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Q The photomultiplier IN:;?

L}atania
R7081 produced by Hamamatsu:
¢ 10 inch. photocathode

e Standard bialkali photocathode (QE = 25% @ 400nm)
e 10 stages

For NEMO phase-2 a batch of over 70 PMTs has been characterized

®R7081
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acmracterisﬁcs of the 72 R7081 Hamamatsu PMTs ,N’fp/,?

( Catania

mean values 14
values required 12
N “ 1
Voltage at Gain 5E7 [V] 1655 < 2000 =
s
Dark Count rate [Hz] 1388* <5000 g
£
P/V ratio 3.5 >2 “
Charge resolution ¢ % 31.6 <50
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dark t rate [H.
TTS FWHM [ns] 2.8 <3 ariccount rate [zl
12
Pre-Pulse % 0.02 <1 ol
Late Pulse % 5.5 <5 E 8
o
Type 1 after pulse % 1.1 <1 R
€ 4
Type 2 after pulse % 4.4%* <5 2
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* Excluding one PMT with DC rate of 4093 Hz 2
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* ISEG PMT base PHQ7081-i-2m (modified) IN:h?

( Catania

Main features:
* Active base
« 45 Volts supply (bipolar voltage supply before modification)

+ Cathode-1*dynode and 1*dynode-anode voltages individually controllable
* Anode current max : 100 microAmpere

* Power consumption : 150mW @ 2000 Volts
* Modified on the ouput on NEMO requiremts

HU 1eead to MOL_E i E OUT-Anode

decoupling

damping resistors

Picture of the ISEG base soldered
Modifications on ISEG base
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@ Effect on the anode signal of the ISEG modification

1 p.e typycal signal from Hamamatsu
R7081with the ISEG base

The same signal obtained with the
damping resistors

Cgangioer | R\ T |

‘ - no ringing in the signal

- rise time and width increased
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a Dynamic Range of the R7081 PMT with ISEG ,N"F/,?
L-/Cz:tania

Good linearity up to 100 p.e. for Gain 5E7
Saturation is correlated with anodic current
Max value 1 nC - 120-150 p.e at gain 5*107

Lower gain , higher dynamic range
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a Comparison with ICECUBE measurements (same R7081 PMT used) ,N’/F/,?

( Catania

@ O |ICECUBE:gain 1,12*107; led with different attenuatuation filters

O | NEMO: gain 1*10 7 ; Laser light source, measured by a bolometer nW

Charge [pC] Vs p.e.
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)

Typical signal parameters vs. light intensity INEN

( Catania

gain @ 5 E7; acquisition averaged on 1000 pulses

c1
c1| i =]
| I
3 1p.e. 10 p.e.
1 i
- I Measure P1:area(C1) P2widn(C1) P3fall(C1) P4:ampl(C1) PS5 - - P - -
Measure P1:area(C1) P2widn(C1) P3all(C1) Pa:ampl(C1) [ PE:--- . sacallblivg Wt Wcdil Wsctiid
value -436.62000 pvs 7.263ns 3139 ns 50.62 mv Laelt = "vs e Ly s " st "‘v
mean -434.1293601 pvs 7.18368ns 313033ns 50.64972 my m'a“x s Evz Pl ;: e :z b mv
min -443.63737 pvs 5.902ns 2503 ns 41.103 mY sdev 96.000261 pvs 104.89 ps 79.26 ps 7.8904 my
max -306.92651 pV's 7.881 ns 3879ns 52.746 my i bia pye e P
sdev 7.3483660 pVs 103.49 ps 5452 ps 647.23 PV i s .
num 937 937 937 937 i & eI o
status v A & & ) . 100 mvidiv
imehase -19.2 289.00 mY| 1.
10.0 nsi 949 #|
1.00ks 10
| 50-pe— 100 p.e.
ct I :
c1 L
e+ \\ e
: : . I : : : .
Measure P1:area(C1) P2:widn(C1) P3fall(C1) P4:ampl(C1) P5i--- PG--- Measure P1:area(C1) P2widn(C1) Pafall(C1) P4:ampl(C1) P§--- PG - -
value -22.077585nVs 10.783ns 4.084ns 1.8027V value -30.930057 nVs 12.060 ns 4367 ns 29098y
mean 2210865274 nivs 10.79814 ns 408789 ns 1.806194 tan -30.78114577 v 1205314 ns 4.34498ns 2.09550y
min -22.4137221vs 10269 ns 2.489 ns 15827V iin -40.528278nVe 11.842 ns "3.964 ns 2773V
max -19.261945 nvs 11.428 ns 4300 ns 1.9888 Y g 37812064 Ve 12,898 ns 1585 ns 3004V
sdev 187.44899 py's 54.56 ps 114.22 ps 16.858 mv S 250.75375 pvs 5299 ps 18917 ps 14.57 my
num 1S 5l 957 Ll num 1.0038+3 1.0038+3 1.003e+3 1.0038+3
status v A A status v A A 7,

imebase  -8.6 ng| [Trigger

Stop

eo

500 mVidiv

10.0 nsi
1.00kS 10 GS/

imebase -8.6 ng| [Trigger
10.0 nsii
kS 10 GS:
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The effect of the PMT saturation | N:D

( Catania

™ T

= Gain=5E7
/ 1 pe = 400 pVs

FY
Measure P1:areai{C1) P2:awidn{C1) P3:fall{C1) P4a:ampl{C1) P5--- PB:- - -
value -436.62009 pvs 7.263 ns 3.139 ns 5062 mv
mean -434.1293601 pvs 7.18368ns 3.13033ns 50.64972 mv
min -443. 63737 p¥s 5.902 ns 2503 ns 41103 mv
max -306.92651 pvs 7.881 ns 3.879 ns 52.746 MYV
sdev 7.3483660 pvs 103.49 ps 54.52 ps 647.23 pv
num 937 937 937 937
status v R A A

imebase -19.2n rigger
10.0 nsfid Stop
1.00 kS 10 GSis)Logic

- ™ - Gain=5E7
300 p.e \ | 300 pe = 120 nVs

~N

\ f f | f

Fy
Measure P1:areaiC1) PZ:widn{C1) P3:fall{C1) P4:ampl{C1) P5--- PB- - -
value Z./01208nV 16.565 ns 5106 ns 4692V
mean -78.87338681 nVs 16.61867 ns 4.03253ns 46719385V
min -80.060974 nv¥s 15.802 ns 3.689 ns 3.2943 W
max ~RS.5135 Sibie 17.433 ns 5127 ns 4.7249V
sdev 229.32946 pV¥s 282.69 ps 498.87 ps 169.033 my
num 972 972 972 972
status g R A A

g rigger
Stop
10 GSisjLogic

<120 nVs__
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a Resume of signal parameters vs. incident light intensity

Anode pulse charge (pC) Anode pulse Amplitude (mV)
1600 4500
1400 ° 4000 /4_*,,7»4
1200 e 3500 —
1000 - 3000
2500 7
800 A 2000
600 W 1500 1——
400 7 1000
200 500
0 / T T T T T 0 T T T T T
0 50 100 150 200 250 300 0 50 100 150 200 250 300
number of p.e. number of p.e.
Risetime (ns) Width (ns)
5.00 16
4.80 —r A/
/ 14 .
4.60 e /
4.40 /v“ & 12
4.20 r r’\/
4.00 10
3.80 Z'
3.60 8
3.40 ?
6
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3.00 . . . . . 4 , , , , ,
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o

Efficiency [Relative Scale]
o

Gain (90°) ExciNaked

[ shielded

North F

IIIII||III||

2

* PMT 360° rotated along its vertical axes

* Three inclinations, with and without a shield:
N Vertical downwards, Horizontal,

30 60 90 120 150 180 210 240 270 300 330 360 50° vertical downwards

Rotation angle [Degree]

Illlllllllllllll

o

Detection Efficiency (50°)  DiNaked

[ shielded e .
W Max Variation % = max — min / max
5

: i PMT naked PMT shielded
— Detection Eff. 40 6
:: Gain 29 7
_ P/V ratio 41 14
: Charge Res 50 20
SEUNRYESTT VTN - A T A TTS 20 2

Rotation angle [Degree]
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Scanning of the R7081 photocathode surface f Nr/r?

Catania

= 324 points uniformly distributed on the photocathode

= 410 nm Laser Source pulsed in s.p.e. condition

= 5mm light spot diameter, normal to PMT surface

Detection efficiency,
. 110 T T T T T T T
L o 180r OH! m—— Horizontal axes : : : : : :

PMT nudo: risposta locale

20
40

60

detection efficiency [%] (relative scale

angoli verticali, teta (%)

: : i i i i i i
90 -75 -60 -45 -30 -15 0 15 30 45 60 75 Q0
Position angles [degree

160

20 40 60 80 100 120 140 160

angoli orizzontali, phi() Results complied with them from Dept. of Physics
Det. Eff. > 80 % for over the 60% of the photocathode area Chiba University on ICECUBE PMT

Det. Eff >90 % for over the 40% of the photocathode area
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@ PMT aging

Aging (continuosly)
 LED ON (about 3pe @ 1 MHz)

Measurements of PMT parameters ( once a week)
* LED OFF

e Pulsed Laser at s.p.e. condition
* s.p.e.charge spectrum

* s.p.e. Transit Time spectrum

* Spurious pulses
Measurements time : from 28/5/2008 to 8/10/2011 = 3 years of operating time

7

The measuring time is equivalent to an
6.5 | 1 operating time of about
v o
6...,...‘,." 45 years @ 1 pe @ 200 KHz
N . Apart the Gain, all the measured parameter
z 9 5 = 1 were stable
3]
OCu4s
s Gain: A first phase of Up-drift with a gain
increase of about 20 % followed by a final
35 . . .
phase of down-drift with an gain decrease of
3

500 17000 1500 c000 about the 40% from max value
Anode charge [C]

o
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a Silgel optical properties measurements "SFN
ut/ama

Waker SilGel 612 two components (A e B) (silicone gel)
4 different mixtures have been tested: 40B/100A, 50B/100A, 60B/100A, 70B/100A
Results are different from ANTARES and finally have been confirmed by NIKHEF

e 40B/ | 50B/ | 60B/ 70B/ S e —
" composizions S0B/100A
100A 100A 100A 100A ¢ o hoattions G000
+ composizone T0BM00A
. 0.5 -
Transmittance 85% 93.8% 94.3% 94.7% e
at 400 nm £ -
o
?_J 0.4
TRASMITTANZA TOTALE 5
100 ~ T T - T - w D3k LT -
| —— Composizione 408 100A | § 02 g rd
— Compoesizione 508 100A =]

- Compesizione 508 100A
= Compesizione 708 100A |

i 1 I i
350 400 450 S00 550 600 650 700

INTENSITA DEL FASCIO TRASMESSO IN % RISPETTO AL FASCIC INCIDENTE
&

T mixture 40B/ 508/ 60B/ 70B/

SilGel 100A | 100A | 100A | 100A

“l absorption

ma 300 150 400 250 500 550 00 850 700 Iength 12 cm 30 cm 33 cm 35 cm
LUNGHEZZA D'ONDA (nm) at 400 nm

N 13211/13 Roma emanuele.leonora@ct.infn.it 14



a The selected silgel mixture

T o I3 LT3 1R

* Composizicne 40B 100A
+  Composizione 508 1004
1.65 Composizione 60B 1004
c  Composizicne 70B 100A

16F - e
i@ |
5
< .
% LOAD l
®) mixture
S SilGel 40B/ 50B/ 60B/ 70B/
100A 100A 100A 100A
sbo aocl:/e
tkg/cm 2] 0.5 1.2 0.6 0.7
1'gso 300 350 460 450 560 5s|~o 600 650 700 ConSidering Optical teStS
LUNGHEZZA D'ONDA {nm) .
and mechanical tests =
mixture
- 40B/ 50B/ 60B/ 70B/ )
SilGel .
100A 100A 100A 100A The chosen mixture was :
Refraction index
52 460 m 143 | 150 | 147 | 1.38 S0B/100A

Good matching with the glass sphere
(n=1,48 at 350+450 nm) (ANTARES OM e KM3 DOM :
for ratios 50B/100A and 60B/100A 1B/15A ~66B /100 A
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a OM angular acceptance ,NF/,?

th/ania
A Simulation of angular acceptance for ANTARES O.M. 17 in. sphere was done as
function of two different gel composition
(Geant4 : Taiuti, Heide, Yakovenko : Genoa group)
OM angular acceptance
1 T
— ﬂ’_}wxw
" /4~ ANTARES gel r.i. = 1.404 NEMO gel choice
10" = g/ NEMO gel r.i. = 1.500 presents a greater
E - ;*"T Glassr.i.=1.48 angular acceptance
zm : ":/
2 I new gel and glass
10 — B old gel and glass
- e data
~ B new gel
B s New glass
I | | | | | | | | | l | | I
-1 -0.5 0 0.5 1
cos(6)
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e

Effects of the glass vessel on the PMT noise signals INEN
( Catania
-m Vitrovex 17” Vitrovex 13” Incr. = Rateg),ss - Ratep,eq
THR DC rate DC rate Incr. DC rate Incr. ]
[pe] [Hz] [Hz] [Hz] [Hz] [Hz] °* theexternalglassincreases the rate of
13 660 3432 2772 3200 2540 dark pulses at different amplitudes
* The increment of the DC rate depends
2 52 333 281 222 170 on the area of the photocathode
4 16 111 95 96 80

charge ditribution of dark pulses

107 ............. e — PMT naked

----- —benthos glass

—vitrovex glass

events
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