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Overview: Baseline Designs
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10 inch HQE PMT 
in 17 inch sphere 
!
presented by V. Aynutdinov

10 inch HQE PMT 
in 13 inch sphere 
!
presented by J. Kelley

31 × 3 inch PMT 
in 17 inch sphere 
!
presented by A. Heijboer

  

maybe does not look like a factor 2.8

All presentations:  
https://events.icecube.wisc.edu/sessionDisplay.py?
sessionId=18&confId=56#20140921

https://events.icecube.wisc.edu/sessionDisplay.py?sessionId=18&confId=56#20140921
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Overview: Alternative Design Studies
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Basic concept 

■Wavelength shifters (WLS) 

■ concentrate light  

!

Features 

■large collection area 

■low noise rate (few Hz) 

■better UV sensitivity 

■cost effective

2

WOM idea

WOM Update  — 

small PMT
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light guide
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coated glass tube
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Angular acceptance simulation 

glass 
IceCube Fall 2014 - L.Classen R.Frytz M.Ivren A.Kappes - Multi-PMT optical module for deep ice detectors in Antarctica 

reflector 
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The Base Design 

620m
m

 

Maximal Diameter 
Φ284mm 

Two  8’  Hamamatsu  R5912  High-QE PMTs 
• up/down symmetry: good for veto, reco etc 
• two PMTs insead of one: Better saturation response 
• ellipsoidal shape: less diameter of the hole 
• simple design: still easily integrate what we learn from IceCube DOM 

customized glass shape/curvature 
• designed best match curvature to 

our PMT 
• less thickness top/bottom part 

(9mm-10mm where PMT 
acceptance) for better light 
transmittance 
 

Slightly enhanced diameter 
and glass thickness in the 
middle for a mechanical 
strength 

• Good strength to compressive stress 
• Good buckling strength 
 

41 × 3 inch PMT 
 
based on 
KM3NeT mDOM 
!
ECAP/U. Erlangen 
presented by A. Kappes 

2 × 8 inch HQE PMT 
!
!
!
!
Chiba University 
presented by R. Gaior

wavelength-shifting & 
light-guiding to 
2 small diameter PMTs 
!
!
U. Bonn / U. Mainz 
presented by S. Böser
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Baseline Designs

4
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GVD OM
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GVD Optical detector concept 

A group of  Optical Modules (Section) are connected to 
one multi-channel ADC board, that provides data 
processing. 
- Optical module design: as simple as possible; 
- Possibility to use two modes of operation: 

(1) Slow data transmission (triggered mode): 
OM coincidences produce a trigger that rejects the 
PMT noise. 
(2) Fast data transmission: optical line from ADC 
module to Shore Center  (all data to shore).  

GVD Section 

Basic mode of GVD operation – slow data transmission 
(10Mbit per string). Possibility to use optical line for the 
string under consideration. For the last version of ADC 
board (2014) two data output 100BASE-TX and –FX 
are foreseen.  

GVD SectionOptical module design 
Glass pressure sphere 
VETROVEX  (17”) 

PMT   R7081-100 
5 Mu-metal grid Angular dependences of OM response 

OM electronics: HV converter, 
amplifier, controller, LEDs 

SubConn LP, 5-contacts: 
- PMT analog pulse (coax) 
- 2-wire RS485 
- 12 V power supply 

Optical module design 
Glass pressure sphere 
VETROVEX  (17”) 

PMT   R7081-100 
5 Mu-metal grid Angular dependences of OM response 

OM electronics: HV converter, 
amplifier, controller, LEDs 

SubConn LP, 5-contacts: 
- PMT analog pulse (coax) 
- 2-wire RS485 
- 12 V power supply 

Rationale: Keep OM as simple as possible

2 readout modes for section:  
- triggered mode (local coincidences) 

- all data to shore via optical line

Design is basically 
finalised.
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GVD OM: Performance in Water

610 

Prototype arrays: 2012: 36 OM,   2013: 72 OM,  2014: 120 OM 

A summarized time of the OMs operation is ~170 years  

3 OM failures during this period: 

- 1 OM:  HV 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). 

OM reliability 

(without stress tests of electronics during prototyping phase ) 
Results from April 2012 up to September 2014 
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GVD OM: Atmospheric Muons
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9 9 

GVD OM - atmospheric muon detection 

Statistics -  1707896    events 
 
Selection – Q > 2 ph.el. 
 
LED – calibration 
 
Data consistent with expectation 

dt distribution between neighboring channels 
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IceCube Generation2 (Gen2) DOM
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P. Sandstrom et al., VLVνT 2013

Rationale: Keep as close as possible to IceCube design
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Gen2 DOM: Block Diagram 
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Gen2 DOM Block Diagram!Gen2 DOM Block Diagram
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9

P.&Sandstrom,#Univ.#of#Wisconsin–Madison#

21 Sept. 2014! J. Kelley, MANTS 2014! 5!

•  Modernize obsolete / unavailable components (ATWDs, FPGA)!
•  Simplify by using high-resolution ADC (single gain channel), digital 

triggering!

P. Sandstrom

More CPU power in DOM available:  
e.g. waveform unfolding in DOM
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Gen2 DOM: Communications
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In-Ice Cable Communications!
QAM16 Communications Development
• 1st prototype of Gen2 DOM Communications
• Uses Altera SOCKit Cyclone V FPGA Eval. kit
• Uses Commercial Terasic AD/DA Card

22K. Hanson, E. Pinat Université Libre de Bruxelles

•  IceCube: custom amplitude shift 
key protocol!
–  half duplex!
–  0.5 Mbps / DOM!
–  2 DOMs / twisted pair!
–  time synchronization separate, 

requires comms silence!

•  Gen2 DOM: 16-QAM!
–  full duplex!
–  0.25 Mbps down + 1.0 Mbps up / 

DOM!
–  4 DOMs / twisted pair!
–  time synchronization integrated 

with phase recovery!

comms&prototyping&setup&

21 Sept. 2014! J. Kelley, MANTS 2014! 9!
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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 × π 1.52) / (π × 52) = 2.8 

§ The price per area of photocathode is (somewhat) lower 
for 3 inch PMTs

11

  

Aart Heijboer ● xx/xx/xx ● title 6

..one more time

Aart Heijboer ● xx/xx/xx ● title 9

light collecttion cone

piezeo hydrophone

3 inch pmt + custom low-power base

3d printed support structure

compass, tiltmeter

Central logic board 
 FPGA-based, white rabbit timing, 
 DWDM optical communication
 (80 colors/doms over 1 fibre)

power board

signal collection boards

cooling structure

penetrator (custom design)

Desing
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KM3NeT Multi-PMT DOM: In-situ Measurements
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Aart Heijboer ● xx/xx/xx ● title 18
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¶ http://arxiv.org/abs/1405.0839

– time calibration in lab, and with 40K decays
– very rich analysis on single DOM 

prototype: ppm-dom

arXiv:1405.0839 [astro-ph.IM]

1st prototype

April 2013 KM3NeT@Antares

16

Working in water since 17 months
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KM3NeT Multi-PMT DOM: In-situ Measurements
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KM3NeT Multi-PMT DOM: Test Line

13Aart Heijboer ● xx/xx/xx ● title 22

prototype DU data analysis

time difference(µs)

time difference(ns)

Time correlation checked with muons

3 DOM line deployed 
in May 2014
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Alternative Design Studies
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Multi-PMT DOM for IceCube
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PINGU 

Adaptation for the use in deep ice 

reuse 
PMTs 

bases 

connectors 

adaptation/ 
new development 

pressure vessel 

PMT holder 

reflectors 

electronics 

down to  
- 35°C 

ca.  13″  - 15″ 

* during refreezing 
3 IceCube Fall 2014 - L.Classen R.Frytz M.Ivren A.Kappes - Multi-PMT optical module for deep ice detectors in Antarctica 

Rationale: Make advantages of multi-PMT DOM available to IceCube
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Multi-PMT DOM for IceCube: Geant 4 Simulation
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PINGU 

45 cm2 

Simulation results 

IceCube DOM mDOM 
without reflectors 

mDOM 
with reflectors 380 cm2 

9 
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PINGU 

IceCube Fall 2014 - L.Classen R.Frytz M.Ivren A.Kappes - Multi-PMT optical module for deep ice detectors in Antarctica 10 

mDOM: opto-mechanical prototype 
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Ellipsoidal DOM

18

From IC DOM to NewDOMThe Base Design 
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-QE PMTs 
� up/down symmetry: good for veto, reco etc 
� two PMTs insead of one: Better saturation response 
� ellipsoidal shape: less diameter of the hole 
� simple design: still easily integrate what we learn from IceCube DOM 

customized glass shape/curvature 
� designed best match curvature to 

our PMT 
� less thickness top/bottom part 

(9mm-10mm where PMT 
acceptance) for better light 
transmittance 
 

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 1: better saturation response

- Ellipsoidal glass shape: customed for PMT curvature and smaller diameter

- Simple design: close to IceCube design

Concept: two 8’ PMT back to back in a elliptical glass 
house

4
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Ellipsoidal DOM: Improvements wrt. IceCube DOM
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Glass Transmittance 

!"#$$%&'#($)*&&#(+,%

A god improvements in 300nm-400nm 

from IceCube Internal Report:201102011 
 

new Glass (with/without coating) 

IceCube Glass 

7
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Wavelength (nm)

!"#$$%&'#($)*&&#(+,%

A god improvements in 300nm-400nm 

from IceCube Internal Report:201102011 
 

new Glass (with/without coating) 

IceCube Glass 

Large improvement down to 250 nm

(Cherenkov spectrum ∝ 1/λ2)
Additional coating improves another 2-4%
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A god improvements in 300nm-400nm 

from IceCube Internal Report:201102011 
 

new Glass (with/without coating) 

IceCube Glass 

Large improvement down to 250 nm

(Cherenkov spectrum ∝ 1/λ2)
Additional coating improves another 2-4%

Gel Transmittance 

8

!"#$$%&'#($)*&&#(+,%

A god improvements in 300nm-400nm 

from IceCube Internal Report:201102011 
 

new Glass (with/without coating) 

IceCube Glass 

New gel: Shinsetsu Silicone
Easy to treat and shape

Transmittance improved at all λ
Larger improvement at small λ (< 300nm)

→ still needs test at low temp

!"#$%&'()*+%%'(,"$
@3.5mm (design thickness: 4.0mm-5.0mm) 

IceCube Internal Report:201102011 

overall Improvements and more in smaller wavelength (<320nm) 

!"#$"%&'"(&)*+&&

Shinetsu Silicones 
Clear 
Easy to treat 
Further (room/cold) measurements undergoing 
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Ellipsoidal DOM: Lab Tests of PMT and Glass Housing
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First tests and measurements (results)
All credits Hans Niederhausen (Stony Brooks Uni.)

!"#$%&'(%)#*+,-.',/#
!"#$%&'()*+&,-.$/&01&234**&506*"#7&

!" 0&1#23&44#
,5&(.6#
23&44#

7!8# 8"9:# 8"9;#
7<=# 8";># 8";=#
7:=# 8";?# 8";!#
!:8# 8";># 8";!#

8!9&:.;6$<0#&01&=,&10:&:4>&734**&
8?9&:.;6$<0#&01&=,&10:&$04/.;&734**& 23&44#@5%4-'2#A#B&0.#C)(#

DE88!=#

@AB@&

Current IC DOM:
max QE at 400nm: 22%

QE at 350nm: 7%

PMT QE improvement confirmed at low λ 
~6% reduction for coated glass

11
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Wavelength-Shifting Optical Module — WOM: Rationale

21

Basic concept 

■Wavelength shifters (WLS) 

■ concentrate light  

!

Features 

■large collection area 

■low noise rate (few Hz) 

■better UV sensitivity 

■cost effective

2

WOM idea

WOM Update  — 

small PMT

adiabatic
light guide

wavelength shifter
coated glass tube

pressure housing

quartz
glass

WLS paint

PMT & Electronics
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WOM: Wavelength-Shifting Coating

22

Best paint 

■Bis-MSB 

■PMMA 

■Anisole 

Performance 

■large gain  
in UV region 

■emission slightly 
more green

5

Paint selection

WOM Update  — 

Efficiency includes absorption, re-emission,  
and light guiding to photosensor
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WOM: Wavelength-Shifting Coating
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■large gain  
in UV region 
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5

Paint selection

WOM Update  — 

Efficiency includes absorption, re-emission,  
and light guiding to photosensor

Theoretical efficiency > 60%  
Losses under study
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WOM: Wavelength-Shifting Coating

22

Best paint 

■Bis-MSB 

■PMMA 

■Anisole 

Performance 

■large gain  
in UV region 

■emission slightly 
more green

5

Paint selection

WOM Update  — 

Efficiency includes absorption, re-emission,  
and light guiding to photosensor

Theoretical efficiency > 60%  
Losses under studyIdea 

■shifted light is 
 reabsorbed 

■re-emission  
➔ likely lost 

Emission 

■visible in  
photographs 

■spectrum  
indicates 
small effect 

➔ is the light scattered?
11

(Re-)absorption test

WOM Update  — 

Front

Back

Photodiode
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WOM: Future Improvements
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Semi-spherical surface grid 
(lenticular arrays) 

■maximizes acceptance 

■gain 37% w.r.t. flat

�

14

Maximizing Liouville

WOM Update  — �
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Accepted photons
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n=1.33
glass 

n=1.48
air 

n=1



Optical Sensors  |  21 September 2014  |  Page  

Conclusions

>Baseline optical module designs of all experiments 
§ GVD, KM3NeT: Prototypes operating successfully in-situ 

§ IceCube 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

24
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HAP Workshop Topic 4:

 Advanced Technologies

Helmholtz Alliance for Astroparticle Physics

www.hap-astroparticle.orgThe Helmholtz Alliance  
for Astroparticle Physics  

supports Equal Opportunities

Alliance for Astroparticle Physics

Local Organisation:  
Jan Auffenberg, Christopher Wiebusch

Program Committee:  
Gisela Anton (Uni Erlangen),  
Klaus Helbing (Uni Wuppertal),  
Timo Karg, Marek Kowalski (DESY)

hap2014@physik.rwth-aachen.de
http://hap2014.physik.rwth-aachen.de

 � Neutrino detection  

from MeV to EeV energies

 � Air shower physics with  

surface detectors

 � Veto strategies
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Program  � Optical sensor development

 � Radio and acoustic detection  

technology 

 � Design studies of future detectors

 � New ideas

December 08-10, 2014 

at RWTH Aachen

Detector Design and Technology 

for  Next Generation Neutrino Observatories


