having (at least) 1 hit on CH1 and the probability of having 1 hit on CH2:

3,68 x 10-6 x 1,30 x 10-5 = 4,78 x 10-11
A probability of 4,78 x 10-11 in 192 ns, means that we can expect a coincidence in 4017 s = 1h 07 min!

But as we saw, we measured 90 coincidences per 1 min, meaning 1 coincidence in 0,67 s!

	predicted: 




       measured

  1 coincidence in 1 h 07 min    > <   1 coincidence in 0,67 s


When the probability is much higher than predicted, the events are not independent.

Both events (hits) are coupled on a certain way. 

In this case the extremely higher frequency can be understood if we assume that many of the particles that hit plate 1 will also pass through plate 2 within a time of 192 ns.

So on statistical ground, we can make acceptable the existence of high energetic particles (i.e. muons) going trough plate 1 and plate 2 on almost the same moment. 

6. Conclusion

We proved that the number of coincidences is extremely much greater than predicted by statistical analysis, what can make acceptable the existence of high energetic particles (i.e. muons).

7. Further investigations

· Improve the technical equipment to make it possible to measure consecutive times of 192 ns to check the Poissondistribution of the number of hits

· Investigation what is the cause of non-coincidental hits (spontaneous illumination, other low energetic particles, …)

· …

