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Motivation

o'ry for t!e detection of cosmic point-like neu

purpose: detect Cherenk
Charged-current rea

n+(A,Z) — (A Z+1)+1°
(A7) — (AZ-1+1F
Neutral-current reactions

v+ (A, Z) — (A Z) +V
T+ (A7) — (A2)+7

optical properties of the sea water of great ineterest for deep underwater detectors
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KM3NeT experiment

'KM3NeT — DOM: 31 PMTs each 3-inches

Event simulation and reconstruction methods:
o particles producing the light
o PMT functional characteristics

o optical photon processes in the sea water

Optical processes in the sea water:
o Absorption

o Scattering: Rayleigh scattering from sea water molecules
Mie scattering from macroscopic particles in sea water
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Scattering Model

Use combination of Rayleigh and Mie scattering

cattering angle distr.

Rawvleigh

dP A o
o (0801 p. . y,) seatterine
_ i . : . Mi1e Scattering,
- P X g(”ﬂu-," , COS 6'5 ) + (l - }}) X f(ﬁ_um , COS 63 ) small particle
p: Rayleigh contribution Mic Scattering.,
Os: scattering angle large particle

(1+a,, , cos”6.)
o(ag, ., ;-cos ) = —

Rayleigh phase function

(- g )= 1 (1_014:1’)
Mie phase function @y, 08 " 4n

- 2
(1+a vie —2 053, COSO, )
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Site selection 15/20

Site Selection

---Close to the coast

--- depth of 4500 m

---Good optical properties in water fi } e

---Low level of bioluminescence | wﬂig :

---Low rate of sedimentation ,',g;”_r

. . ‘ﬂ\!\ SN = e
---Low velocity bottom current A \:‘ S
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Experimental set up

I :
5 m girder

AN LAV A WAV AW A

1 Field stop '
.

Light detector Light source
OM OM

« Each OM will be attached in is own 5 m long metal girder

* The experimental setup will be deployed tree times inside the deep sea water, each
time with different distance between the OMs. (10, 15, 20 m respectively)

* A metal disk attached at the other end of the Light Sources OM girder will be used
as a field stop, to prevent blinding of the detectors from direct (un-scattered) light.
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Light Source

The pulse time distribu
450 nm diode laser as measu

Pulse width ~ 10 ns : Diode Laser Pulse

jode laser 05, n

*Pulse energy ~ 2 pJ |

*Repetition rate ~ 1 MHz

Detectors OM X Sources OM

-~ A

20° =y
centres of OMs at z=0
Flig

10 Three pairs of diode

Lasers at wavelengths

Three PMTs with FoV directions in the xy 405, 450 and 520 nm,
plane at angles: -20°, 40°, 120 ° with respect stacked around the centre
toy. of the OM.
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Detector

AMATSU HI| 0682

ultr

1a kall

* QE=30%
 Pulse-pair resolution: 20 ns

 Effective area: @8 mm

 Dark Count: 50 Hz

KONSTANTIA BALASI

COUNT SENSITIVITY (s-1-pW-1)

10 TPMOBD215EB

H10682-210

200 300 400 500 600 700 BOO a0
WAVELENGTH (nm)
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Positions of the 4 PMTs
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Simulation

aim

Sm

10 m pa :
v
Light
!ir'rl.T;ii'[‘ Detecton
O OIS
€ . v
L 3

« Simulation Parameters to be estimated from the experimental data
absorption length (L)
scattering length (L))
Rayleigh contribution (p)
Average Mie angle cosine (a,, )

« 10% photon events generated (time and angle distributions according to the laser specifications)

« OUTPUT: detected photon scattering positions, time of flights.

« Event by event scattering angles and arrival times are calculated from output. 18 arrival time
distributions are derived.
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Number of Detected Photons

10

107 B

Results

Arrival Time Distributions at Laser emission angle 30 deg

—— O distance: 10 m, PMT angla: 120 dag

Lagser Pulse (Scaled)

O distance: 10 m, PMT angla: 40 deg
O distance: 20 m, PMT angla: 40 deg

"l

200 300

OM distance (m) 10
OM angle (deg) 30
PMT angle (deg) 120

. L4 T

800 60D

400
Time (ns)
10 20
30 30
40 40
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Test of the FPGA/electronics system

i
[lﬁq 11 l'l

Wi
LA

General set up that was used for performing our tests at the Dumand Lab in Pylos
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Delay of underwater connection cable under pressure

- TP T -
delay (ns)

a0 high V1,82 Vilow WV B70 my

[ Entries 200
Mean 3.143
RMS 0.01437

2

t"w' Rk AT LA LAk LA AR LAl
T\

31 342 314 3.16 318 3.2

Figure 12 The delay (in ns) of the signal, as measured at pressure 400 bar, fitted to a
Gaussian function.

pressure (bar) delay (ns)
50 293
100 301
150 305
200 308
250 308
300 310
350 315
400 314

Table 1 Time delay, as the signal passing through the underwater cable at different
pressure conditions.
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Test of electronics 13/20

Voltage drop under pressure
-' "- p -"

q 'I'ELEEI"I'NE LECROY
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Maasure Fimaxlt1) F2min{1) Fimanl4) PhminiCdy  FloobimlL4) Mg --
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Figure 11 QOriginal signal of 3,84 V that fed the oscilloscope directly (yellow colour) and the Figue 2 Masimumvotageo e nput (o oolur)ard cutpu e colr) sl ach
pressure value under fest.

signal the came out from the underwater cable (green colour) at 400 bar.
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Laser 405 am (low angle)

\
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1)study gthe degign of an expg@rimgntal set up for in
situ meapurement of the s c:iwiziigle) ozlgzligl=tislis

in deep Bea

“'& 2)deplqoyed with success

— 3)professing data
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