


Large Volume Neutrino Telescopes

Cherenkov light from the charged products

of neutrino interactions in sea-water are
detected by a sparse array of photo-multiplier
tubes

Two general event types:

Tracks - Charged current (CC) v, and v,
interactions

Showers - Neutral current v interaction ll Sea-bed: ~3.5 km deep
- U, CC electromagnetic shower
- Vertex of CC interaction
- T decay shower




ARCA & ORCA

High Energy Neutrino Astronomy:
ARCA: Astroparticle Research with Cosmics in the Abyss

Large Detector: ~1 km?3 total

Sparsely instrumented: 36 m vertical spacing, 95 m horizontal
TeV-PeV Energies

Astrophysical Neutrinos

115 115

Detection
Units

Detection
Units

Same technology & layout, dimensions scaled I
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KM3NeT Design 400}

: 200
18 optical modules per vertical string

~36m or 9m between optical modules

Lowest optical module ~100m or 40m above seabe
Two Dyneema® ropes

Backbone: 2 copper conductors; 18 fibres (+spares
Break out of cable at each optical module [
Base module with DWDM at anchor -400
Cable for connection to seafloor network !
Cost saving design 600

y (m)

-200/

115 strings - d_ = 90m

Detector building blocks of 115 detection units
Sea-bed infrastructure

(facility for long term high-bandwidth connection for
sea-science, biology etc.)

Optical data transmission

All-data-to-shore

Filtering/Trigger on-shore in computer farm
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Multi-PMT Concept

Segmented photocathode : 31 3” PMTsin a 17” sphere
(equivalent to 3 10” PMTs)

+ All front-end and digitization electronics, slow control sensors
and supporting mechanics

WENE
Digital Optical Module
(DOM)




Main PMT Specifications:

» Timing

» QE@ 404 nm

» QE@470 nm

» Collection efficiency
» Dark Count (0.3 p.e.)
» Price/cm?2

<2ns (RMS)
>23%
>18%
>90%

< 2 kHz
<10” PMT




PMT Bases




Reflector rings

Reflector rings around PMTs increase light yield with 20-40 %
and improve directionality
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DAQ/Electronics

Led flasher

Central Logic Board (CLB)
FPGA :
 DAQ pipeline
* Nanosecond timestamping
e Ethernet packet generation
* White-Rabbit timing

Laser transceiver
Each DOM has a defined

: o outggmg waveler)gth e Slow control CPU (LM32)
Acoustic sensor Multiplexed outside DOM
e Under-water reprogrammable

(Piezo, digitization in device) Incoming is a broadcast 10



IP/UDP (ethernet) packet creation

Multiple streams
High-Speed TDCs

DAQ/E | ect I’O n |CS F PGA (PMTs, acoustic, monitoring) VDS inputs from PMTs

Hit time and ToT. 800ps/v 12

resolution
B 31 TDCs
Start Time Slice UTC & IP/UDP Packet Buffer Z ‘
White Rabbit PTP core Offset counter since Stream Select/or (IPMUX) g Fifo ToCO | -
@ =
. . . ‘S| RxPacket |m g =
E Z
for time synchronization and e o 1 M ] Bl e ok ™ ¢ = [9
VR PTP Core =3 B 64KB o Fifo m
E h . I fb [ oS " enoom e T 2LE 2z 3 30
thernet over optical fibres. s = ms 4 ———F— | macior | NS P E o
f - 2 Flags _Rxm‘_ g—
1Wire S+ = \ \ iC vianagement
& I ‘ 8 i & Control 5
1 -‘,‘?’i} Vi g 1
MnisshE pme »-gu'us >t g Pause Frame ”:‘ncaosfr;m =] = I ¢ ADC 6
= o[, WB Crossbar L™+ 3 MinkNIC = % Fifo ; 5
yaCon se——viy, 0 I ; s
23 Py =
1 { sonpuL s/ 1 u| TxPacket E E/ TxPort 1 I Management T E. .
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st 2 B A= T Multiboot (fail-safe
Lattice Me— 7 K\ =] Flags = TxPort_m I’s’ e Sy
L Micro 32 M «- ‘,. i \ C‘ 2 Management .
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| S —— = I “3;”:“"._”,__7 Debug
S B ] 6POo Pl LEDs
|"'sz 7;‘"" o 2nd CPU e - = Vs
2 52 M1 . 2
Xilinx MEM sl<— __mg:»-‘—;f‘ Pk SPI 12C2
Kintex-7 S T
== Data UTC time & Clock (PPS, 125 MHz)
== Control Point to Point interconnection SPI Debug Temp Tilt & Nano
== Wishbone bus Flash || RS232 Compass ||Beacon

LM32 CPU 12C communication

Control from shore UART HV and thr.esholds
Compass/tiltmeter

(Slow control, DAQ pipeline, White Rabbit, other sensors) Serial terminal
Led Flasher

Implements software state machine Tunneled over ethernet 11
Temperature/Humidity



DAQ — Datastream from DOM

8

Continuous datastream from PMTs is converted
into “hits” : t0, ToT and PMT ID — 6 bytes

D

All hits for a specific duration (100 ms) are collected in
“frames’

D

12



"Penetrator’ (KM3NeT design) .

Se | ecte d * Feedthrough for power and optical fibre 7

e Holds of 400 bar =

Mechanics

Cooling structure
(mechanical support
and passive cooling)

Titanium coltar—
to mount on ropes

3D printed support structure (SLS)

* Defines PMT, piezo, led, ... positions Glass sphere (comes in 2 halves)

« Barrier for optical gel withstands up to 670 bar -



DOM integration

With 1.5 FTE :

1 DOM takes 3 days ....

... but 5 take a week
(waiting for glue, gel etc.)

KM3INeTY

KM3NeT Phase-1
Infrastructure (June 2018)

3 Installation sites
@ 2 PMT preparation sites

Amsterdam @ KMINeT-HO

)
@ 7 DOM integration site
®

1 DOM integration site in
preparation
Erlangen ® ) 3 base module preparation sites

3 DU integration sites
Strasbourg @ .
g 3 DU test and preparation sites

Nantes @ 3 for the deployment

Gen:va Bologna 4 DU test and calibration

Marseille
® KM3NeT-Fr

Naples ® @
@
@ Athens
Catania @© " ® 1 \or.Gr
" KM3NeT-It

Integration, functional test, integration,
acceptance test.

All components have their own
identification (QR code) with
associated database entry

(e.g. PMT calibration)

QA/QC system tracks components
Integrated in DOMs.




£ Break-out-box (BOB) : '
- Oilfilled s

: - Two sections °
' DU Overview  EOC e .
f* - DOM side @
i Dyneema ropes provide - One fibre split off E
& mechanical support - Copper i
| - - DC/DC converter (380 V to 12 V) :
| - At ambient pressure!! 9 mI !
y

/I o DOMs are buoyant b,
¥ 37 m e ]
‘ i

f y

; VEOC °
/ (vertical electrical optical cable) e
4 - 7 mm PE tube e
? - 24 fibres ®
: - 2 copper 2
g - BOB at every DOM A -

¢ - “pressure balanced” —H

- Closed system

- guided along ropes ey

&

ARCA (Thanks to E. Berbee)



Contents of base container

\» -

DU Base and Container

Base container

- Titanium cylinder

- Power distribution and protection (slow control)
- Multiplexing of DOM signals onto one fibre

- CLB (as in DOMs) with white-rabbit (ns timing)

Rope attachment
Storage of interlink cable ’

iii

Acoustic receiver and transmitter

B

=i AN
- W)' 3° Wet-mateable connector with guiding Optical schematics of
~ P 97 . system base-container
Weight and sacrificial anodes
Deployment mechanics "

(ORCA Base shown)



DU Integration

Steps of DU integration

Attaching DOMs to VEOC
Splicing of optical fibres and connection
of copper
Closing of BOBs on DOM side
Leak tests (pressurized air)
QOil Filling
Attaching ‘ base penetrator’ to bottom BOB
Leak tests (pressurized air and oil)
Integration of base-container
Installation of electronics and optical components
Install feedthroughs/connectors in flange
Base container/VEOC connection
LOM (deployment mechanics) loading
Attaching ropes and guidance mechanics
Insert DOM into LOM
Attaching buoy
Preparation of base




DU in LOM on sea-bottom : In.spection
- A ROV will pull the lever to | with ROV
release

DU installed on Launcher Unfurling of DU

https://www.youtube.com/watch?v=omIFkdCkbYk 18



Deployments

e 4 DUs deployed

* 3 ARCA type Up to 5 ORCA deployments foreseen

* 2 in one operation after cable repair this fall (2018).

* 2015, 2016

* 1 ORCA type
e 2017 Operations foreseen at ARCA site

i DUs in Q4 201
* Not counting test deployments to connect 2 DUs in Q4 2018

e 2 DUs recovered
e 1 ARCA to investigate failure
* 1 ORCA to facilitate undersea cable deployment



Rate [Hz]

K40 time calibration

Time difference distribution between two PMTs in a DOM

KM3NeT First DU Preliminary
DOM 2, PMT pair 401

Gaussian fit
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Time offset between the two PMTs
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All PMT pairs

KM3NeT First DU Preliminary

DOM 2 .
SRS
=R
= 043
0.24

s L5

Ve
7

Information from k40 decay :
- time offset

- efficiency

- time spread



Exclusive m-fold coincidence rate [Hz]

Muon depth dependence

KM3NeT/ARCA preliminary
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In-situ time calibration

Cherenkov photo

Photons from k40 decay
cause coincident hits

Electron
emitted
e
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Understanding efficiencies
}5 i / E_u::e'r First DU Preimiary |-——|;

sl
4 =
13 [
12 |

Along detection i,

unit

[

Coincidences give insight into relative efficiencies
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g 10 ' ' ' ' ' ' 220000 e maNeT
® 10 KM3NeT DOM (at 2375 m depth) 318000 = PPM-DUDOM1 (72 m)
g 10¢ —+— Data - 40h 4min ° « PPM-DU DOM 2 (108 m)

10° et 16000/, PPM-DU DOM 3 (144 m)

10° B Combinatorial Background 14000 _- Muon MC .

10 - '
1 arXiv:1405.0839 12000 —
(submitted to EPJ-C) —

10" 10000}

10? 8000

10° -

bt 6000

10° 4000~

5] 10 15 20 25 30 2000
coincidence level: #PMTs hit within a 20 ns window Coincidence Level 0
PN NN/ NN /N NN/
PMT orientation
Photon counting Directional sensitivity
(muons cause higher multiplicity coincidences) (photons from muons come from above)

(data in these plots is from prototypes PPM-DOM (Eur. Phys. J. C (2014) 74:3056) and PPM-DU (Eur.Phys.J. C76 (2016) ne:2, 54)



#hits/pulse

Inter-DOM calibration

Calibration between DOMs: KM3NeT preliminary
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Reconstructed event
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(Data from ARCA-DU1)
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