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                 Haoqi Lu

 1 Introduction 

      The PMTs we tested are old PMT from MACRO. The total number of the PMTs is 483, among it, 438 EMI's PMTs and 45 Hamamatsu' R1408 PMTs. The Hamamatsu's R1408 doesn't have a good response to the single PE, we tested several of them. There are 304 good EMI's PMTs(peak-to-valley ration greater than 1.4, dark pulse rake smaller than 250 kHz, we have selected 45 PMTs and installed in IHEP prototype from these good PMT ), and the rest are not good which have some kinds of problems, such as poor peak-to-valley ratio, extremely noisy, working abnormally. EMI PMT has two types which are 9350KA and D642. 
2 Measurements results
2.1  Test method

       We are able to obtain the PMT single photoelectron spectrum from the cathode by thermal emission .The PMT is put in a dark box. We test the PMT after it was applied high voltage half an hour. We get the PMT 's single photoelectron spectrum at different voltages. 

2.2 Single photoelectron spectrum

  The measurements of the single PE spectrum are shown in Figure 2.2.1.We can see that the PMT has a clear single photoelectron spectrum and a good peak-to-valley ratio.
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  Figure 2.2.1 the single photoelectron spectrum for the MACRO EMI PMT(left ,SN6600,1700V and right,SN7432,1880V), horizontal axis is ADC channel
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   The Hamamatsu PMT doesn’t yield a good single PE spectrum. This is shown in Figure2.2.2.

     Figure2.2.2 the Hamamatsu R1408 doesn't have the good peak-to-valley ratio.

      The Figure 2.2.3 is the PMT's peak-to-valley ratio distribution of those 304 good PMTs. We can see that the EMI's PMT have a very good peak-to-valley ratio. The mean value of the ratios is 2.049, so the EMI’s PMT is sensitive to the single PE response.
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             Figure2.2.3 Distribution of SPE peak-to-valley ratios
2.3 Dark Pulse rate

We get the dark pulse rate of the EMI’s PMT. The EMI’s PMT is noisy.

The reason may be the time that the PMT stay in the dark box is not long enough. The total number of the good PMTs whose dark plus rate below 5 kHz is only 104. 
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       Figure2.3.1 Distribution of the EMI's PMT Dark pulse rate
2.4 Energy resolution 

The energy resolution, or the pulse height resolution (PHR) is given by :

PHR =(FWHM/Peak)×100%. We can see the energy resolution distribution from Figure2.4.2. There are 205 PMT's energy resolutions below 100% among 304 good PMTs.They have very good energy resolutions. 
[image: image6.png]h1

Entries 304

PMT number

Mean 0.9533
RMS 0.2353

PRI VRN — — I T NI T T I AT — — I I

o

02 04 06 08 1 12 14 1.6 1.8 2
Energy_resolution




[image: image7.png]PMT number

h1
Entries 304
Mean 49.21
RMS 19.94

o

20 40 60 80 100 120 ‘140 160 180 200
Single PE ADC Counts




                      
Figure2.4.1                        Figure2.4.2 

   PHR=(FWHM/Peak)×100%     Distribution of the energy resolution×100%
2.5 Applied voltage and single PE peak value

    The peak-to-valley ratio, dark pulse rate and the energy resolution that we gave are at the voltage in the Figure 2.5.1. The single PE peak value (ADC channels) is shown in the Figure 2.5.2. From the figures we found that the mean applied voltage is about 1874V, and the mean ADC counts is about 49.21. This means that the PMT can get the gain of 7.7×107 when the applied voltage is about 1874 for the EMI's PMT. The EMI’s PMT can get a very high gain.
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Figure2.5.1 applied voltage       Figure2.5.2 the single PE ADC Counts

2.6 Gain versus Voltage

 We check the dependence of the PMT gain (collect charge) on high voltage (six points in step of 80V ).
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Figure 2.6.1 Example of the Gain versus HV. The result of the fit parameters is also shown.

The charge Q of the PMT response is measured as a function of the applied voltage. This result is shown in the Figure2.6.1. The relation between the Q and the high voltage follows a power law:

         Q= K×(HV)alpha,

where alpha and K are the fit parameters.

     The Figure 2.6.2 is the alpha's distribution of 288 PMTs (The rest can not measure with 6 HV points which used to fit alpha value). The mean value

is 10.77. The EMI’s PMT has 14 dynodes, the alpha value is from 8.4 to 11.2. We can see that most of the PMT's alpha values are among this range.
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             Figure 2.6.2 Distribution of the PMTs' alpha value 

 3 The PMT Classification
The following tables give the number of PMTs under different cuts.

 Table 1

	peak-to-valley
	dark pulse rate(kHz)
	PMT number

	>1.4
	<250
	304

	>1.4
	<50
	252

	>1.4
	<20
	204

	>1.4
	<10
	148

	>1.4
	<5
	100


 Table 2

	peak-to-valley
	dark pulse rate(kHz)
	PMT number

	>2.0
	<250
	218

	>2.0
	<50
	177

	>2.0
	<20
	142

	>2.0
	<10
	97

	>2.0
	<5
	64


 Table 3

	peak-to-valley
	dark pulse rate(kHz)
	Energy resolution
	PMT number

	>1.4
	<250
	<1.0
	205

	>1.4
	<50
	<1.0
	163

	>1.4
	<20
	<1.0
	129

	>1.4
	<10
	<1.0
	83

	>1.4
	<5
	<1.0
	46


Table 4

	peak-to-valley
	dark pulse rate(kHz)
	Energy resolution
	PMT number

	>2.0
	<250
	<1.0
	156

	>2.0
	<50
	<1.0
	123

	>2.0
	<20
	<1.0
	97

	>2.0
	<10
	<1.0
	56

	>2.0
	<5
	<1.0
	27


4 Summary and conclusions

    We have tested the EMI’s PMTs and several Hamamatsu PMTs. We found that the EMI’s PMT have a good response to the single photoelectron and have a good peak-to-valley ratio. But the Hamamatsu's R1408 PMT do not have a clear single PE spectrum. The EMI’s PMTs also can get a very high gain. But the EMI PMT also have a problem which mean the dark pulse rate is too high.
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