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Wavelength-shifting Optical Module (WOM)

The IceCube-Gen2 collaboration†

†http://icecube.wisc.edu/collaboration/authors/icrc17_gen2

E-mail: peter.peiffer@uni-mainz.de

The Wavelength-shifting Optical Module (WOM) is a novel photosensor concept developed in the

context of the IceCube-Gen2 neutrino telescope, a next generation multi-km3 neutrino telescope

at the South Pole. It provides a large photosensitive area with low detector noise and improved

UV sensitivity. This is achieved by combining a wavelength-shifter (WLS) coated tube with

two small, low-noise PMTs. Incident UV photons are absorbed by the WLS and re-emitted

isotropically. A large fraction of the light is captured in the tube by total internal reflection and

guided to the small PMTs. Through its cylindrical geometry, which is well matched to the drill

holes, this concept results not only in an overall improved detection efficiency, but at the same time

saves production and drilling cost. In this contribution we discuss the performance characteristics

of the WOM and present the current status of the prototype development.
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WOM Overview Peter Peiffer

for maximum overlap with the sensitivity of the PMT. The current prototype uses a Hamamatsu

R12199-02 3" PMT, but other options are under investigation, including new super-bialkali PMTs.

The advantages of this module are:

• Higher number of detected photons: The ice is transparent down to λ=200 nm and the

number of Cherenkov photons follows a 1/λ 2 distribution. The sensitive area is given by the

tube surface A0, which exceeds the sensitive area of the pDOM and can even be scaled up by

lengthening the tube, at the cost of deteriorating timing resolution (≈ 10 ns for a 1 m tube).

The effective area (Fig.1) is given by Ae f f = A0 ·Nph(λ ) · εcapt · εloss with Nph the integrated

available spectrum, εcapt the capture efficiency and εloss the loss factor due to attenuation.

• Lower noise: PMT noise scales with the photo-cathode area. The PMTs currently used in

the WOM prototype have a dark noise of ≈ 30 Hz with a single-photoelectron-threshold at

ice temperatures (-10◦C – -40◦C), compared to ≈ 500 Hz for the DOM-PMT.

• Lower energy threshold: the energy threshold of a Cherenkov detector is proportional to

the effective sensitive area per unit volume and is limited by dark noise. Since the noise of

the WOM is an order of magnitude lower and the effective sensitive area is larger than that

of the (p)DOM, this module will allow the detection of lower energy events compared to

IceCube with the same density of modules.

• Lower drilling cost: the cylindrical shape of the WOM matches the hole geometry better

and has a much smaller diameter than the pDOM. This allows for smaller holes and saves on

drilling time, energy and cost.

2. Prototype development

2.1 Materials

The WOM consists of the pressure vessel, the WLS coated tube plus light guides, the WLS

paint and the PMTs. The pressure vessel has to be UV transparent and pressure resistant up to

700 bar. A commercial quartz tube with hemispherical end caps that fulfills these requirements has

been selected. For the material of the WLS tube refractive index, compatibility with different WLS

coatings and price were considered. In the end PMMA was chosen. The WLS needs to have a

broad absorption spectrum in the UV range and minimal overlap between absorption and emission,

so that it is transparent to its own emitted light. The WLS optimization has been described in [5].

Fig.3 shows the relative absorption and emission spectrum of the current WLS. However, research

into other WLS paints is ongoing.

2.2 Adiabatic light guide

The development of the adiabatic light guide (ALG) has been reported in [5]. Different meth-

ods of attaching the ALG to the WOM tube have been investigated ranging from various glues

to solvent welding. Fig.4 shows the result of using UV curing glue. By visual inspection, most

of the light reaches the ends of the ALGs. However, the gluing lines are visible due to scattered

light, signifying a small light loss there. Investigations are ongoing, whether the connection can be

improved by solvent welding or a monolithic production of a WOM-tube with adiabatic ends.
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In Fig. 9 the distance between muon track and the individual OMs is investigated. The photon

number is plotted per energy, per event and OM against this distance. The WOM performance

decreases as a function of distance due to shorter attenuation-length for the UV photons in the ice,

but stays better than that of the pDOM for all relevant distances. The plateau at very short distances

(i.e. for unscattered photons) is caused by the different angular acceptance of the modules.

Detailed measurements of the WOM time response are ongoing and will be implemented in

the simulation for a realistic arrival time modeling. Additionally the use of a super-bialkali version

of the PMT might increase the efficiency by up to 45%. Any efficiency values for new WLS paints

that are studied can also be directly included in the simulation framework.

5. Summary and Outlook

The WOM has proven to be a very promising low noise, high efficiency and low cost optical

module, but further improvements of several components and simulations are ongoing. A reliable

mounting structure has been developed and a prototype has been assembled. The WLS developed

for the WOM shifts light from the λ ≈250-400 nm to λ>400 nm. Measurements of the light capture

and transport efficiency showed values up to 50%[8]. However, the efficiency strongly depends

on coating quality and uniformity. Further studies into the optimization of the WLS coating are

ongoing and a dedicated semi-automated measuring setup has been built to quantify any future

coatings. The adiabatic light guides developed for the WOM have been successfully coupled to

the WOM tube with an UV-curing glue, but further optimization of the gluing process are ongoing

to minimize the light loss. The quartz vessel has been pressure tested and has been proven to be

vacuum tight for more than a year. In simulations the WOM has been shown to detect more photons

than the pDOM for all energies, types of events and detector geometries for IceCube-Gen2. Beyond

IceCube-Gen2, it’s high efficiency and low noise make this optical module the ideal candidate for

the conceptualized MICA supernova detector [9]. The performance of the WOM can be improved

even further by using new PMTs with a higher quantum efficiency or newly developed WLS. The

WOM was developed for the IceCube-Gen2 experiment. However, it can be conceptually adapted

to other experiments that profit from it’s UV detection capabilities, such as SHiP. [7]
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