A. Building transimpedance amplifier
Transfer function of the transimpedance amplifier is  
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So  R = 2MΩ for the DC gain of  Vout/Iin = 2*106 V/A. 
Time constant of transimpedance amplifier is τ = RC = 200 μs.

So C = 100pF.   

B. Data Analysis

1. Plot the noise level ( in units of photons per time constant) versus the signal level (same units)  on a log-log scale for both the -500V and -800V supply voltages.
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Figure 1 shows the noise characteristic curve of the PMT when the transimpedance gain is  2*106 V/A.  If the PMT operates in the shot noise limited regime, noise should be equal to the square root of the signal. For both at 500V and 800V, we can see that the slope of the curve in loglog plot is ½ as in the  theory of shot noise and flat part of the curve represents the Johnson noise of the resister in the transimpedance amplifier and the dark current noise.  At 800V we can see almost single photon. The reason is that as the gain of PMT increases each incident photon gains more energy and at 800V the single photon energy is almost comparable to that of the Johnson noise. 

The conversion factor from measured voltage to the number of photon per time constant is as follows [units in brackets]:  
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where Vs is the signal or noise voltage read by LabVIEW, Gtrans is the transimpedance amp gain, GPMT is the PMT gain ( both cathode sensitivity and dynode gain ), Ephoton is energy per photon and τ is the 200μsec time constant of the transimpedance amp. 
The Johnson noise is the transimpedance amplifier resister R at absolute temperature T is given by 
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where kB is Boltzmann’s constant and B is the bandwidth of the amplifier.

kB  =  1.3806503*10-23 m2kg s-2K-1 , T = 300K, R = 2MΩ, B = 1/200 μs = 5000 Hz

VJohnson = 1.287*10-5 V

VJohnson is one order of magnitude smaller than the voltage measured when the LED input voltage is zero.  So we can see that dark current noise is dominant in the noise floor.
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