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ICD Photo Multiplier Tube R647-01 Study 

       ICD photo multiplier tubes R647 were studied using pixel test stand setup for HV supply and to drive LED. Original ICD PMT and preamplifier box is used with ICD voltage divider (base) plate. For some measurements, modified variants of voltage dividers were used. Modification means changing resistor values to get Hamamatsu recommended (close to linear) voltage distribution between dynodes and to increase base current to keep same voltage distribution for all the counting rates.  Preamplifiers are not used in tests. PMT anode signal from appropriate sockets of connector for preamplifier is connected to oscilloscope using terminated in both ends by 50  resistors signal cable. For anode current estimations, that means the use of 25  load. Signal duration was 6 ns for most of studies caused by the use of short LED pulse. 17 PMTs from ICD and 3 spare PMTs are tested.

      PMT R647 study results:

    1. Linearity vs counting rate study shows that PMT is linear (10% level) up to anode current 3 A as shown in tables 1 and 2. Anode current limit is 10-13 A caused by inner PMT properties like by limited conductivity of the dynode surface. For all signal amplitudes, signal width from 6 to 70 ns and frequency 102 to 107 Hz, this limit is strict and cannot be exceeded. For anode current less then 10 A PMT is linear at 20% level but “saturation” of anode current on 12 A is sharp. There is little or no dependence of this linearity limit from PMT base design. Hamamatsu recommended close to linear and ICD custom tapered voltage dividers (bleeders) with different current were tested. 

    2. Linearity vs anode pulse amplitude is within 10% up to 200 mV.

    3. Stability of PMT gain is in 10% level for unchanged conditions.

    4. Single photoelectron signal for current ICD conditions (HV is on average 750 V) is about 0.05 mV. For 5 to 10 photoelectrons per MIP average MIP signal amplitude is to 0.5 mV. The charge for MIP is 0.12 pC or 0.7 106 electrons, the average PMT gain is 0.7 105.

    5. No difference in properties for “bad” and “good” PMTs is observed as shown in Table 3

and Table 4 except gain changes at 30% level for PMT #4576 and at 60% level for PMT #4280. Spare PMT #6212 shows similar gain changes at 20% level.

    6. Detailed study results of PMT # 4576 and #4280 are shown on Tables 5-7. Gain rise depends on average intensity of LED pulses. It starts from 102 -102 Hz for very high light pulses and from 104–105 Hz for light pulses 101-102 photoelectrons.  Little or no dependence on anode current (changing the gain through HV) is observed for the same LED pulse intensity. That means gain changes are connected to first dynodes. “Micro channel PMT”- like behavior of low conductive surface of dynode is primary suspect.

    7. “Bad” channels are not caused by PMTs, but by lost contacts, etc. For the channels with fast decreasing gain, the loss of “ground” contact between voltage divider and PMT could explain in details the behavior. The loss of contact occurs when the voltage divider (bleeder) connector pushed not in full depth at one end. 

     Estimations and recommendations:

     1. Occupancy for zero bias triggers may be estimated as 10-2 per PMT per collision and leads to 3.5104 Hz MIP rate. PMT anode current for these conditions is 0.004 A. The use of upper limit of occupancy 10-1 per PMT per collision leads to the anode current 0.04 A.

    2. ICD channels gain distribution show clear correlations with pedestal width. The shape of distributions for zero bias triggers (mainly pedestal shape) is symmetric around zero. That means pedestal width is due to electronic noises. PMT contribution to pedestal width is negligible. 

    3. Increase of preamplifier gain for ICD will cause the increase of pedestal width by the same factor and will not improve MIP detection.

    4. Best way to decrease pedestal width in energy units is to increase PMT gain 10 to 20 times by applying higher for about 150V HV values. After increasing the PMT gain, anode current will be between 0,04 and 0.4 A for L301030 and for different assumptions for occupancy. The increase of PMT gain is safe for anode current and pulse amplitude linearity limits according to Tables 1-3.  Estimations for anode current are not precise. It takes to consider preamplifier and ADC limitations when increasing HV.

    5. MIP detection will provide the fine tool to monitor PMT gain and uniformity of response using reconstructed muons. 

Table 1. Linearity measurements vs counting rate for 800 A voltage divider.

*) Signal amplitude is on 50  load on both ends of sinal cable. Signal duration is 6 ns.

Table 2. Linearity vs counting rate for “Standard” 70  A voltage divider. 

F, Hz
102
103
2103
104
2104
105
2105
106
2106
5106
107
PMT #

A, mV *
60
60
60
60
60
58
53
42
27
9.5
5
8991

A, mV *
60
62
60
67
70
66
64
36
26
9
5
4724**)

Ia , A
0.0014
0.014
0.03
0.14
0.29
1.4
2.7
10
12
11
12


  *) Signal amplitude is on 50  load on both ends of sinal cable. Signal duration is 6 ns.

**) Some instability (5 to 10% level) in amplitude in range 103 to 105 Hz is observed.

Table 3. “Bad” and “good” PMT measurement results.

ICD PMT#
ICD HV
HVICD-14V*)
Amplitude (mV) for (HV1) and for (HV1+100V)

and for LED frequency in Hz



HV
Ampl
104
105
106
5106 **)
HV1, V

7577 
764
750
10
10/50
10/50
8/36
9/9
750

6402   
751
737
7
10/50
10/50
8.5/38
8.5/10
765

890   
825
811
19
10/40
10/40
7/30
8/9.5
793

5531 
777
763
7
10/36
10/36
8/28
8/9
791

1959  
747
733
6.5
10/50
10/50
7/46
8/9
756

3770 
785
771
9
10/48
10/48
9/42
9.5/10
791

4724 
780
766
8
10/44
10/44
7.5/30
8.5/9
776

5961  
825
811
13
10/45
10/45
8/32
9/10
790

5353  
773
759
9
10/46
10/46
7/32
7/10
769

6421  
813
799
10
10/46
10/46
7/32
9/8
799

8991 
784
770
9.5
10/50
10/50
7/25
9/10
775

*)  Voltage drop on 200 kOm resistor is 14 V.

**) Anode current is about 10 A for this column. 

 LED pulse is 5% lower for 106 Hz and 10% lower for 5106 Hz.

Table 4. “Last delivered ” PMTs measurement results.

ICD PMT#
Amplitude (mV) for (HV1) and for (HV1+100V)

and for LED frequency in Hz


101
102
103
104
105
106
5106 **)
HV1, V

0036
10/48
10/48
10/48
9.5*)/47
9.5/46
8/38
8/10
755

4576
10/47
10/47
10.5/46
111/52
13/58
11/39
8/7
767

1213
10/48
10.5/48
10/48
10.5/48
10.5/48*)
8*)/38
8/5/9.5
770

8199
10/48
10/47
10/48
10/46
9/44*)
8/38
8/9.5
760

4280
10/48
10/48
10/48*)
10/50
16/60
15/44
8.5/8.5
790

7460
10/48
10/47
10/48
11/48*)
10/45*)
9/35
8.5/8
765

*) Some instability (5 to 10% level) in amplitude 

Table 5.  PMT #4280 results vs HV changes. 800 A voltage divider.

ICD PMT#
Amplitude (mV) for (HV) 

and for LED frequency in Hz


101
102
103
104
105
106
5106 
HV, V

4280


2
2
2
2
2.6
2.3
2.2
630


15.5
15.5
15.5
16
1618
1618
8
730


80
80
80
80
8095
44
9
830


260
250
240
240
230
39
12
930


440
430
420
420
260
34
14
1030

Table 6.  PMT #4280 results vs HV changes.  “Standard ICD” voltage divider. 

ICD PMT#
Amplitude (mV) for (HV) 

and for LED frequency in Hz


101
102
103
104
105
106
5106 
HV, V

4280


3.1
3.1
3.1
3.3
4.8
5.0
5.0
690


60
60
61
6274
85105
40
9.5
890


170
175
180
190220
200
40
12
990

Table 7.  PMT comparison for gain changes. “Standard ICD” voltage divider, N phe 103.

ICD PMT#
Amplitude (mV) for (HV) 

and for LED frequency in Hz


101
102
103
104
105
106
5106 
HV, V

4280
18.2
18.6
22.4
30.6
35
27.5
3.4
650


84
86
112
140
148
19
-
730

4576
2.0
2.1
2.6
3.1
3.1
3.1
3.0
560


8.6
9.2
11.8
13.3
13.3
15.0
-
620


72
81
112
117
116
17
-
730

0036
8.7
8.8
9.0
8.5
8.4
8.6
6
610


88
92
93
90
89
28
3.2
720

PMT #0036 is shown for comparison and to check LED stability vs frequency.
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