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The European Underground Rare Event CalorimetesyA fEURECA) will be an astro-particle
physics facility in the Laboratoire Souterrain dedane, aiming to directly detect galactic dark
matter. The EURECA collaboration unites CRESST, E®EISS and the Spanish-French
experiment ROSEBUD, thus concentrating and focgssifort on cryogenic detector research
in Europe into a single facility. The aim is to éoqe WIMP — nucleon scalar cross sections in
the 10° — 10" picobarn region with a target mass of up to one #® major advantage of
EURECA is the planned use of more than just ongetamaterial (multi target experiment for
WIMP identification).
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1. Motivation

Recent experimental data on the cosmic microwawdraund, combined with other
astronomical and astrophysical data, have sigmifigaimproved the precision of the
fundamental parameters in our cosmological modgl NMuch of the matter density of the
Universe seems to comprise non-luminous, non-baymarticles [2]. Supersymmetry provides
weakly interacting massive particles (WIMPs) aseghipg and well-motivated candidates for
this dark matter [3]. The WIMP-nucleon cross seti®at or below the electroweak scale and
the expected event rates are correspondingly Ibw.identification of a WIMP interaction in a
detector is therefore challenging, owing to the=rat WIMP interactions being very small
compared with the event rates expected from backgloadioactivity of present detectors with
highest purity and from cosmic radiation. In aduiti the recoil energies produced by elastic
WIMP-nucleus scattering are very small, in the eanfja few keV to a few tens of keV.

To address these experimental challenges, a neeragam of cryogenic detectors has
been developed, exhibiting powerful background rifisoation in combination with
unprecedented energy threshold and resolution §. The detectors allow highly efficient
identification of nuclear recoils (caused by WIMRdaalso neutron interaction) by eliminating
electron recoils due to radioactivity. Their usethie existing EDELWEISS-II and CRESST-II
dark matter searches is providing valuable R&D eetipe and experience for EURECA.

EURECA aims to having a target sensitivity a factdf0 better than projected by current
phase Il experiments. Although it is not unlikehat a discovery will be made at WIMP-
nucleon cross sections above®1@icobarn, the range between™®@nd 10" picobarn is
currently most favoured [7] and will be coveredBlyRECA. At the lower end of cross section
values, this translates to only a few events peipgr year in typical targets, requiring ultra-low
background environments and excellent event typeridnination, neutron moderators and
muon vetos.

2. Cryogenic detector technology

EURECA'’s detectors are based on those used in tihepean CRESST, EDELWEISS
and ROSEBUD experiments. The detectors are low-¢eatpre calorimeters, operating in the
millikelvin temperature range, using complementegghniques for discrimination of nuclear
and electron recoil events. Detectors based ongehatmonon detection [4] are used by
EDELWEISS. The thermal signal induced by energyodémn in a germanium detector crystal
is measured with a high-impedance thermistor agicto its surface. Simultaneously, the
ionization signal is read out via electrodes on thngstal surface. The ratio between the
measured ionisation and heat signals providesfaneet tool for the identification of the event
type. Detectors based on scintillation-phonon & @ased by CRESST and ROSEBUD. Many
materials scintillate and CRESST has currently CaVi@sorbers and one ZnWQ@rystal
installed. The thermal signal is measured with @estonducting transition edge sensor (TES)
on the crystal surface. Simultaneously, scintitiatis detected with thin calorimeters also using
a TES sensor, but optimized for detection of sitibn.
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The aim of EURECA R&D is to explore concepts andigies, based on the existing
technologies, appropriate to a large-scale expettinfde exploitation phases of EDELWEISS-
Il and CRESST-II are aligned with the R&D for andstyn of EURECA. This should allow
selecting the optimum detector technology for EURE®@n important aspect in designing a
ton-scale experiment is the inherent scalabilitgnybgenic detectors. Individual modules have
already been developed and optimised; scaling ugelyneequires the production of more
modules and a larger cold space in a dilution gefator. Increasing the production rate of
modules does not require additional detector dgvedmt, although further improvement is
always possible and likely to occur as a by-prodifabptimising the manufacturing process.
Use of a larger cryostat does not affect the omeratf individual detectors. Large dilution
refrigerators are in use already, for example fawvigational wave antennae, but cooling large
detector arrays to ~10 millikelvin with several tisand wires attached represents a challenge.

A modular approach is vital to achieving large di&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 keep the data stream free frorupikend makes calibration and monitoring
easier.

An important feature of EURECA will be its multi-tegial target. Having several targets
is highly desirable for testing the correct A-sogliof WIMP-nucleon interactions and to
determine residual neutron backgrounds, if preseatther strong motivation for equipping
EURECA with a range of target materials is providbgckinematic 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 lpoti@ion. Additional absorbers are being
researched and optimized [8 — 11].

Arranging the detectors in a large array of smallesorbers has the further advantage of
allowing testing for uniform rates within the tatgend for providing an additional dark matter
signature by requiring single interactions only odark matter candidate event. This should
allow identification of residual neutron backgrouhdough coincidences.

3. EURECA — Next Steps

3.1 Cryogenics and Shielding

The design of the cryogenic and shielding infragtree requires detailed studies and
careful planning. EURECA will require significantnprovements in the radiopurity of the
immediate environment to achieve the very low baolgd rate required. This concerns
gamma ray background and neutron-induced backgrdumeldepth of the underground site is a
key factor for achieving lowest muon-induced backmds, and therefore, EURECA will be
installed within the Laboratoire Souterrain de MoelfLSM). The EURECA collaboration is
working closely with the LSM on the design of deded integrated shielding and
accommodation of cryogenic equipment in the plarexdnsion of the LSM.
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Fig. 1: A possible EURECA facility design, currgntinder study by the collaboration

An early artist’s view of the EURECA setup with wathields around the two cryostats is
shown in Fig. 1. Dilution refrigeration will be uséo cool the ton-scale cold mass of EURECA.
Studies are under way to determine the cooling poeguired of the dilution refrigerator of
EURECA. First results indicate a considerable Heat, which is in good agreement with
experimental values obtained for large cold mas$esmilar size in other experiments. The
proximity cryogenics must satisfy the stringentuiegments resulting from remote operation in
underground laboratories. In addition, much hasbbegrned from the rather different design
concepts of CRESST and EDELWEISS. The lessons ddafrom the operation of these
experiments will have their impact on the desigthef EURECA cryogenic system.

3.2 Electronics

Electronic readout and DAQ will have to scale tegesal thousand channels. Some of the
scalability issues have already been addressedinding the readout hardware for the present
experiments, but a further ~10-fold increase insitgnreduction of heat loads through readout
wires, and a reduction in the cost per channellwglhecessary for the realization of EURECA.

In order to reduce the cost per readout channeintacceptable level we will need to
develop multi-channel front-end electronics, tolaep the present single-channel systems; and
redesign detector bias and control systems to aakantage of the economy of scale. Some
hardware components can be avoided by providirig filmection through 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 chainlié crucial. This approach reduces cost
and adds flexibility. Rather than building trigdeardware, it is foreseen to use arrays of field
programmable gate arrays (FPGA) in which triggarsanged by their level of sophistication,
can be realized. Research and development hasdst@ready, with “intelligent” electronics,
capable of identifying potentially interesting sidm above noise. A trigger system with several
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levels allows further balancing the available cotimgu power between the levels of
sophistication of the trigger condition, succedsiveducing the volume of the data stream as it
propagates through the data pipeline.

With the number of readout channels increasingpraated control and monitoring
becomes increasingly important. We will need tdhfer develop the capability of operating the
experiment from outside the underground laborataing to keep track of an increasing number
of parameters in order to certify the origin of awent in our detector.

A larger experiment means longer cables and a @reaimber of passages through
thermal shields and heat sinks. This is less al@molor low-impedance detector readout
channels, but might cause problems for high-impedamad-out due to stray and parasitic
capacitance. To somewhat alleviate these potemtzalbacks, research will be necessary into
specific grounding schemes, possibly involving \adti driven shields and a comparison of
various possible implementation, such as coax sabistrip lines. Avoiding cross talk between
channels despite the high density of cables isaisonportant issue.

The readout system and DAQ will need to be ablaccmmmodate a variable number of
detectors with very different design, operation apded. We aim to design it as modular as
possible so that a large number of sections / compis will be the same across the range of
readout configurations. Other aspects to incluéeliaking the output from the muon veto into
the data acquisition system and ensuring synchabaisof time stamp recording with precision
at the microsecond level.

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

3.3 Detectors

A major task faced by EURECA will be mass produttod the detector modules, moving
away from prototyping, which, by its nature, hdewa rate of detector production. An important
aspect is the screening of raw detector materiglisré they enter the production process. This
has to be done to a level compatible with sentigiwviof measuring only a few events per year.

A key feature of EURECA is its operation of diffatéarget materials and complementary
discrimination technologies within a single commaiume. Here we combine the advantages
of the detector concepts, namely scintillation &meet (as in CRESST and ROSEBUD), and
ionization and heat (as in EDELWEISS). The longreaim is rationalization of the detector
sensors and streamlining the corresponding reatfmins. The heat signal could be measured
using either high-impedance thermistors or tramsittdge sensors. Gluing of thermometers
(rather than fabricating them directly on surfack tbe dark matter target) separates
thermometer optimization from choosing a specifis@ber material [12 — 14].

Regarding the supply of scintillating absorberdarge quantities, we are working with
suppliers on the reduction of radioactive impusitend at the same time aim to improve the
light yield and size of the scintillators. In thegstematic approach we put great emphasis on



EURECA Hans Kraus

reproducibility, reliability and quality control. rAinvestigation into the possibility of growing
our own crystals is also under way.

We will have to improve considerably the radiopuaf the bulk detector materials. To
perform this, careful selection of materials isdesb which requires a large number of samples
to be tested with sensitivities of at least twoewsdof magnitude better than the present ones.
For EDELWEISS-II, this is currently done using glhisensitivity low-background Ge gamma
spectrometer on the basis of a HP Ge diode of 2a0with archaeological lead shielding,
situated in a deep underground facility. The beststivity obtained, for instance in
measurements of copper samples with mass of alfbkf For a measuring time of about 1
month is at the mBg/kg level for U/Th affCo. This sensitivity limit could be improved, for
example by reducing the background of the Ge speters, by increasing the masses of the
samples as well as the effective mass of the Gectbet and by redesigning the geometry of the
spectrometer, aiming fom4coverage.

The storage of materials, manufacturing of devimed growth of crystals underground
would prevent cosmogenic activation. An adequatietground environment should consist of
large storage areas and dedicated clean rooms,seitkitive radon monitoring and trapping
facilities (Rn activity ~ mBg/rof air). While storage underground is not a huggblem for
the small amount of material in the current experits, it will need a dedicated effort for the
increased space requirements of EURECA.
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