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1 Introduction

     A number of acrylic scintillator type particle detectors were recovered from Brookhaven National Laboratory. They consisted of a 91.4cm x 45.7cm x 2.1cm acrylic scintillator with a 5.2cm diameter photomultiplier tube mounted at the end of the light guide. The light guides were glued by Dave Kraus, Julia Thompson and Danny Frankie, prior to the start of the workshop. The purpose of this study is to:

1. Test the number of photoelectrons per cosmic ray ratio (PE/CR) as a function of distance along the scintillator before assembly. 

2. To glue the photomultipliers onto the light guide and the PE/CR ratio as a function of distance remeasured.

3. Rewrap the counters and test for light tightness using an oscilloscope.

2. Procedure: initial tests

     The scintillators were placed in a light tight box and the light guide was attached  through a “cookie” to the photomultiplier. Care was taken to achieve a good seal between the “cookie” and the PMT, so that no air gaps were visible. The PMT tube number 23 and base number 19 were used for these tests in order to have the same one pe gain for all the tests. Tube number 23 was selected because of its good first dynode gain of 7.  The box was tested for light tightness by examining the pulse from the scintillator using an oscilloscope and a flashlight. Details concerning the study of the one PE signal can be found in other reports.

       The testing was done by placing a smaller detector named ‘Pids’ on top of the large dark box at distances of 10cm, 40cm, and 80cm corresponding to far, middle and near to the PMT (see figure 1).
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Figure 1

     The power supply used was of a variable voltage high-tension supply with a potentiometer to select the voltage. Each turn on the potentiometer represents an approximate voltage of 200V.

    The measurements were taken using the QVT (Charge, Voltage and Time) portion of the DTAKE electronic module and software. The threshold was around 30mV and it was triggered through a non-inverting isolating transformer.  The trigger rate was 20 counts per second, three times what we would expect for CR. In order to calculate the PE/CR ratio, the following measurements were taken.
1.  One Photoelectron energy peak: it was measured by using the self- trigger function of the QVT. Using this function makes the one PE peak dependent only on the PMT (Phomultiplier tube). To check for stability the one PE was taken on a regular basis.
2. The Cosmic ray peak: to find the Cosmic ray peak the external trigger function of the QVT was used. The smaller counter (Pids) was triggered and the number of coincidence counts was measured at the lower larger counter. The cosmic ray peak was identified by inspection, and sometimes the “fit gaussian” utility of the QVT program was employed.
3. The pedestal energy peak: this is a trickle of charge which the ADC (Analog to Digital Converter) adds to each channel or bin as a calibration. It is used as an offset to which all other measurements must be referenced. 
4. A Histogram was created by the QVT program with the X-axis being the bin numbers where each bin is equal to 2.5 x 10-13 Coulombs of charge.
5. With the information gathered the PE/CR ratio was calculated. The calculation was performed using the formula 
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 where CR, PE and Ped represent the cosmic ray, Photoelectron, and Pedestal measurements respectively.

Data and Results

     Data table one provides a summary of the PE/CR ratio as a function of distance along UMSL8A detector under various conditions.


Run#
Date /

Time
Distance

(cm)
Ped

(Bin)
One Pe

(Bin)
CR

(Bin)
PE/CR
Ratio of

Near(80cm)

to far (10cm)


Comments














8A
22
6/30/04


10
28
38
70
4




8A
23
6/30/04
40
28
38
109
8

6dB att.


8A
24
6/20/04
80
28
38
370
34

Elizabeth Langford's

power supply was used for

runs 22 to 49. Voltage set

at 1775V


















































8A
29
6/20/04
10
28
38
64
4

PMT tube reseated


8A
30
6/20/04
40
28
38
117
9
9



8A
31
6/20/04
80
28
38
401
37




8A
35
6/20/04
10
28
38
67
4

Washed with distilled water

and alcohol


8A
36
6/20/04
40
28
38
120
9
9



8A
37
6/20/04
80
28
38
366
34




8A
40
6/20/04
10
28
38
75
5

Al Mylar taped on at the

end of scintillator


8A
41
6/20/04
40
28
38
107
8
8



8A
43
6/20/04
80
28
38
420
39




8A
47
6/20/04
10
28
38
71
4

Loose collar put on

light guide


8A
48
6/20/04
40
28
38
117
9
9



8A
49
6/20/04
80
28
38
390
36




Table 1: PE/CR ratio for UMSL8A

From the PE/CR coulmn of the table we can see that there was no significant decrease in the ratio far/near.

Data table two summarizes the results of PE/CR ratio for large counters 7A to 12C


Run #
Date / Time
Distance (cm)
Ped (Bin)
One Pe (bin)
CR
Pe/CR
Ratioof near(80cm)

to far 10(cm)
Turns
Comments

7A
101
7/6/04




29



8.5


7A
102
7/6/04
10
16
29
 75
 5

8.5


7A
103
7/6/04
40
16
29
139
10
6
8.5


7A
104
7/6/04
80
16
29
390
29

8.5


7B
85
7/6/04
10
14
21
53
5

8
Changing HV

7B
86
7/6/04

14
21



8


7B
87
7/6/04
40
14
21
74
9
11
8


7B
88
7/6/04
80
14
21
210
28

8


7B
89
7/6/04


28



8.5


7B
90
7/7/04
10
14
28
95
6

8.5


7B
91
7/7/04

16
29



8.5


7B
93
7/7/04
10
16
21
 48
 3

8
Mylar at the end. Only small improvement

7B
94
7/7/04

7/7/04
40
16
29
 68
 4

8.5


7B
95
7/7/04
80
16
29
457
34

8.5


7B
96
7/7/04

16
28



8.5


7C
121
7/7/04 11:33


27



8.5


7C
122
7/7/04

11:36
10
16
27
 96
 7

8.5


7C
123
7/7/04

11:46
40
16
27
140
11
5
8.5


7C
124
7/7/04

11:56
80
16
27
399
35

8.5


8A
27



35



8.5
Attn. 6dB

8A
29

10
28
35
64
4

8.5
Attn. 6dB

8A
30

40
28
35
117
9
9
8.5
Attn. 6dB

8A
31

80
28
35
401
37

8.5
Attn. 6dB

8B
133
7/8/04

2:30


28



8.5
Appears scuffed. Used optical grease

8B
134
7/8/04

2:42
10
16
28
127
 9

8.5


8B
135
7/8/04

2:52
40
16
28
192
15
5
8.5


8B
136
7/8/04

3:02
80
16
28
522
42

8.5


8C
125
7/8/04

12:50


25



8.5


8C
126
7/8/04

12:52
10
16
25
 64
 5

8.5


8C
127
7/8/04

12:57
40
16
25
 87
 8
4
8.5


8C
128
7/8/04

1:06
80
16
25
211
22

8.5


9A
117
7/7/04

10:29


26



8.5


9A
118
7/7/04

10:30
10
14
26
81
6

8.5


9A
119
7/7/04

10:42
40
14
26
108
9
8
8.5


9A
120
7/7/04

10:48
80
14
26
508
49

8.5


9B
109



26



8.5


9B
110

10
16
26
62
5

8.5


9B
111

40
16
26
80
7
5
8.5


9B
112

80
16
26
289
26

8.5


9C
105



26



8.5


9C
106

10
16
26
78
6

8.5


9C
107

40
16
26
115
10
5
8.5


9C
108

80
16
26
322
30

8.5


10A
129
7/8/04

2:10


27



8.5


10A
130
7/8/04

2:12
10
16
27
 59
 4

8.5


10A
131
7/8/04

2:20
40
16
27
 95
 7
7
8.5


10A
132
7/8/04

2:26
80
16
27
296
26

8.5


10B
71



27



8.5


10B
72

10
16
27
 98
 8

8.5


10B
73

40
16
27
152
12
4
8.5


10B
74

80
16
27
373
33

8.5


10C
97
7/7/04


29



8.5


10C
98
7/7/04
10
16
29
 85
 5

8.5


10C
99
7/7/04
40
16
29
146
10
7
8.5


10C
100
7/7/04
80
16
29
442
33

8.5






Table 2:  PE/CR ratio for UMSL7A to UMSL10C
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     The following set of measurements were made after glueing a mirror on the bottom edge of the scintillator. The results are summarized in table 3


Run #
Date / Time
Distance (cm)
Ped (Bin)
One Pe (bin)
CR
Pe/CR
Ratioof far(80cm)

to near 10(cm)
Turns
Comments

10A
301
7/14/04


25



8.5
The number of turns was kept constant. The low input power supply was disconnected while changing the sciltillarors.

10A
302
7/14/04
10
15

62
5

8.5
PMT was found only loosely attached upon opening

10A
303
7/14/04
40
14

83
6
4
8.5


10A
304
7/14/04
80
14

253
22

8.5



308
7/14/04
10
15

74
6

8.5
Repositioned the PMT and sealed with tape. Positioning the PMT correctly is very important. In this case it increased the PE/CR ration by an average of 40%

10A
309
7/14/04
40
15

109
9
5
8.5


10A
310
7/14/04
80
15

339
32

8.5














10B
316
7/14/04


25



8.5


10B
317
7/14/04
10
15

116
10

8.5


10B
318
7/14/04
40
15

151
14
4
8.5


10B
319
7/14/04
80
15

421
41

8.5














10C
312
7/14/04


25



8.5


10C
313
7/14/04
10


94
8

8.5


10C
314
7/14/04
40


134
12
5
8.5


10C
315
7/14/04
80


409
39

8.5














8A
320
7/14/04


24



8.5


8A
321
7/14/04
10
15

100
9

8.5


8A
322
7/14/04
40
15

149
15
5
8.5


8A
323
7/14/04
80
15

455
49

8.5


Table3: PE/CR values after mirror glued at the bottom of the scintillator.
Problems Encountered 

     The voltage to the PMT was turned to zero after testing each counter, so as not to suddenly jolt the PMT with a high voltage. However this posed a problem in resetting the voltage back to exactly the right voltage for each counter. Because of this we believe that the one PE measurement was changed for some of the counters tested. But because we measured the one P.E for each counter, this does not affect PE/CR or the near/far ratio.

Summary

    The scintillators that will be used for the CosRay HS GPS time-stamped set-ups have been prepared. Initial tests showed PE (far end) to be between 4 and 8, but 20 to 40 at the end near the PMT, with near/far ratio typically being 5. Some improvement (20%) in near/far ratio was seen upon glueing a small piece of front surfaced mirror (aluminized polycarbonate originally used in E865 at BNL) to the far end of the scintillator, to redirect rays which would otherwise escape.

     Work is continuing to prepare high gain bases for the PMTs that will be used in the final assembly. Final wrapping and testing are underway.
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