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EURECA (European Underground Rare Event CalorimAteay) is an astro-particle physics
facility aiming to directly detect galactic dark ttea. The Laboratoire Souterrain de Modane has
been selected as host laboratory. The EURECA amitdion unites CRESST, EDELWEISS
and the Spanish-French experiment ROSEBUD, thusertdrating and focussing effort on
cryogenic detector research in Europe into a sifagéity. EURECA will use a target mass of
up to one ton, enough to explore WIMP — nucleorascscattering cross sections in the region
of 10° — 10™° picobarn. A major advantage of EURECA is the pkthose of more than just
one target material (multi target experiment foWel identification).

| dentification of Dark Matter 2010 (IDM2010)
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1. Introduction

1.1 Motivation

Substantial experimental evidence, with ever imprg\precision, suggests the existence
of a significant fraction of the Universe being ldanatter [1, 2]. The expected event rate in
direct search experiments is low, owing to the WiMRIleon cross section at or below the
electroweak scale. Identification of WIMP interactiin a detector is therefore challenging, and
once a signal is suspected there will have to bans@f verifying this as originating from
interaction of dark matter particles. Any experitneiith sensitivity beyond the level already
demonstrated in existing data must be ultra-lowkgamnd in terms of the detectors and their
immediate surroundings and housed in an undergrtabatatory of sufficient depth to reduce
as best as possible contributions from muon-indueedrons near the detector. In addition, the
detector technology has to be capable of detethieagmall recoil energies produced by elastic
WIMP-nucleus scattering, which tend to be in thegeof a few keV to a few tens of keV.

In order to address the above experimental chaleng new generation of cryogenic
detectors has been developed, exhibiting powerdck@round discrimination in combination
with unprecedented energy threshold and resolut®r- 5]. These detectors allow high-
precision identification of nuclear recoils (causgd WIMP and also neutron interaction) by
eliminating electron recoils due to radioactivi§uch detectors are currently installed in the
EDELWEISS-Il and CRESST-II dark matter search eixpents, producing science output and
allowing for testing and optimization for their me use in EURECA.

EURECA aims to have a target sensitivity a factb®® better than projected by current
phase Il experiments. Although it is not unlikehat a discovery will be made at WIMP-
nucleon cross sections above®icobarn, the range covered by EURECA (extendingCt'°
picobarn) is currently most favoured by theory 8 the sensitivity limit, this translates to only
a few events per ton per year in typical targetguiring ultra-low background environments
and excellent event type discrimination, neutromeration and muon vetos.

EURECA is based on cryogenic calorimeters, opegatih millikelvin temperatures, a
technology that has demonstrated its maturity anahherently scalable due to the modular
arrangement of individual detector modules. Theedets exhibit excellent energy resolution
and true event-by-event discrimination, both of ekhare important for identification of any
residual background. Their excellent performance b@en demonstrated within the CDMS,
CRESST and EDELWEISS experiments.

EURECA, together with SuperNEMO, plans its inst#la into the extension of the
Laboratoire Souterrain de Modane (LSM, or Fréjumtatory). This extension should be ready
for occupation in 2014, but some initial testinggddRECA components can be carried out in
the existing laboratory, where EDELWEISS is curyenperating. EURECA selected the LSM
for its low muon flux, easy access, well-developgdastructure and expertise in hosting low-
background experiments.
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1.2 Cryogenic Detector Technology

EURECA's detectors will be based on those preserggd in the CRESST, EDELWEISS
and ROSEBUD experiments. The detectors are low-¢eatpre calorimeters, operating in the
millikelvin temperature range. Complementary tegles are used for discrimination of nuclear
and electron recoil events. Detectors based ongekamonon discrimination [3] are used by
EDELWEISS. The thermal signal induced by energyodémn in a germanium detector crystal
is measured with a high-impedance thermistor agihcto its surface. Simultaneously, the
ionization signal is read out via electrodes on thngstal surface. The ratio between the
measured ionisation and the heat signals providesffecient method for the identification of
the event type. Detectors based on scintillatioorgin discrimination [4] are used by CRESST
and ROSEBUD. The thermal signal in CRESST detedfusrently tungstates) is measured
with a superconducting transition edge sensor (T&S}he crystal surface. Simultaneously,
scintillation is detected with thin planar caloriews also using a TES sensor, but optimized for
detection of scintillation.

Both technologies have their specific advantagesm@nium, for example, has a long
history in ultra-low background applications andaisvell-studied material. There is a sizable
market associated with this material and hence centiad companies exist with the necessary
expertise to participate successfully in the préidacof a large number of detectors that will
have to be procured for the construction of the dtage of EURECA. Regarding event type
discrimination, this is not restricted to distingjuing between electron and nuclear recoil.
Recent progress on EDELWEISS with germanium detecequipped with interleaved
electrodes made it possible to identify bulk evemid reject surface events with high precision
[7]. Solid scintillators have the advantage thatréhare many of them, hence allowing tuning of
the target material to be an optimum fit to thepsased WIMP mass. The wide choice of
materials allows exploration of spin-dependent werspin-independent interactions and
optimizing WIMP detection by selecting a target leus with mass similar to the mass of a
WIMP, once this is narrowed down. Most of the stiatbrs are composite materials which
allow studying several nuclei within one target dahence within the same radio-pure
environment, using the same sensors and readdRESGST is currently operating CaWy@nd
ZnWOQ, targets for this purpose [8, 9].

Europe is quite strong in the area of cryogenick daatter detectors, having a long
tradition in the field and a large number of groapsl individuals pursuing this technology. All
these groups, and in addition others with relewaqertise, have joined EURECA. The other
grouping of experts in mainly US-based and workiog superCDMS/GEODM. A
memorandum of understanding has already been sighetiveen EURECA and
superCDMS/GEODM to encourage global collaborationareas of mutual benefit. The
cryogenic effort is complemented by experimentivwng liquid noble gases. Having more
than one technique for detecting WIMP patrticlegmportant for cross-check and verification
when a WIMP signal is suspected, but it also witha studying more efficiently properties of
the dark matter particles.
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2. EURECA — Status and Current Studies

The work towards the design of EURECA has startad & based on previous,
preliminary studies that provided some informatéomd guidance, leading to a baseline design
for the EURECA facility. The EURECA baseline desigmcludes the water tanks with
immersed cryostats (Figure 1). Preliminary studiesw (to be confirmed by a more detailed
analysis) that a water shield of 3 metres thicknesgounding the detector accommodation on
all sides satisfies our requirements for residadiaactivity from outside. There should be two
cryostats to maximize exposure with time. One datosould initially be used to only house
detectors that perform very well regarding low-tmrckind and high sensitivity / low threshold.
This cryostat would run for long periods (typicaltyr one year), while the other cryostat could
have a larger number of shorter running periodgal@ate and commission detectors as they
become available. Once the detectors are validéteg, would then be moved to the cryostat
with longer running intervals. Eventually, also ttrgostat with shorter running periods would
move to increasingly longer ones, moving fully téesice runs eventually. This strategy should
allow fastest progress, where, and that one shuatldorget, the level of sensitivity we aim for
has not been demonstrated yet. Otherwise, the iexgetrwould have been completed already.
With any large scale dark matter search experinmy@ explores previously unchartered
territory and as such there is no hard and fasisiian from commissioning to exploitation
mode. On the contrary, as sources of backgrounttlargified and removed or dealt with, new
backgrounds are likely to appear, but of cours@@easingly lower level. Being able to react
fast and addressing any new issue that may appedtal and has to be designed into the
facility from the start. Hence our strategy, adioad.

Figure 1: The two cryostats of EURECA, each inside itsindividual water shielding, with the central
building between. The top level of the building, together with the space covered by the domes, isa
cleanroom.
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2.1 Infrastructure and Cryostat

We anticipate that a volume of 15 m x 30 m x 15 wul probably be enough to
accommodate all required infrastructure as shownFigure 1, though some specific
requirements will need to be detailed as part ofomgoing design study.

The design of the cryogenic and shielding infrattrire needs detailed studies and careful
planning. EURECA requires significant improvemeits the radiopurity of the internal
environment in direct vicinity of the detectorsachieve the very low background rate required.
This concerns gamma ray background and neutrorcetiackground. We estimated that
isotope concentrations not exceeding 10 ppt forhldid 10 ppb for natural potassium should
be adequate to meet our constraints on internabaetilvity and hence this specification will
have to be achieved in materials close to the twtacray.

Dilution refrigeration will be used to cool the tenale cold mass of EURECA. Studies
are under way to determine the cooling power reguof the dilution refrigerator of EURECA.
First results indicate a considerable heat loadchvis in good agreement with experimental
values obtained for large cold masses of similae sh other experiments. The proximity
cryogenics must satisfy the stringent requiremergsulting from remote operation in
underground laboratories. In addition, much hasnbegrned from the rather different design
concepts of CRESST and EDELWEISS. The lessons ddafrom the operation of these
experiments will impact on the design of the EURE@¥ogenic system.

2.2 Electronics

We also have baseline designs for cryogenics aallind front-end electronics. Based on
experience with the running experiments we haven ba®alysing already how to achieve
scaling up by a factor of ~100 in a cost-effectivanner. The cabling shown in Figure 2 (right
panel), for example, is a prototype of what couttlieve the cost savings we are looking for.
The question whether this type of cable can be usdlde immediate vicinity of the detector
array, or whether it will be capable of operatinighe low noise levels required, is currently
being addressed within our design study.

Figure 2: The left panel shows a cryogenic cable as used in the CRESST-I1 setup. The right panel shows a
prototype of a cable on a Kapton base.
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Electronic readout and DAQ will have to scale teesal thousand channels. The issue of
scalability has been addressed already in providireg readout hardware for the presently
running experiments, but a further reduction ofthieead through readout wires, and a
significant reduction in the cost per channel axpartant for the realization of EURECA.

In order to reduce the cost per readout channent@acceptable level we will need to
develop multi-channel front-end electronics to aepl the present single-channel systems; and
redesign detector bias and control systems to takentage of economy of scale. Some
hardware components can be avoided by providing filmection through firmware or software.

Multiplexing systems for cryogenic detectors haeerbdeveloped for astronomical arrays
to reduce the number of readout channels. It isyabtlear if these can be adapted for a dark
matter search, but it is likely there will be sogswet of multiplexing at some level.

Digitization at an early stage in the DAQ chainlwié crucial. This approach reduces cost
and adds flexibility. Rather than building trigdeardware, it is foreseen to use parallel sets of
field programmable gate arrays (FPGA) in which dgers, arranged by their level of
sophistication, are realized. Research and devedopinas started already, with “intelligent”
electronics, capable of identifying potentiallyargsting signals above noise. A trigger system
with several levels allows further to balance thailable computing power between the levels
of sophistication of the trigger condition, suceesly reducing the volume of the data stream as
it propagates through the data pipeline.

A physically larger experiment means longer calaled a greater number of passages
through thermal shields and heat sinks. This is gproblem for low-impedance detector
readout channels, but might cause problems for-imgledance read-out due to stray and
parasitic capacitance. To somewhat alleviate thetential drawbacks, research is ongoing into
specific grounding schemes, possibly involving \ati driven shields and a comparison of
various possible implementations, such as coaxesabl strip lines. Avoiding cross talk
between channels despite the high density of céblgso an important issue.

We aim to design the readout system and DAQ as lap@ds possible so that a large
number of sections / components will be the samasadhe range of readout configurations. It
should then be possible to run a variable numbedeatéctors with very different design,
operation and speed by only changing the frontamtl adjustment of parameters in software.
Other aspects that need to be considered alreatheidesign include linking the output from
the muon veto into the data acquisition systemummg synchronisation of time stamp
recording with precision at the microsecond level.

Many of the above ideas are already beyond their §itage of research and development
and are currently implemented in EDELWEISS-II an®RESST-Il. The combination of
expertise and experience gained in these two expets is being harnessed for the next level
of scaling up.

2.3 Detectors

The aim of EURECA R&D is to explore concepts andigies, based on the existing
technologies, appropriate to a large-scale expetinide exploitation phases of EDELWEISS-
Il and CRESST-II are aligned with the R&D for EURE@nd the design of the experiment.
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This should allow us to select the optimum detetéchnology for EURECA. An important
aspect in designing a ton-scale experiment is herent scalability of cryogenic detectors.
Individual modules have already been developedogtienised; scaling up merely requires the
production of more modules and a larger cold space dilution refrigerator. Increasing the
production rate of modules does not require aduiiaetector development, although further
improvement is always possible and likely to ocag a by-product of optimising the
manufacturing process.

A modular approach is vital to achieving large d&ie masses. There are likely to be
limitations in large-scale detectors due to radivac backgrounds present in the target
materials. With individual sub-kilogram solid tatge modules with abnormally high
backgrounds can be isolated and replaced. Fitiidgvidual readout channels to each target
mass also helps keeping the data free from pilaagpmakes calibration and monitoring easier.

An important feature of EURECA is its multi-matértarget. Having several targets is
highly desirable for testing the correct A-scalio§ WIMP-nucleon interactions and to
determine residual neutron backgrounds, if preseatther strong motivation for equipping
EURECA with a range of target materials is provithgdkinematic considerations, as the mass
of the WIMP is unknown. A natural initial choicerf&€URECA is to use germanium and
tungstate targets, given the expertise of the loofktion.
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