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The DarkBox: a high s’rdwe—sf/
_facility

One DOM electronics allows to acquire data from 31 PMTs
Using two synchronized DOM electronics we can test 62 PMTs in parallel.

62 dark cylinders:
each PMT is optically isolated

with respect to the others
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ical components

-

The opal diffusing glass discs

Carlos Maximiliano Mollo — 15/01 /2018 — PMT Workshop — Napoli



MI components

The optical splitter 1 input, 70 outputs

Output Power distribution

L7 18 19 2 21 2,2

ocptpw %

Number of channels
o

All outputs within 0,50% - 1,50% interval of the input power
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cal components

The optical splitter connected to the dark cylinders
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al components

PiLas Mod. EIG2000DX

50 Hz — 1 MHz

Repetition rate (internal trigger)
Repetition rate (external trigger)
External trigger input

External trigger pulse width

Synchronization output pulse width

Typical jitter between
synchronization
trigger output and optical signal

Warm-up time

LASER head

Single shot — 1 MHz
TTL & VAR upt 120 MHz
Typ. = 4 ns

typ. = 4 ns for external triggering
50% duty cycle for internal
oscillator

typ. < 4 ps

< 5 minutes

Wavelength 405 +/- 10 nm,
spectral width < 7 nm, pulse width
(FWHM) typ < 45 ps
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PMT Hamamatsu
PMT holder unit
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Carlos Maximiliano Mollo — 15/01 /2018 — PMT Workshop — Napoli



anics

Two trays of 31 PMTs each

66 cm

57 ecm top bottom
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onics

PMT tray equipped with cable extensions from Bari (Thanks to Marco Circella)

Removable connectors
For fast replacing

10
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Electronics

° B I” with PPS signal modified (output is LEMO, signal is 20 KHz trigger, synchronized
with PPS). V2.2

e “CLB II” V2.2 no modifications

® Laser Pilas Advanced Laser diodes

®  White rabbit switch, SFP avago & comm fibers ;
¢ Extended cables for the PMT bases WR Switch
¢ Calibrated Optical fibers to each PMT (equalized distance).

trigger

S e 2l

12
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Software

Dark Box Control by V. Kulikovskiy

User Location StartTime EndTime V. Kulikovskiy ~
ontinue Test ioke fiapol [015-02-11715:20 52 765+0000] 2015:02-121132613 30+0000 Finalize Teat Kulikovsgge.infn.it
art WV tuning atart Laser Meas. SetHVRunnumber Analyze WV Tuning
Getupt Gethy_default start Analyze Darkening
stop Analyze Laser
WV default HV Mon \ ’
ha-R121992.7277 | 1243620000 2,0 lo00662 5.4.2.3MAMA-R12199/2.6737 || 1168 800000

hMa-R12199/2.7285 | v [ 1062 660000

3.4.23MAMA-R1219912.4177 || (1

= {svrorrr Stk a2 omamA-az19972.4174 | 1003 570000
S w Sz smaia-Ratesr 73 [ ETLT20000
- 2.8 ooo5Es 5.4 2 3mAMA-RIZ19972.178 | ] o330 Dd-l-d que
<] Fiirzzioos 25 o0 oz samamazieor 172 | (567756000

3.4.23MAMA-R12199/2.6722 |~ | 1151 25

pra-r1219972.721

] [1167610000 2,7 000453 3.4.23HAMA-R12199/2.4173 | ¥ |1

160000

] [4174 240000

3.4.2.3HAMA-R12199/2.6726 |+ | 1148 5350000

hMa-R12199/2.7269 | v [1065

1000¢ 2,9 000871 [3.4.23MAMA-R1219972.6727 |»| 105170

1124730000 2,10 FFFFFFFE >
- 2,1 00047F 3.4.2.3MAMA-R12199/2.6736 | v | (1218570000
~] [1176:830000 2,12 loooa 3.4.2.3HAMA-R12199/2.6745 |+
] [1128 740000 2,13 [60260€ 5.4.2.3MAMA-R12199/2.2473 |+
[=] (1285030000 2,14 002 3.4.23MAMA-R12199/2.2474 |+
hMa-R12199/2.7270 |+ [1064 830000 2,15 002017 3.4.2.3HAMA-R12199/2.2480 | ¥

3.4.2.3/MAMA-R12199/2.2472 |~ 1163400000

pma-r12199/2.2487 |+

27 002028 3.4.23HAMA-R12199/2.2470 |+ 5 570000
pra-r12199/2.2486 |~ 2,18 004000 3.4.23HAMA-R12199/1.1616 |+
hma-r1219972.7266 |+ 2,19 l02ciA 3.4.23HAMA-R12199/2.2479 |+ (1032 300000

Detector Manager by C. Bozza

ontrol Unit Detector Manager

Main control window on Test Bench in Napoli

Detector
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Dark Box Setup

“CLB I” with PPS signal modified (output is LEMO, signal is
20 KHz trigger, synchronized with PPS). V2.2

“CLB II” V2.2 no modifications

Laser Pilas Advanced Laser diodes
White rabbit switch, SFP and comm fibers
Extended cables for the PMT bases

Calibrated Optical fibers to each PMT (equalized
distance).
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A test in order to verify the effect of the neon lights on the PMTs dark counts
(DC) and to measure the recovery time needed was performed. We measured
the dark rate of six PMTs (previously tested with the DarkBox) after weeks of
darkening within the shipping box. After the measurements we moved the PMTs
in a laboratory illuminated with fluorescent tube lights for two hours then, we
moved the PMTs again in the dark box. After one hour of darkening with PMTs
switched off we started the DC measurement.

The time needed in order to reach the initial values of dark counts is approx. a
week.

DC after one week

DC before light from light exposure
PROMIS ID UPI exposure [cps] [cps]
O002DFA 2.6972 420 385
000542 2.6987 295 341
002F38 2.6411 388 381
002EA4 2.7756 310 325
0030AC 2.6404 321 337
002F5A 2.6412 368 334

Elog entry: Qualification 547
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_—Plot show

DC [cps]
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Dark counts after 2 hours of neon light exposure PMT 2.6987 HV -1080V
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_—Plot show only the last 5 days

DC [cps] Dark counts after 2 hours of neon light exposure PMT 2.6404 HV -1127V
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_—Plot show only the last 5 days

DC [cps] Dark counts after 2 hours of neon light exposure PMT 2.7756 HV 1177V
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_—Plot show only the last 5 days

DC [cps] Dark counts after 2 hours of neon light exposure PMT 2.6412 HV -1148V
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_—Plot show only the last 5 days

DC [cps] Dark counts after 2 hours of neon light exposure PMT 2.6972 HV -1001V
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_—Plot show only the last 5 days
Dark counts after 2 hours of neon light exposure PMT 2.6411 HV -1086V
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DarkBox Calibrafion=—. =
/

>

ToT_main_peak
Entries 92215

Mean 22.58
< RMS 6.188

] —— dark noise
|
10" :
i

—— laser main peak

N [a-U.]

107

10°

104; — e 00 H N151::N MN Hﬂzlﬂh 250
ToT [ns]
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' DarkBox Call

® 1 CLB drives laser, and reads PMTs
® The same channel evening/morning next day
® Laser + PMT to the same CLB

¢ delta T ~130+-25 ps difference between the same measurements

N, [a-u]

tot_main_peak_0_0
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Entries 57617
= Mean 23.66
- RMS 4.835
TR TR I T T T I N 1 A 1 P11 |”| [
70
ToT [ns]

2

number of events

2

ttfirst_ 0_0
Entries 52101
Mean 113.3
BMS 7.317

170
hit time (ns)




CLBs + WRS syncro

® CLB drives Laser and detects light with PMT at channel O
® One CLB drives Laser, second one detects light with PMT at channel O
® Hit time peak value difference is 120+-35 ps (from fit)

” ttfirst 0 0
210° - Entries 36426
= F Mean 112
= L _,‘: RMS 3.166
g T /|
E1? Vi —
: E _I__I_I_I_I_I_IH

10° =

10 —

= [
1 = I TN N TR NN N TN T N (N N S M N S S R SR B

105 110 115 120

125
hit ime (ns) delta t(ns)
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' DarkBox Call

Fixed latency:
CLB | drivers Laser, CLB Il reads PMT (ch 28)

111.2

(ns)

111.15

TT +35

111.1

mean value gauss fit

111.05

111

110.95

110.9=

CLBs rées’rqr’r CLBs + WRS res’rcé:r’r

............................................................................................................................................................................

............................................................................................................................................................................

IIIIIIIIIIIIIIIIIIIIIIIIIIIII

measurement #
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DarkBox Cali
//47’//%47/

>

delta T for all Octopus channels (same PMT and setup)
Large-Small mean difference is 780 ps

Max difference 1.4 ns

TT+5 (ns)
—
S 2
I X
TT1

channel
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TT+5 (ns)

DarkBox Calib
/

A

dded measurements with other CLB + other octopuses (no laser attached to it)

Scope — test CLB + Octopus channels

The difference in delta t are smaller than 200 ps

12 = :
111.8 z_ ..................... SMALL ........................................................... LARGE ..................................... ..................................................
111.6 :_ ............................................................................................................................... ..................................................
111.4 __ ............................................................................................................................... ..................................................
2 T
111.2 ;_ ....................... . ...... ——— . ...... o . ................................................. . ! ............... . ' ...... P i .......
111 ;_ ............... TR # B
110.8 :_ ......................................... 1 ..................................................................................................................................................................................
110.6 E_l ...... " ................................ i ...... . ........................................ P MT+ qser+CLBI ..............................................
119_415_.. ...... ' ...... : ...... ' ............................... e & ' ................................................. quer+CLBI ....... PMT+CLB" .........
110.2 —_1 .................................................................................................................................................................................
1101— i , i i | i | i i
0 5 10 15 20 25 30

channel
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HV tuning
/

> Hamamatsu provides the Nominal High Voltage obtained in Current mode operation.
KM3Net works in pulsed mode.

Tune HV : TOT 26.4 (reference by Oleg K. — average value og 600 PMT)
Scan HV from Hamamatsu NHV -100 V; +50 V with a step 25 V
Base Threshold 1095 mV (2F) =2 0.3 p.e.

—

=. : : : : : : : :
s 1 PR 7 N RSN SR
FaE i : é ; : : : :
Z : | : |
0.8 _ ALY _______________________
0.6

0.4

0.2 J e O O S

30 35 40



HV tuning g S

/

> Hamamatsu provides the Nominal High Voltage obtained in Current mode operation.
KM3Net works in pulsed mode.

Tune HV : TOT 26.4 (reference by Oleg K. — average value og 600 PMT)
Scan HV from Hamamatsu NHV -100 V; +50 V with a step 25 V
Base Threshold 1095 mV (2F) 2 0.3 p.e.

ToT (ns)
o
=

25

error is

20 :
gauss sigma

15

“Homamaisi |1y fned
. Nominal HV

10

1 I 1 1 1 I 1 1 [ I [ 1 1 I 1 [ 1 I [ 1 [ I 1 1 1 I 1 [ 1 I 1 1 II
860 830 900 920 940 960 980 1000 1020
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“HV tuning fails
322 PMTs has not passed the test due to HV tuning failure

HV tuning

HV tuning

ToT [ns]
8 8
TT A RARNRAR:

14 |

T R Y N VN7 A S S VT (O O 0 [PV N R T Y [ [ Y O N L Y [ Coo bos o by oo b o bov o ba o bya o b uya g o)
-1240 -1220 -1200 -1180 -1160 -1140 -1120 -1100 -1080 0 1180 -1160 1140 -1120 -1100 -1080 -1060 -1040 1020
HV[V] HV [V]

If the Promis ID is wrong the vendor HV is wrong too. The HV
tuning starts from a HV value that is the vendor’s one.

So many RED PMTs could be GREEN just testing them again with
the correct vendor HV.
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- Test procedure

* Load PMTs on the trays 1 h

* Set Nominal HV 30 min

* HYV tuning (including HV tuning analysis) 1 h 30 min
* Darkening 5h

* LASER tests (TTS, prepulses, afterpulses and 30 min
Delayed pulses)
* PMT selection after test results and 30 min
packaging
Q hours for each test

Thanks to a little modification on the LASER controller we can control each component
remotely. At the moment we are performing 2 tests/Day.
With another couple of cable extensions we can improve the test time of about 1h

31
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~ Output test example

The HV tuning fit

HV tuning
@ =
£ 32—
= C
(o] s
= 30—
28— -|»
26—
24—
22—
20:— 4
18—
16—
14—
12—
:IIIIIIIIlllllll(ll[lllllllllllllllll
-1000 -980 -960 -940 -920 -900 -880 -860
HV [V]
.
The ToT fit .
— tot_main_peak 1_15
3 il Entries 321806
2 E Mean 26.3
F F . 4.82
B — dark noise

102

T IIIIIIII

—— laser main peak

o

250
ToT [ns]

Dark Counts trend

rate*10.:tsec {domid == 12497449 && channel == 15}

S000—
°
s
2500—
2000—
1500
1000
500[—
0 C | 1 1 ] 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
5000 10000 15000 20000 25000
tsec
. (] [ ]
The hit time fit .
2 ttfirst_ 1_15
T 05— Entries 549657
@ E
3 E Mean 3764
5 F RMS 302
s F
E10°E
= =
= =
10° E-
10° ==
10
1
0 1000 2000 3000 4000 5000
hit time (ns)
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DarkBox test summary (Test #33)
PROMIS ID: 0005C4
Quality : GREEN
UPT : 3.4.2.3/HAMA-R12199/2.4082
Tuned HV : -987.94 V
DarkRate : 793.13 Hz
ToT peak : 26.8561 ns
Prepulses : 0.00292931%
Delayed : 0.0709103%
Afterpulses : 0.476641%
TT peak : 3793 ns
TT FWHM : 3 ns

32



ST ACCepTal

We need tested PMTs as soon as possible! We need to define a FAST AND SAFE
Protocol to identify good PMTs.

-

TRIAGE
YELLOW
PMTs within the PMTs in wich one test PMTs with very high Dark
specifications. goes wrong (i.e. HV tuning) Counts (>3000 cps) or out
Ready for the integration OR of the specifications
dark counts from 2000 cps To be tested again, if still
up to 3000 cps. RED a decision must be
\ To be tested again made (KM3NeT acceptance) j

This is not an acceptance protocol for KM3NeT!

Is just a fast way to have good PMTs for the integration sites.

33
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After the re-test of 130 YELLOW PMTs and 856 RED PMTs we had 50 YELLOW PMTs. It was

Decided to re-test them with a darkening time of 24 hours.

Total PMTs after retest of 50 re-tested

Results: yellow PMTs
* 40 GREEN
e 5 YELLOW TRIAGE RESULT

B GREEN YELLOW mRED

* O5RED

0,
6,0090:07%

RED PMTs recovered: 53,03%
YELLOW PMTs recovered: 96,87%
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GREEN: 6483
YELLOW: 5
RED: 472
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Fi%altest . resuhé\/

- Dark rates ALL

Dark Rate Dark Rate

107

10

] 1072 =
10* 1o 10° 10’ | I-Iltlaz |1|||13 1||}4 10°
Dark counts at 20 deg C and 0.3 spe threshold 85% < 1070 cps
within 12 hours: 89% < 1490 cps
* 1500 cps typ. (89.7% ) 95% < 2630 cps
* 2000 cps max. (922,9%) 98% < 5460 cps

99% < 9130 cps

35
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Final test results
ToT ALL

ToT ToT

2000 — i—
1800 B
15003— u.s_—
14003— L
12003— 06—
10003— L
Bﬂﬂf— 0_4__
snuf— L
-muf— u.z_—
2nuf— B

[5:' = '2|5' = ':zls' = I2|TI = '2|a' = 'zlgl = e.ln = '3:1' B [54_' = '2|5' = 'zlel = '2|?' = '2|a' = 'zlgl = e.ln = '3|1' S

ns ns

ToT 27.1 = 0.5 ns

NO NAME VALUE ERROR SIZE DERIVATIVE

1 Constant 1.95545e+03 3.31033e+01 2.36070e-01 6.42487e-06
2 Mean 2.71566e+01 6.59424e-03 6.03524e-05 -1.76085e-02
3 Sigma 4.99883e-01 5.54941e-03 2.07381e-05 1.03240e-01

36
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Final test result

/
Prepulses ALL

Prepulses Prepulses

2200

1]
2000

1800 0.8

1600 07

1400 08

1200 05

1000
04
800
0.3
600

400 02

200 0.1

=
=]
b
=]
T
[=]
h
=]
=]
-
=
e
-
Y
=
o
-
=]
a
[=]
=]
=
ta
=
Y
[=]
o
=]
=]
-
=
[§%]
-
Y
=
o
=
=]
a

85% < 0.16 %
91% < 0.24 %
95% < 0.42 %
98% < 0.82 %
99% < 1.20 %

Prepulses between -60 ns and -10 ns:
* 1% typ. (97,8%)
* 1.5% max. (98,8%)
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Final test result

/
Delayed Pulses ALL

Delayed Delayed
1800 =
1600 f— B
1400 — 08—
1200 _
- 06—
1000 — -
800[— B
- 04—
600[— B
400 ;— ool
200 -
0 :| L I TR A T R I | L L ! | ] L —‘—é Lo I PR R R Y N TR SRR SR N NN R |
1 2 3 4 5 6 1 2 3 4 5 [
% %
o
Delayed pulses: 3.2 = 0.3 %
NO. NAME VALUE ERROR SIZE DERIVATIVE
1 Constant 1.74615e+03  3.23823e+01  3.13527e-01 -5.28851e-06
2 Mean 3.16627e+00 6.73859e-03 6.25039e-05 1.46766e-02
3 Sigma 3.48020e-01 4.21744e-03 2.49388e-05 -2.70357e-02

Delayed pulses between 15 ns and 60 ns (i.e. pulse arriving late with no pulse at correct time):
* 3.5 %typ. (73,5 %)
* 5.5 % max. (98,5 %)
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Final test resu
~ Afterpulses ALL

Afterpulses Afterpulses

250

200
0.8

150 06

100

0.4

50 02

| P T AT S TR TR NN TR N TR TR NN T T S 1 | P I S T T RO AN MO TN T T AN TN TR SR NN TR S SN S S SR |
3 10 15 20 25 30 3 10 15 20 25 30
k] k]

Afterpulses: 7.2 * 2.4 %

NO NAME VALUE ERROR SIZE DERIVATIVE
1 Constant 2.40958e+02 4.83007e+00 -1.68602e-02 -1.15780e-04
2 Mean 7.06440e+00 5.45156e-02 1.12946e-04 6.77774e-03
3 Sigma 2.43315e+00 5.49366e-02 -4.50349e-05 -1.46000e-01

Late after-pulses between 100 ns and 10 us:
* 10 % typ. (71,4 %)
* 15 9% max. (92,4 %)
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= = =

TTS ALL

Transit Time Spread (FWHM)
4500

4000

3500

2500

2000

1500

1000

th IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

TTS: 2.6 £ 0.6 ns

NO NAME VALUE ERROR SIZE DERIVATIVE

Constant 4.26268e+03 7.78017e+01 2.70070e-02 4.80071e-07
Mean 2.56299e+00 7.87677e-03 7.68896e-06 1.12190e-03
Sigma 5.66615e-01 7.87494e-03 1.74721e-06 2.52584e-03

w N =
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-------

P

qu rates GREEN

Dark Rate Dark Rate

I
-

107

107"

10
102

102

...10‘ L L .....Aiuus |||1D‘ 1 1 |||||1|['5

85% < 850 cps

Q0% < 1030 cps
95% < 1360 cps
98% < 1680 cps
99% < 1840 cps

41
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Final test res

ToT GREEN

ToT ToT
1800 — 11—
1600— B
1400— 08—
12003— -
= 06—
1000 — L
800— -
- 04—
600— B
400?— 02—
200— _
e 25 26 27 28 29 30 3 32 s % R
ns ng
ToT 27.1 £ 0.5 ns
NO NAME VALUE ERROR SIZE DERIVATIVE
1 Constant 1.71977e+03 3.09572e+01 2.01156e-01 1.38358e-06
2 Mean 2.71399e+01 7.01510e-03 5.84667e-05 -3.08259e-03
3 Sigma 4.99847e-01 5.87814e-03 2.03997e-05 1.25413e-02

42
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Prepulses GREEN

Prepulses Prepulses

I
-

09

1w0?
0.8

07
102 0.8

0.5

04

10 03

02

0.

-

10! 1

=]
b
=]
s
e
h
=]
[=+]
-
e
e
e
s
e
o
-
=]

85% < 0.12 %
91% < 0.18 %
95% < 0.30 %
98% < 0.48 %
99% < 0.66 %
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Final test resu
Delayed Pulses GREEN

Delayed Delayed
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Delayed pulses: 3.1 £ 0.3 %

NO. NAME VALUE ERROR SIZE DERIVATIVE

1 Constant 1.76168e+03 3.39285e+01 3.24138e-01 -2.11545e-06
2 Mean 3.14773e+00 6.47870e-03 6.27782e-05 7.81600e-03
3 Sigma 3.39754e-01 4.46385e-03 2.85827e-05 -1.64899e-02
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Final test re
~ Afterpulses GREEN

Afterpulses Afterpulses
250(— 1—
200— 08—
150 — 06—
100— 04—
50— 02—
D L 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 | I 1 1 1 | I | | | 1 D l_ 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1
5 10 15 20 25 30 5 10 15 20 25 30
%o %o

Afterpulses: 7.1 £ 2.9 %

NO NAME VALUE ERROR SIZE DERIVATIVE
1 Constant 2.31121e+02 4.52094e+00 1.56305e-02 7.77533e-06
2 Mean 7.08029e+00 5.79604e-02 2.67652e-04 1.89935e-04
3 Sigma 2.92765e+00 7.17130e-02 2.84968e-05 2.25752e-03
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"TTS GREEN

Transit Time Spread (FWHM)

4000

2000

1000

;
AR RN RN AR RARRN AR

5 6 7
ns
TTS: 2.5 = 0.4 ns
NO NAME VALUE ERROR SIZE DERIVATIVE
1 Constant 5.45648e+03 1.72582e+02 4.34001e-01 -3.25981e-06
2 Mean 2.54206e+00 6.27925e-03 2.88585e-05 1.39497e-02
3 Sigma 4.28361e-01 8.68543e-03 1.41196e-05 -1.24344e-02
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First hits distribution " ..
/

>

st 0 2
£ Entries 751472
gms Mean 11.25
5 RMS 11.15
¥
10° :'1#*’3
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1
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" | I T T b ! |3[]] il

—100 0 100 200 400
hit time {ns)

We can have a distribution that contains info from all PMTs

average of all normalized and shifted distributions
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Channel 11 not used.
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ot

Channel 10 not used.
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200
Transit time (ns)

b) RMS = 5.7 ns
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RMS study |
//RMS distribution superimposed

RMS distribution from -100 to 100 ns RMS distribution from -100 to 100 ns Cumulative
8450 — Al g [
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“400 Yellow e L
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300 | B
2500 | 08/~ — Al
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200 L I'
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RMS of the hit time between -100 and 100 ns is a good parameter to
indentify spurious pulses anomalies.

51
Carlos Maximiliano Mollo — 15/01 /2018 — PMT Workshop — Napoli



-q

T

¢

__|||!
T S ¢

xS

. "E -.-.--.-.
[EETRSTTay TRy

80 100 0°
tt_hit(ns)

Carlos Maximiliano Mollo — 15/01 /2018 — PMT Workshop — Napoli

52



afterpulse source

duration (typ.)

luminous reactions 20to 100 ns

ionization of residual gases:

- in the electron-optical input system H,: 0.3 us
He*: 0.4 ps
CH,':1ps

- in the electron multiplier

1 to several ps,
e.g. 3 ps for Cs*

T T e e TR e [}—D

2000 3000 4000 5000
tt first hit(ns)
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afterpulse source

duration (typ.)

luminous reactions 20to 100 ns

ionization of residual gases:

- in the electron-optical input system H,: 0.3 us
He*: 0.4 ps
CH,':1ps

- in the electron multiplier

1 to several ps,
e.g. 3 ps for Cs*

0 b T e Lo e il iiser I, o
0 1000 2000 3000 4000 5000

tt_first_hit(ns)
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~Dark Box performances monitoring

Distribution of the averages of parameters measurements
in a tray.

Q9 tests done = 198 average values for each parameter
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/DﬁlBox

performances monitoring

Dark counts VS nTest
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Quite flat and good values
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Dark Box performances monitoring

TTS(FWHM) VS nTest
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Quite flat and good values
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- Dark Box performances monitoring
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Afterpulses counts VS nTest
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Quite flat and good values

Carlos Maximiliano Mollo — 15/01 /2018 — PMT Workshop — Napoli

58



" Dark Box performances monitoring

Delayed pulses VS nTest
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Some statistical anomalies due to a dependecy of the measurement to the laser conditions

This «instability) was fixed from test 77
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Prepulses VS nTest

Prepulses

__Illl.llIIII_IIII_IIIIIIIIIIII

TTLE

0 20 40 60 80 100 120 140 160 180

nTest
Some statistical anomalies due to a dependecy of the measurement to the laser conditions

This «instability) was fixed from test 77
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the HVtuned

/———\,
About PMTs HV
and HVvendor difference

HVtuned-HV Hamamatsu

Distribution o

600
500 The sigma of this
distribution
400 is 20V approx
(FWHM=50V).
3+ 300 The distribution is
centered on -50V
200
100
0

100
110
120
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Two tests performed with HV

About PMTs HV
tuning and with VendorHV-50V

The test 92 was performed adopting the classic method (test 92n with HV tuning)
and was porformed again setting all HV to the HVvendor — 50V value (test 92).

ToT VS nTest
Obviously the ToT in test

30

ToT

o o BT T 92n is much more stable
-'ll::.ll.l...l:..'.l.l..l. ::ll'l.-l.:'l.ll... ...- .'...'.l
osl Poee : but as you can see the
- differences are not too
ool high. In addition this
- calibration could be
15— performed after DU
= integration.
10| + 92
s - 92n
{}: PSR T TR T T A NN T S TP S R S T TR T NN T T S T R AT T
0 10 20 30 40 50 60

nTest
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Two tests performed with HV

About PMTs HV
tuning and with VendorHV-50V

The test 92 was performed adopting the classic method (test 92n with HV tuning)
and was porformed again setting all HV to the HVvendor — 50V value (test 92).

Dark counts VS nTest Here the DC for both tests.

Q i The differences are

o - 92 negligible but during the
- HV tuning 3 PMTs do not
- passed the test (3 DC=0
- points)
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About PMTs HV

Prepulses

%
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Two tests performed with HV

-
g

tuning and with VendorHV-50V

The test 92 was performed adopting the classic method (test 92n with HV tuning)
and was porformed again setting all HV to the HVvendor — 50V value (test 92).

Prepulses VS nTest

Here the prepulses, we

+ 92
- 92n

have almost the identical
behaviour for both tests.

40 50

60
nTest
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Two tests performed with HV

About PMTs HV
tuning and with VendorHV-50V

The test 92 was performed adopting the classic method (test 92n with HV tuning)
and was porformed again setting all HV to the HVvendor — 50V value (test 92).

Delayed pulses VS nTest Also for the delayed

pulses we have the

Yo

same behaviour, the 3
zero peaks are for the
PMTs that do not have
passed the HV tuning.
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Afterpulses

Two tests performed with HV
tuning and with VendorHV-50V

The test 92 was performed adopting the classic method (test 92n with HV tuning)
and was porformed again setting all HV to the HVvendor — 50V value (test 92).
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Afterpulses VS nTest
Also for afterpulses

the two
92 medasurements are

92n

almost equal.

-
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nTest

66
Carlos Maximiliano Mollo — 15/01 /2018 — PMT Workshop — Napoli



!:" v‘

Also test 93 was performed with VendorHV-50V and

performmg the HV tunmg' ToT differences vs HV differences for both tests

DToT vs DHV y = 0.05x + 0.051

R2 = 0.7966

2
J

Linear
approximation due
to the small HV

interval
-80 40 60 Approx. 1 ns/20V
= *
-
2
[a]

<

DHV [V]
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APDOU

Also test 93 was performed with VendorHV-50V and

performing the HV tuning.

DTT vs DHV y = 0.0222x - 0.0387

R2 = 0.5554

40 60

DTT [ns] .

[
N

2.5
DHV [V]
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TT differences vs HV differences for both tests

Linear
approximation due
to the small HV
interval

Approx. 1 ns/40V
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Sigma = 27.6621 + 0.363204

Illl_Llllllllll

-300 -200

-100

0 100 200 300

diff[V]

Carlos Maximiliano Mollo — 15/01 /2018 — PMT Workshop — Napoli

69



~Conclusions

6960 PMTs tested: 6483 green PMTs, 472 RED PMTs and
5 YELLOW PMTs.

RED and YELLOW PMTs were replaced by Hamamatsu

Small variations in HY have a small impact on PMTs
performances.

HV tuning fails if the promis ID is wrong (bit flip)

The RMS of the hit time histogram is a good parameter to
identify RED PMTs due to timing problems.

Pre-darkening longer than a week is need to prevent
effects due to sunlight or fluorescent light exposure
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