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The NESTOR
Neutrino Telescope
Site




Site characteristics

e a broad plateau: 8x9 km?in area, 7.5 nautical
miles from shore

e depth: ~4000m

e transmission length: 55 + 10m at ?=460 nm

e underwater currents: <10 cm/sec
measured over the last 10 years

Mo

cm/s
[ Lo b it

° Optica| background: ~50 kHz/OM due to K40 decay’ Ve ¢ 1218 20 30 35 42 8 S 60 6 7

time, hours

bioluminescence activity
(1% of the experiment live time)

e sedimentology tests: flat clay surface on sea floor
good anchoring ground.




32 m diameter

OO0 buoys
optical 30 m between floors
Module \8 3 Titanium floor
Titanium
Sphere
calibration module
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- - 144 PMTs
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Energy threshold \ i 32.5m D
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Probability that a neutrino will reach the Detector

after transversing the Earth

10

10

10

10

Detector looking downwar ds £50° around Nadir

T JI|||||

I IIJI\\|

Neutrino attenuation
calculated according to
R.Gandhi, C.Quigg et.al.,
Astropart.Phys. 5 (1996) 81-110,
Phys.Rev. D58 (1998) no 9 pp 93009

1 1 IIIIII| 1 IIIIIII| 1 1 IIIIII|

10 10°

10°

E, (TeV)

10
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The optical module for the NESTOR neutrino telescope
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Abstraet

'NESTOR is a deepsea water Cherenkov neutrino detector now under construction for deployment in the

Mediterranean off Greece. lts key component is an optical module employing  photomultiplier tube with a 15in.

i ‘housing. Extensive tests have been made on the sensitivity,

wniformity, time resolution, noise rates and mechanical properties of the module: several test deployments have been
made gt sea. © 2002 Elsevier Science B.V. All rights reserved.

Keywords: Neurino telescope: Cherenkov detector. Optical sensor
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The Detector

® Hamamatsu PMT R2018-03 (157)

e Benthos spheres
* p-metal cage

e power supply 9
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Ti-Sphere Electronics
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L

40 \
Game:June 2000

| *. ElectroOptical cable to shore (18 fibers +1 conductor)

Deployed in June 2000 by the cableship MAERSK-FIGHTER
(ALCATEL- TELEDANMARK)

Cable was damaged during laying because of ship’s problems.
ALCATEL accepted responsibility and will repair the cable.

able landing has been completed and first three km have been
buried 2 m inside the bottom sand.

BPFAHELIMNCT MOASET - OPLBICEIARIG miL mn
OFMOE MED{ONHE
DRMDES METHONIS
Ll LT e E 1 AMEHDD

Methoni counting room is fully operational.
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Game:January 2002

<. . ElectroOptical cable to shore (18 fibers +1 conductor)
'gf_““_eable repaired in January 2002 by the cableship TENEO (TyCom)

Successful deployment of the anchor unit with

_ environmental sensors to 4000m
.+ A NESTOR floor deployment was postponed due to the bad
1 weather conditions

o 15t of January: The first environmental data transmitted
C oAl through the 35km ElectroOptical cable to the Methoni
counting room C

Geodynamic activity
transmitted in Real Time

21.02.2002




Typical Current meter Data
transmitted in Real Time from the NESTOR site (4000m depth)
through the 35km electrooptical cable

Hor. Speed (cm/s)

310 5 32,0 325 33,0 335 340 345
Time (days)

|_ru1wing awerage of 10

A0
450 -
400 -
350 4

£ 200 -

E

£ 250

=

£ 200
150 -
100 -
a0 -

D T T T T T T T
30,4 3 M8 a2 32,4 33 335 34 34,4
TIME (days)




Our January 2002 deployment
article, is published in this July
Issue of Sea Technology, plus,
our pyramid-Bottom Station
(LAERTIS) makes the cover
picture of this journal.
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2003

rrrrrr
- i

Successful deployment of one NESTOR star
with 12 Optical Modules to 4000m

using the

cableship RAYMOND CROZE (FranceTelecom)

29t of March: The first deep sea muon data

transmitted to shore
16



NESTOR Star Deployment (March 2003)
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Ti1-Sphere Electronics
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Floor Board

- PMT pulse sensing

- Majority logic event triggering

- Single & coincidencerate scaling
- Waveform capture & digitization
- Data formatting & transmission
- FPGA & PLD reprogramming

Input: 12PMT sgnals ~ / /. H e

NTHERBONETER AT
T
i
S,
R
E

:ﬂiﬂi_!ﬁét::.:«-.-'-

Delay lines

=) wils =
'  i— — — R
g ",
e —— —

—

e - m— . g
/S
\ 12 OUT OF 16 /
COMMECTORS

s
-
p |

3
Configuration parameters Trigger Logic & Communication
PLD FPGAS



| The LED Calibration System
»20m

>20m

%Shor'e Board

Frequency
Duration

e Gain monitoring _ |
Light amplitude

e Timing

 Free running Calibration Trigger

e Adjustable Trigger frequency

e Adjustable LED’s light output

20



PMT base

dc/dc converter

Potentiometer

Extensive Lab tests

On single p.e. conditions

=0 Jﬁh
B0 ST
Pressure = s / : FWHM=5.5n=
Detector Preparation A,
300
':I 38
Filter TTS at Engla . candilane
IR ===
Al disk 2 |
i . 3 10 |
Optlcal M odules
Hamamatsu PMT inside the BENTHOS sphere £ ;
g 3 '51:! 45 ) 5 IL'.!“_'I EII s ;Ib =

L.E.D.

=00 LED Calibration

400 AL

3040

100

a

200 400 600
Pulse Height (mV)

V \ Relativetiming

Reference <
TimeDifferencein PMTs Response

a0

440

300

200

100

-50 -25 0O 25  BD
Time (ns) 21




Number of P.E.s/ sr/Light Pulse

x 102
1600

1400

1200

1000

BOO

600

400

200

LED Angular Profile

Laboratory measurements

Estimated Angular Profile of the
LED emission in water

Parameterized Angular Profile of
the LED emission in air

PMT Geometrical Factor: 3.46 -:10*
++ Transmission Factor: 0.72

=40 =20 o 20 40

Angle  (Degrees) 2



ATWD Counts
— I
=) S
a (=]

[=]

Detector Preparation

Attenuation Correction

Fourier Transform-Comparison

L IR R L
8o 1oe 120
ATWD Sample Number

ED‘E

L)
(X
3

Amplitude

18}
G2
21

[ ]

=
th

Phase (rad)
|

amplifier

T B T Rt i L 2T SN

4] 20 44 EQ BO 100
Frequency (MHz)  freauency (WHz)

E --l-'-'m"“li

1 A T 1 | | ! .."n_

o P Fr) A an 1
Frequency (MH2)

Refer ence waveform

Electronic delay lines and \: 23
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DAQ Architecture

. |~ tothefloor board

Data Storage

2

Offline
fast analysis

—__J

‘[ M onitor }

24



BERKELEY ELECTRONIC

NEXTQP"

Configure Shore PC FPGAs

Thiz should be done only once
after power-up

5;#1:3!&7 Electronies PAG

Clear Meszages

Stop Acquisition

I

PMT CONTROL
PMTATHY [ FMTETHY |
PMTA2ZHY | PMTB.2HY |
PMTE3HY |
PMT B4 HY |
PMTASHY | PMTBSHY |
PMT & EHY | PMT B.5 HY

PMTATHY | PMTB7HY |
FMT ABHY | PMT BaHY |
PMTBSHY |
PMT B0 HY |
PMT A11HY| PMT B11HY |

PRT &3 HY

PHT &4 HY

PRT &9 HY

PT A10 HY

MO0007:
M 00008
M 00003:
M O0010:
MO0011:
M00012:
M00013:
M000714:
M00015:
MO001E:
MO0017:
M 0001 8:
M00019:
M 00020
MO0021:
Moo0zz2:
MO0023:

Setting PMT2 Threzhold of Floorboard B to 30mt,
Setting PMT 3 Threshold of Floorboard B to 30,
Setting PMT4 Threszhold of Floorboard B to 30mb,
Setting PMTS Threshold of Flaorboard B to 30m.
Setting PMTE Threzhold of Floorboard B to 30mt,
Setting PMTYT Threshold of Flaorboard B to 30n.
Setting PMTE Threzhold of Floorboard B to 30mt,
Setting PMTA Threzhold of Floorboard B to 30mt,

[va not forget to UPDATE! ~
Do not forget to UPDATE!
[ra not forget to UPDATE!
Do not forget to UPDATE!
Do not forget to UPDATE!
Do not forget ta UPDATE!
[ra not forget to UPDATE!
[ra not forget to UPDATE!

Setting PMT10 Threshold of Floorboard B to 30mi. Do not forget to UPDATE!
Setting PMT11 Threshold of Floorboard B to 30mt. Do not forget to UPDATE!
Setting PMT12 Threshald of Floorboard B to 30mt. Do not farget to UPDATE!
UPDATING Thresholds of PMTs 1-4 of Floorboard B

UPDATING Thresholds of PMTs 5-8 of Floorboard B

UPDATING Thresholds of PMTs 312 of Floorboard B

Success, Duplicate Handle succeeds
Creation of event successful
Successful The worker thread was suspended

CAUTION: You have to EMTER the desired PMT threshold(z)
and then UPDATE the coresponding group for the change(z)
to be activated on the floor board

Reszerved Options

UnLock |

| ] ACTION Walue: [mt]

EED

| ) Enter Threshold of FMT12
= Enter Threshald of PMT12

UPDATE Thresholds of PMTs 1-4
UPDATE Thresholds of PMT s 5-8

K

Set Thresholds |

UPDATE Thresholds of PMTs 312 -
DEFALLT ool E able

FPMT &1
PRMT &2

PMT &3
PMT &4

A Calib Pulse Amplit

CALIBRATION PULSE

E.Calib Pulse Amplit |

TRIGGER OPTIONS

A Maj. Log Scaler | B.Maj Log Scaler ‘

PMT 412 ij PMT B.12 HV|

FMT Enable |

A, Calibration Pulser

B.Calibration Pulser

E. Relay Switches

AMajority Prescaler | B Majority Prescaler

A CoincTime Window

B.CaincTime Windo'j

A Adiust Thresholds

B.Adjust Thresholds

FRT A5
FMT &6
PMT &7
FPMT &8
PHT A9
FMT 210
FMT &A11
PMT 212

READ OLD WALUES

N AR ]

Exit

<% 1] A<« <A

i

FHMT B1
FMT B2
FHMT B3
FMT B4
FMT BS
FHMT BB
FMT B7
FMT B&
FHMT B3
FMT B10
FMT B11
PMT B12

Cancel
1

Check

I

Cancel

TITITTITOC JUTCOVVCO

\ 2

Shore Board

- Downloadsthe FPGAs & PLD of the Floor Board

- Broadcasts the 40M hz clock
- Recelves Data from the Floor Board
- Transmits Data to the Run Control System
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Real Time Monitor

Environmental

e Thermometers

* Hygrometers
Compass
eI nclinometer/Acceler ometer

e Pressure meter

RERE o OnG

r #

> 150200 %

26



Real TimeMonitors




During deployment
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Data from a depth of 4000 m
Single PMT Rates

Trigger: =4fold Coincidence

Toomon T = —_— ] ey E R ™y i ]
A = — C I poa LEooon
A E Hapooa e - w C
nr?__JUDW - n?_' 3 ] - " L
= - C 40000 [
Hrooe0 [ [ L Emmu = ::E N
o E n_zm — = r = :
10000 - = r Ceonoon Qoanoon [
2 . 8 L 5 n g C
E 0 C I 11 1 I 1 1 1 I 1 1 1 I 1 1 1 I E ﬂ I 11 1 I 1 11 I 1 1 1 I 11 1 I -F] : I I I I I (5] : I I I I I
& B a 1“ 12 & B a 1u 12 E o 1 1 1 1 1 1 1 1 1 1 1 1 : a 1 1 1 1 1 1 1 1 1 1 1 1
o o & a 8 1 12 & a 8 1qQ 12
pincidanca Lavel oincidanca Lavel - . S
Coincidance Lavel Coincidence Lavel
- - — -
ks —— T 2 Wy ) F i
Ty Fan Zwmon ——& F '
mm — - g - o
=] o Oxooon - o F u r
(14 L izd E f0 — gAeeon —
L F i C E r
20000 — - -
Eznnou C E - Ezum - E L
= L Ciooon = [ E o2ooo0 -
a B g E ci0000 = r
Ly o by v by v v by sy ELl oo oo 1y 0 by eyl [+] r [ =] r
=E ] =E d o o o L
L) a a 1iq 12 L a a 10 12 = n_|||||||l|||||||||= a | I T T WO TN TN N Y T A NN M |
Coincidence Level Coincidence Lavel 4 8 a il e 4 8 a ik e
Coincidence Level Coincidence Level
oy r ™y
Qe il ) = — e ———]
= . Cenooe L He000 [~ ) i
&z L x o N Toooon |
Sa0ood  — L} L o - a C
o 8 o C <agoon | = C
2 ooon | Zau000 - o C (rAB000 -
C = - = C
S r = - L2000 — Oaneon -
= i IR RS PR R [ RS | I | IO £ C = C
qQ 1) =] - =] o
L . L= Lk & L e ik L > o ANEPE B AN EAEPE N I S o P EPRPE B B
Coincidence Level Concidence Level 4 & a 1@ 12 4 & a 10 12

Coincidence Level Coincidence Level




Rata (kHz) Rata (kHz)

Rotw iFz)

&

:

- 0
:
g
-
T
N
a
-
4
E
y
|
&
¥
-
&

Data from a depth of 4000 m

PMT Rates vs Time
Up- Looklng PMTs
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Rata (kHz) Rate (kHz)
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Data from a depth of 4000 m

PMT Rates vs Time

Down- Looklng PMTs
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Fraction of Events

Froction of Events

%

Fraction of Events

Data from a depth of 4000 m
Number of Collected P.E.s

Trigger: = 4fold Coincidence
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Data from a depth of 4000 m
Total Number of P.E.s Inside the Trigger Window
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Bioluminescence Occurs for the 1.1% = 0.1% of the Active Experimental Time
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Data from a depth of 4000 m
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Mean Number of P.E.= inside the Trigger Window

Data from a depth of 4000 m
Total Number of P.E.s Inside the Trigger Window

v @ During Bioluminescence Activity

+ O Bioluminescence Activity Excluded
1 I 1 1 1 | 1 1 1 I 1 1 [ | I 1 [ ] 1 I [ | 1 1 I 1 1 1 1 35

.3 Fi a | 1@ 11 12

Loincidence Level



Data Analysis Flow

SEA SURFACE

3800 m

dom,
e et
i, 5 W V7
= ars | Nterface
<:§3>‘
*(:%::) OPTICAL CABLE

Z—unm-=Hwmw>m

Softwar e M onitor
Histograms

Database
(gains, basdlines,attenuation etc)

Calibration Data
Analysis

v

Calibration Database
Quality Histograms

P

( muon track generation \
|

muon propagation & ? shower

generation
I

propagation

PMT response simulation
|

) .
Digitization a”

\ ATWD &Trigger smulation J

\

Cherenkov photon emission and >

—Z2Z> MO

background

e noise

W avefor m Reconstruction \

Hit Definition —_—

e

Data Quality
Histograms

DST Production

Track Reconstruction

MiniDST
Ntuples& Histograms

36




ATWD Counts

Yoltage {mY)

attenuation correction

I:)I IIII|IIII|IIII|

a0

100

150

200

250

300

350

1
400

Tirme {ns)

450

200 |
100
0 i L. | | PR P P
Q 20 40 B0 BO 100 124
ATWD Sample Mumber
300
E btase line subtraction
200
100
0 s  —
o} 50 100 130 230 250 300 330 400 450
Time {ns)
2500
000 Il
1
1500 -
> P —~ B00
S P >
< 1om R E
) I "L 500
o P &
= P b
=} -
= B i ° 400
r J 300
o b
200
—=n0 1 | L | - | L 1 L | L 1 1 L 1 L J‘DD
[+ 50 00 150 200 260 200 350 4K 4 SO0
. 0
Time (ns)

W aveform Reconstruction

a0 50 [
?O :_.. o ._._' - - E
E " e e 25 =
S s0 E 20 F
o E o
8 40 F 15
Q 3£ =
< 20 F c E
E 10 F - | |
- | i I D C 1 1 Il 1 Il 1 Il Il Il 1 Il Il 1
5 o¢o o 5|0 1['10 50 60 70 80
Sample
- RiseTimeEE/\;; 200
L i 1 .
" 9ns i i - Double pulse separ atiol
i I i 100
:I | L1 1 | | | ‘ L1 D

160 180 200

18 20 230 240 260

Time (ns)

- BeforetheF.F.T. and theattenuation corrections

— After the F.F.T. and the attenuation corrections 37



Event by Event Sampling Interval Variation
Data Quality (Constant Temperature)

Hit Definition , | Histograms

Waveform Reconstruction

180
DST Production / 160

140
120
100

py)
<
R
O
S

3.52 3.53 3.54 3.55 3.58

o]

40 MHz Clock Waveform Capture

01000 E

% 750 E Softwareto Hardware Trigger Time Difference
O 300 E-1-t-r -1 tF ittt (arbitrary time offset)

Q 250 I

<DE 0 NN TN I U I TN [N T T S N M M M ENNY MY N NN U 280 +

200 —

1850

100 —

50 —

o A T T I T A I A 11
120 191 182 1893 194 195

P 1
1986

PR AP ="t
187 198 188 200

Time (ns)



Data from a depth of 4000 m
PMT Pulse Height Distribution
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Data Collected with
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Data from a depth of 4000 m

Data Collected with
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Data from a depth of 4000 m
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Input to the Fitter
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Event 1785 - Run 81 —BFile 3
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Select pulses and then press "FIT" ‘homefleisosiprocess/automatic/rd1/r 81 3:Event 1785




Page 1 |Paue 2|

Humber of Selected Pulses : § Number of Used Pulses : & x%

Theta 123.10 +/- 20.69
Vi 1674 +/- 23 32

Event 1785 - Run 81 —BFile 3

Phi 288.40 +/- 36 62
Vy -46 28 +/-13 68

d3. 00
vz -25. 88

1.375 Qu#11.600 QL: 35910

+21.64 -1.50
+/-16.41

Correlatiion Matrix
W Wy Wz Theta Fhi
1.00 070 -0.07 -0.16 0,99
0.70 1.00 -0.76 -0 820 78
-0.07-0.761.00 0.99 -0 .19
-0.16 -0.820.99 1.00 -0.29
0.99 0.78 -0.19 -0.291.00

Show Detailsl




Event 1785 - Run 81 —BFile 3

dt=(-1.20,2.90)

| dg=(-1.10,2.00)
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ARM 3
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Prob=0.00000

q}'Betl Buttoml
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| | 3—' IFItResuItSJI ﬂl
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Event 1785 —-Run 81 —BFile 3




Event 2213 — Run 78 — BFile 70
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Select pulses and then press "FIT" ‘homefleisosiprocess/automatic/r78r 78 70 Event 2213




IR

Best Fit
ﬁ

t Racnltc

Page 1 |Paue 2|

Event 2213 — Run 78 — BFile 70

[Py

D W L P T ar

Correlatiion Mairix

Wi Wy Yz Theta Phi
Number of Selected Pulses : 7 Number of Used Pulses : 7 x% 2 287 Q%16 620 Q@L: 30,550 0.00 0.99 057 0.91 -1.00
X .99 Q.00 0,53 0.92 -1.00
Theta 92.53 +/-13 82 Phi 148 50 +/- 36,31 d7. 00 +16.47 -0.90 0BT D53 000 081 054
W -47.83 +/-10. 76 Vy 24 52 +/-20.43 vzl B4 +/- 6. 32 091 0,82 0.8 -0.04 -0.91
-1.00 -1.00 -0.54 -0.91 1.00 Show Detailsl
Canicat Track 2 comoation et
Number of Selected Pulses : 7 Mumber of Used Pulses : 7 x%: 3.014 Quzl6. 450 QL: 253.040 0.00 1.00 1.00 1.00 0.98
3 100 000 1.00 1.00 0097
Theta 25 .97 +/-218 40 Phi 212 60 +/-7T1. 31 dl10. 00 +184. 00 --3. 90 100 100 0.00 099 096
W -25.19 +/-111 .30 Wy -5.33 +/-91.18 vz 45 00 +/-31.91 100 1.00 0.99 0.90 097
0.98 0.97 0.96 0.97 1.00 Show Detansl
Candcat Track 3 comsation et
Number of Selected Pulses : 7 Number of Used Pulses : 7 x% 7 307 Q#1954 000QL: 77 210 0.00 -0.991.00 -0.290.03
Theta 98. 77 +/-11. 93 Phi 164,30 +/- 68,77 d43.50  +42 85 -10.84 g el e e
i ' i : : : ; 1.00 -0.99 0,00 -0,29 0,02
W -37.18 +/-30.45 Wy 3.83 +/-19. 49 vz 22 49 +/=E50. 92 -0. 289 0. 32 -0.29 -0 15 -0.79
0.02 -0.020.02 -0.791.00 Show Detailsl
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Event 2213 — Run 78 — BFile 70

File Fit Event Selection Help
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I 3—' IFItResultsJI ﬂl

Press "Fit results” to see the results of this fit
or "close” to return to pulse selection

‘homefleisos/processfautomatic/r78/r 78 70: Event 2213
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Run: 81 127 Event: 1/89
|nput to the Fitter
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Select pulses and then press "FIT" /homefleisos/processfautomatic/r81/r 81 127 : Event 1783




Run: 81 127 Event: 1/89

Best fit Fit Results

- ) A Fit Results

B oA airum

Pacge 1 |Paue 2|
Candate Track 1 Cormation Vot
Wi Wy Wz Theta Phi
Humber of Selected Pulses : 3 Number of Used Pulses : 7 x% 2.579 Qx2310 300 @ 1.00 0.38 -0.99 -0.33 -0.36
1 0D.38 1.00 -0.490.72 0.70
Theta 12.32 +/-26.40 Phi 58.47 +/- 144 EQ d22. 50 +30.40 -2, 89 000 -0 401 00 0.29 0 o4
V= 24 01 +/- 33 .52 Wy 15.07 +/-10.28 Wz 33 G +/-41.01 -0.330.72 0.22 1.00 0.9&
0.360.70 0.24 0.96 1.00 Show Detailsl
Canddate Track 2 Coraation bt
Humber of Selected Pulses : & Number of Used Pulses : 7 x2 2.402 Qx%173. 500 : 49 160 1.00 -0.72 -0.950.56 -0.58
y -0.721.00 0.50 -0.830.98
Theta 91. 86 +/-9.99 Phi 11.22 +/- 28 E5 dl17.50 +24 97 -5 32 _0.05 0. SO 100 -0.980 33
V= 43,21 +/-21. 44 Wy 14 .33 +/-15.05 vz12 82 +/-108. T8 0.5 -0.83-0.281.00 -0.81
-0.580.98 0.33 -0.811.00
Cancidete Tracks Comsation Matr
Humber of Selected Pulses : & Number of Used Pulses : 7 x% 6,313 Qx2892 100 @L: 47.910 1.00 -0.850.83 -0.03 -0.80
y -0.e51.00 -0.21 -0.220.97
Theta 283.93 +/-6. 24 Phi 24 .69 +/- 25 34 dld. 00 +9.583  -6.04 0 &% -091100 019 -0 40
W 4428 +/-10.76 Wy 21.04 +/-13.04 vz -5.7T8H +/-10. 82 -0.03 -0.220.19 1.00 -0.16
-0.80 0.97 -0.40 -0.161.00 Show Detansl
Candidate Treck 4 comrattion b
Humber of Selected Pulses : & Number of Used Pulses : 7 x% 6. 343 Qx26c6. 500 QL : 48.540 1.00 -0.320.89 -0.88-0.75
Theta 161.30 +/- 23 58 Phi 341 80 +/- E5&6. 43 d 12 00 + 2% 66 - 1.29 L D E i
5 : : L ; : ; ' 0.89 0.08 1.00 -0.59-0.51
W 24.06 +/- 12.71 Wy 397 +/- 13 39 Wz 41 27 +/- 14 25 -0.880.73 -0.591.00 0.93
-0.750.79 -0.510.93 1.00 Show Detansl




Run: 81 127 Event: 1/89

Pictorial Representation




a0

L

S0

20

10

Tirne Pull Distributian {Data)

Data
$=0.94+0.2

|IIII|IIII|IIII|IIII|I 1l

. —1 0 1 ) 3
Time Residual Mermalized

Time Ra=ziduol Dietribution

3.1

J.08

2.06

Q.04

Q.02

4]
-1 -f.5 -5 4.5

—— M.C. Prediction (atmospheric muons)

e Data Points

5 7.5 10
Time Residual {na}



Total number of p.e.sper Track

— M.C. Prediction (atmospheric muons)

® DataPoints

0.08 I
0.0% :
0.4 :
0.03 I

0.02

0.

Total Charge

Charge {p.e.5)



Zenith Angular Distribution
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