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Count Rate Analysis

Muon Lifetime Experiment: Design #2
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Area of detector A = 15 x 75 cm2 = 1125 cm2 
Area of detector B or C = 30 x 75 cm2 = 2250 cm2 

Angle subtended by B or C ≈ (/2 = 90(
Muon Decay times are measured:

Start condition = A and not (B or C)

Stop condition = B or C or time-out (10 ms)

Once started, the clock continues to run until a stop is triggered or a time-out.  Second start signals, while the clock is running, are ignored.  A time output is generated only if a stop is triggered before time-out.   The Veto output for B or C takes about 30 ns.  The input to the logic gate for A should, therefore, be delayed by 30 ns and the data adjusted accordingly.
Muons of all energies:

N(  = Expected flux of muons of any energy 
≈ 0.02 Hz/cm2 
N((A) = Expected muon count rate through detector A
≈ 18 Hz   
N( (B) = Expected muon count rate through detector B or C
≈ 0.5 N( (A)
Muons with E < 1 GeV

dN/dE = Expected muon count rate per energy
≈ 0.004 Hz/GeV cm2 
dE/dx (paper) = energy loss rate for paper and E ( 50MeV
≈ 1.7 MeV/cm
Emax = max. muon energy that can be trapped in the cavity
≈ 40 MeV
Emin = min. Electron energy that can escape the cavity
≈ 20 MeV 
f1 = Fraction of all muons with E < Emax 
≈ 0.010
f2 = Fraction of decay electrons with E > Emin 
≈ 0.7
Nd = Expected count rate of decays
≈ 0.13 Hz
(A =  Discriminator pulse width for A
= 50 ns

(B =  Discriminator pulse width for B
= 50 ns

(C =  Discriminator pulse width for C
= 50 ns

Detector/discriminator efficiency measurements

Detector A:

TA = Threshold voltage
=     mV
SA = Singles rate 
=     Hz
CA = Coincidence efficiency [(A and B and C)/(B and C)]
=     
Detector B:

TB = Threshold voltage
=     mV
SB = Singles rate 
=     Hz

CB = Coincidence efficiency [(A and B and C)/(A and C)]
=     
Detector C:

TC = Threshold voltage
=     mV
SC = Singles rate 
=     Hz

CC = Coincidence efficiency [(A and B and C)/(A and B)]
=     
Possible timing events:
I. While clock is stopped, A is triggered by:
[As ]
A. Random event in A only
False Start

B. Charged particle 

[N((A) ]
1. Accidental coincidence in AB or AC
Missed Start

2. Misses B or C
Missed Start

3. Continues through B or C

a. And is detected
-


b. Is not detected
False Start

4. Captured in chamber
Start

II. While clock is running

A. Second Start signal is received

1. Accidental coincidence with False Start
[ 

2. Captured muon
[

B. No stop before time-out
-

C. Stop signal 

1. Random event in B or C
[

2. Coincidence with second muon
[

3. Coincidence with decay of another muon
[

4. Muon decay detected
STOP
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