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Summary

v" PMT 10 inch and PMT 3inch in single photoelectron condition

e Charge and Time distribution for pre and delayed pulses (spe)
* Charge and Time distribution for afterpulses AP (type 1, type 2 and multiple
AP2)

v" PMT 3inch
» \Variation of transit time spread (TTS) and of fractions of spurious pulses in
different conditions of response of PMT (from spe to 3 pe and 5 pe)
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Spurious pulses not correlated with main pulse :

Pre-pulses : due to the direct photoelectron emission on the first dynode from the
photons which passed the photocathode without interaction. The arrival time of pulse
will be anticipated in confront of the main pulse.

Delayed: The primary photoelectron is reflected from the first dynode without a
secondary electron emission, it turns towards the photocathode, makes a loop and only
after it creates a cascade of electrons in the dynodes. The arrival time of the hit will be
delayed in confront of the main pulse (delay 10ns-100ns ).

Spurious pulses time-correlated with the main PMT response:

After pulses(type 1, type 2, multiple after pulses): noise pulses that appear following
the main PMT response to a detected light event. (100ns-16us after Main pulse)

80 ns 10 ns Ons 10 ns 80 ns 16 us

| Delay Pulse
re Puls Main Pulse After Pulse1 After Pulse2

Pre Pulse : Arriving pulses at 10 ns te 80 ns before the Main Pulse. They are not correlated to the Main Pulse.

Delay Pulse : Arriving pulses at 10 ns to 80 ns after the Main Pulse. They are not correlated to the Main Pulse.

After Pulse 1 : Arriving spurious pulses at 10 ns to 80 ns after the Main Pulse. They are correlated to the Main Pulse.
After Pulse 2 : Arriving spurious pulses at 80 ns to 16 us after Main Pulse. They are correlated to the Main Pulse.
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R7081 10-inch by Hamamatsu

Gain = 5*10’
Laser PicoQuant wavelenght 410nm
10kHz (external -trigger)
Large Are PMT Mushroom shape
Bialkali photocathode
Active base by ISEG

Charge distribution of dark pulses
T T T T T T
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10-inch Spurious Pulses (spe)
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Measurements Setup for After pulses

Oscilloscope LeCroy
Trigger : Laser and PMT Main signal coincedence
Acquisition for 20us

5.0 FSS/S | Spurious pulses taken in
Offline analysis single photoelectron conditions

20.0 mV/div 1.00 is/div |Stop
45.60 mV i 50.0kS 5.0 GSIs Pattern
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@ 10-inch After pulses (spe) (NEN

Type 2: AP (100 ns - 16us) :

due to the ionization of the residual gas in

Type 1: (10 ns - 100 ns) : dueto

luminous reaction on the electrodes. the PMT.
Time distribution After Pulses type 2
Time Distribution After Pulses type 1 2 pea kS F
L + +
2 F .
o 18— -
na contributi |
~2% : ~9%
- ons) 8| -
12 i
c \ 8
10— H
8:— 4
6
- 2
A
2% 0 I 20|00 4000 SDUDI ‘ ‘BO‘DD‘ ‘IICIODIJ 12000 1400[} 16000
07I 1 I" 1 | 1111 | 1111 | 1111 Tlme (nS)
0 70 80 80 100
Time (ns) Charge distribution AP2
g 22r
M '
Charge Distribution After Pulses type 1 ® e
o E 18— AP2
g [ AP1 16/
® o2 . | C mean
C main =
101 1 y " value
C 0] e. F
o P 10 about
B g
o = 1,5 pe
C 6—
“F af
- 2F
N= HIII.IIIHII.IIIIIII.IIII
. 0 2 4 6 8 10 12
3 Charge AP2 (pe)
Charge (pe)
v

V.Gio i Valentina.Giordano@ct.infn.it



g B
& r
23] —
& 451
— = —2.5
O 4
35E- APl |
3
25 —1.5
2
= —1
15
1=
= 0.5
0.5
0:I L1 1 I | | | 111 1 | | | | I 111 | | .| | 119 | | 1111 | 1111 | 1111
0 10 20 30 40 50 60 70 100
Tlms (ns)
e F B
g r )
& 8 .. —116
s bC :
5§ £ .- AP2
- —{14
5— ;
- —12
ab—.
C . —10
3— g
: -
- —i6
2— )
: - .\_ -. " -..-- - 4
. H] _.-':.__ _— --
1 I e
C .- FSam 2
[k L : R o BSTa Fy Se | w41 i o 0
0 2 4 6 8 10 12 14 16 18
Time (us)

V.Giordano INFN-Catania - VLVnT13

Events

10-inch After pulses (spe) (NEN
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Charge Vs Arrival Time for After pulses:
AP1 are mainly of spe
AP2 have more high charged events

Charge distribution of AP2 in
different time ranges.

In black there is the peak
corrensponding to CH,* while
in gray there is the Cs* peak.
High charged AP2 are due
mainly to CH,*

' 41s<Time<9us
i — Time<4ps

W‘%

2 3 4 5 6
Charge (pe)
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Multiple AP2 events are present in PMTs.
For only one AP2 the mean charge is about
1,2 pe but charge per pulse increases up to
3 pe with the increasing of number of AP2
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N° AP2

10

11

Fraction (%)

8,27
2,59
0,87
0,46
0,21
0,15
0,10
0,08
0,03
0,05

0,03

Mean Charge

(pe)
1,2

1,3
1,9
2,9
2,5
2,5
2,6
2,6
2,3
2,3

2,9

)
INFN

10 inch Multiple After pulses (spe)
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R12199-02 PMT 3-inch by Hamamatsu~

*  Gain=5%10°

*  Laser PicoQuant wavelenght
410nm, 10kHz (ext-trigger)

*  Mushroom shape

*  Bialkali photocathode

*  Passive base made by Erlangen
group

3-inch PMTs into a
multiPMT optical
module

Charge pe

events

Dark current with glass for two
different PMTs—>for effects of
glass see E.Leonora’s
presentation

10°
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3 inch characterization in spe
conditions

Peak to valley ratio:
Fit expo+gaus

Charge Spectrum spe

120* Sing|e TTS ~ 4ns
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Set of 20 PMTs by HAMAMATSU 3-inch R12199-02 tested in INFN-Catania laboratory

everts

events

3-inch main properties
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55 B 6.5 u
Delayed Pulses (%)
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After Pulses (%) 12
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3 inch Characterization (1, 3, 5 pe)

Mean charge PMT rensponse of 1, 3 and 5 pe

Transit Time

% - —Tpe yor Charge Main Pulse — 5pe
Sk —3pe ,%1 - — 1pe
§ —5 pe B r —— 3 pe
103;— 102E
10;— _
, Ll AN | || oL MIH
! A L L . L 0 2 4 6 8 10 12 14 16 18 Chazrge(pe}
Time (ns)
conditions TTS FWHM
(ns) Changing PMT conditions from 1 to 5 pe TTS is
reduced .
1 pe 4,0
3 pe 3,0
5 pe 2,8
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3 inch Spurious Pulses : Pre-Pulses
and delayed (1, 3, 5 pe)

Charge Pre Pulses

B — 1 pe
g U= — 3 pe
6:— —ope oy e
i conditions Pre-pulses delayed
T 1 pe 0,3 % 6,40 %
£ 3 pe 0,01 % 1,14 %
TR0 g 5 pe 0,002% 0,47 %
Charge Delayed Pulses -
o —5-pe
3 3 pe
107 —1pe .
- Pre pulses and delayed fractions
I became lower at conditions of 3 pe
“F] mﬁ_ﬂw and 5 pe.
: il Pre pulses (very low statistic!) and
H delayed pulses increase in charge
- N N N from 1 pe to 5 pe.
0; ' 2 ' 4‘, ' e s‘; s 1'0 14
Charge (pe)
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3 inch After pulses type 1 (spe)
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< 3 inch After pulses type 2 (spe) “

Fraction of AP2 lower than that of 10inch AP2 =4,15 %

Two pea ks like 10- Time distribution AP2 3-inch Charge AP2 3 inch _
. £ 40 Entries 2435
~ 8 - + § = ean .

inchat~lpsand ¢ Cs L o' 12
~3]J,S for the two 25 305_
ions Cs*and CH,* - -

. . 20— s
(time difference - b
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to the geometry). 0= oF-
Higher mean . .|....|...|....|...IM.M..WM‘I‘{MMHH L MMMMWMMW

h for AP2 1000 2000 3000 4000 5000 6000 7000 sugl'?me (ESD)OO Charge (pe)
charge
than AP1. 3 inch Charge distribution AP2

T 8 5 «
g 7%— I45 21025_

Ti m e _C h a rge 6 6 E_ —4 r 1500ns<Time<4000ns
correlation has a o N
behaviour similar s N
to that of 10-inch 28 -

. . C 15
with an higher 2E |
charge component 0s
for the CH,* peak. oot o0y~ dand 4005 oo d000 - 000 ; B S R P
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< 3inch Multiple Afterpulse (spe)

Charge multi AP2

—— Single AP2

Tl
iy

— 2AP2
— 3 AP2

HMMHLHMHMM hu
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1
2
3
4

3,81%
0,25%

0,07%
0,025%

1,20
1,21
1,18
1,22

INFN
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Differently to 10-inch PMT, in 3 inch

PMT multiple AP2 have a charge
mainly of spe.

Multiple AP2 show lower fractions in

confront of 10-inch PMT
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4 Conclusions -

10 inch (spe conditions) 3 inch (spe conditions)

TTS (FWHM) ~ 3 ns TTS (FWHM) ~4 ns (in 3 pe and 5 pe
conditions it becomes lower)

Pre-pulses and delayed are of spe charge Pre-pulses and delayed are of spe charge
(in 3 pe and 5 pe, fractions are lower and

charge increases)

AP1 mainly of spe,temporal peak at AP1 mainly of spe,temporal peak at
around 30 ns about 20 ns

AP2 mainly of 1,5 pe ,temporal peaks at AP2 mainly of 1,6 pe ,temporal peaks at

around 2ps and 8us (Cs and CH,*). First ~ around 1us and 3us (Cs and CH,* ). First

peak with an higher charge contribution peak with an higher charge contribution
in confront of the second in confront of the second

Single AP2 with mean charge of 1,2 pe  Single AP2 have a mean charge mainly of

1,2 pe
Multiple AP2(>1) with a mean charge Multiple AP2 (>1) with a lower statistic
>1,5 pe than 10-inch and mean charge of about

1,2 pe
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Thank you for your attention
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