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Overview: Baseline Designs
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Overview: Alternative Design Studies

PMT & Electronics

______ adiabatic
light guide

_______ wavelength shifter
coated glass tube

<€— pressure housing

&

41 x 3 inch PMT 2 x 8 inch HQE PMT wavelength-shifting &
light-guiding to

based on 2 small diameter PMTs

KM3NeT mDOM

ECAP/U. Erlangen Chiba University U. Bonn / U. Mainz

presented by A. Kappes presented by R. Gaior presented by S. Béser
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Baseline Designs



GVD Section

Optical lineT T 100BASE-TX

OM electronics: HV converter,
amplifier, controller, LEDs

12-ch ADC

Tl .I'.l".’.
mputs

| Nbl&

Design is basically
finalised.

Analog output

Mu-metal grid

Analog output

2 readout modes for section:
- briggered mode (local coincidences)
Py - all data to shore via optical line
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GVD OM: Performance in Water

Results from April 2012 up to September 2014
(without stress tests of electronics during prototyping phase )

Prototype arrays: 2012: 36 OM, 2013: 72 OM{, 2014 120 7
A summarized time of the OMs operation is ~170 years

3 OM failures during this period:

- 1 OM: HYV control system out of operation (2013).

- 2 OM: not reliable connection via RS485 bus (2014).

The OM electronics failure rate ~2% / year

Repairing possibility: 8% / year for 100 strings installation (GVD Phase 1).
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GVD OM: Atmospheric Muons
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IceCube Generation2 (Gen2) DOM

Rationale: Keep as close as possible to IceCube design

Penetrator
PMT Base
HV Supply

LED Flashers
Main Board At

Delay Board —_—

Waist Band
Pressure Sphere N ——

= Mu-metal cage
— Silicone Gel

PMT Photocathode
lceCube — Gen2
DOM Component identical DO M

Component eliminated
P. Sandstrom et al., VLWWT 2013 Component redesigned

Optical Sensors | 21 September 2014 | Page 8

&

iceCuet



Gen2 DOM: Block Diagram

+5V ‘

| Comms PSU To
: Serial DAC ADC/DAC . Surface
| HV Ctrl '
| Cal Pulser
Hit Packaging
A . Pulse &Compression
i shaping
. & offset -
PMT i &p055|bl}/
Base ! compression
PCB |
R7081 § N L TBD
High QE PMT i ANE 3 OB Elasher Threshold
. Comparator Register
Main Board P. Sandstrom
°
°

More CPU power in DOM available:
e.q. waveform unfolding in DOM
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Gen2 DOM: Communications

* |ceCube; custom amplitude shift
key protocol

— half duplex
— 0.5 Mbps / DOM

— 2 DOMs / twisted pair

i TR — time synchronization separate,
"~ gl requires commes silence

comms prototyping setup

W

e Gen2 DOM: |6-QAM

— full duplex

K. Hanson, E. Pinat Université Libre de Bruxelles 0.25 MbPS down + [.0 MbPS up /
DOM

— 4 DOMs / twisted pair

— time synchronization integrated
with phase recovery
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KM3NeT Multi-PMT DOM: Rationale

> Segmented photocathode to allow photon-counting

> Comparing 31 3 inch PMTs to a single 10 inch:

= (31 x1mm1.5%) /(T *x5%)=2.38

for 3 inch PMTs

= The price per area of photocathode is (somewhat) lower

Aﬂff at 400nm (Emz)
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KM3NeT Multi-PMT DOM: In-situ Measurements

1st prototype

Working i water since 17 months

Rate [HZz]

arXi

April-2013 KM3NeT@Antares
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KM3NeT Multi-PMT DOM: In-situ Measurements
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arXiv:1405.0839 [astro-ph.IM]

— time calibration in lab, and with °K decays
— very rich analysis on single DOM
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KM3NeT Multi-PMT DOM: Test Line

Bouyance unit

PMT producer: Hamamatsu
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Alternative Design Studies



Multi-PMT DOM for IceCube

Rationale: Make advantages of multi-PMT DOM available to IceCube

PMTs
bases

connectors

adaptation/
new development

pressure vessel
PMT holder
reflectors

electronics
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Multi-PMT DOM for Ic

Rakionale: Malee o\civomf available ko IceCube

’

PMTs
bases

connectors

, =
adaptation/
new development

pressure vessel

PMT holder y ~
1 _ D N N, ™
reflectors b ca. 13" - 15"
electronics ./ Nesa
.~ during ref]
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Multi-PMT DOM for IceCube: Geant 4 Simulation

W|thout reflectors

m

with reflectors ,
e gg___|_ _______________________________ L I
180 270 0 a0 180

o — h ) N 0 o), ~J
o o o o o o o
o o o o o o o

effective area [cm~]
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Ellipsoidal DOM

: Concept two 8’ PMT back to back in aelllptlcal glass |

customlzed glass shape/curvature
Maximal Diameter ,— + designed best match curvature to
, our PMT
less thickness top/bottom part
(9mm-10mm where PMT
acceptance) for better light
transmittance

M1
M0 1 1

Slightly enhanced diameter

< and glass thickness in the
middle for a mechanical
strength

Good strength to compressive stress
Good buckling strength

- 2 PMTs back to back: up/down symmetry for veto, reconstruction
- 2 PMTs instead of |: better saturation response
- Ellipsoidal glass shape: customed for PMT curvature and smaller diameter
- Simple design: close to lceCube design
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Ellipsoidal DOM: Improvements wrt. IceCube DOM

new Glass (with/without coating

lceCube Glass

oooooo

Point B

Transmittance (%)

) 3 ‘7 T 20.00% 3 ) ; | d
A T S o i b
| - 10.00% - :
l ! i - - < = F »
- —+—f—1—1 2 o : —
| |1 2 250 3 360 400 450 0 550 600 650 7 7 P |
[ vele . - 3
= I ‘ L= - d
T ) H
@ 300 350 400 450 500 550 600 650 700

Wavelength (nm)

Large improvement down to 250 nm

(Cherenkov spectrum = |/A?)

Additional coating improves another 2-4%
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Ellipsoidal DOM: Improvements wrt. IceCube DOM

lceCube Glass

oooooo

Transmittance (%)

000000

Wavelength (nm)

Large im
8¢ New gel: Shinsetsu Silicone
(Cher Easy to treat and shape
Additional ¢ : :
Transmittance improved at all A

Larger improvement at small A (< 300nm)

— still needs test at low temp
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Ellipsoidal DOM: Lab Tests of PMT and Glass Housing

All credits Hans Niederhausen (Stony Brooks Uni.)
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PMT QE improvement confirmed at low A
~6% reduction for coated glass
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Wavelength-Shifting Optical Module — WOM: Rationale

Basic concept
mWavelength shifters (WLS)

m concentrate light

PMT & Electronics

_______ adiabatic
y light guide
* WLS paint

Features

_______ wavelength shifter
coated glass tube

mlarge collection area quartz

glass ..

m|ow noise rate (few Hz)

<€— pressure housing

mpetter UV sensitivity

mcost effective
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WOM: Wavelength-Shifting Coating

Best paint
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WOM: Wavelength-Shifting Coating

Theoretical efficiency » 60%
/ Losses under study

Best paint
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WOM: Wavelength-Shifti

Photodiode

Best paint
mBis-MSB
PMMA
mAnisole

Performance

m|arge gain
in UV region

memission slightly
more green

Efficiency _ ommema

tical efficiency > 60%
under study

! !

F Comemrcial
- Bis-MSB

)

......................................................................................

20 340 360 380 400 420 440
Wavelength [nm]
cludes absorption, re-emission,

widing to Fko&osamsor

Optical Sensors | 21 September 2014 | Page 22



WOM: Future Improvements

Semi-spherical surface grid
(lenticular arrays)

B Mmaximizes acceptance
mgain 379% w.r.t. flat

efficiency

efficiency

epted photons

Ac

I I
-0.5 _ 0.5 1
cos(inc. angle)

I I
-0.5 0.5 1
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Conclusions

> Baseline optical module designs of all experiments

= GVD, KM3NeT: Prototypes operating successfully in-situ

= lceCube extension: close to IceCube DOM, changes in design phase

> Several ideas for alternative optical modules being developed

> There seems to be potential for synergetic activities between groups

= Modelling and simulation of optical sensors (Geant 4, ...)

= Laboratory setups / facilities for characterisation and calibration
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