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DARk matter WImp search with liquid xenoN
Xenoscope is a new ERC-granted
project focused on essential,
cutting-edge research towards
DARWIN, a future astroparticle
observatory in Europe.
DARWIN will be using a ∼40 t
target of liquid xenon for direct
detection of dark matter particles
in a sensitive time projection
chamber (TPC). This detector will
achieve
an
unprecedented
sensitivity, probing the entire
parameter space for WIMP
masses above ∼5 GeV/c². It will
ultimately be limited by the

With a lower energy threshold than
current neutrino experiments and its
ultra-low
background
level,
DARWIN will even be sensitive to
low energy solar neutrinos (pp, 7Be),
as well as to the neutrinoless double
beta decay of 136Xe, which has an
abundance of 8.9% in natural Xe.

Prospec
t

Spin-independent sensitivity projection for
DARWIN

irreducible background of neutrino
interactions (ν-line, dashed orange),
making DARWIN the ultimate dark
matter detector.

Other rare event searches with
DARWIN will include the coherent
neutrino scattering of 8B, galactic
supernova neutrinos and the
observation of axions and axion-like
particles.
Possible realization of DARWIN

R&D challenges for Xenoscope
Background Reduction Techniques

Optimization of Light Readout

• Identification

• Testing of state-of-the-art Photomultiplier

and characterization of lowradioactivity material for photosensors and other
components of the TPC.
• Determination of required dimensions and
effectiveness of a water Cherenkov shield for
muon-induced neutron background reduction in a
50 t LXe TPC.

Tubes (PMTs)
• Testing of novel, solid-state, VUV-sensitive
Silicon Photomultiplier (SiPM) arrays
• 4π photosensor coverage in a LXe TPC

Upgrade of Xurich II with SiPMs
Current Configuration of Xurich II

Future Configuration of Xurich II

Array of SiPMs
• Rapid implementation

• High gain

• Lower radioactivity

• Good SPE resolution
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Current configuration with two 2-inch PMTs, top and
bottom

• Small-scale, two-phase xenon TPC
• Operating at the University of Zürich.
• Designed
to
investigate
particle
interactions in LXe at very low energies
(50 keV)

of materials with ultra-low
radioactivity levels for radon and high energy γlines background minimization.
• Study and modelling of short-lived, muoninduced isotopes at underground site.
• Improved nuclear vs. electronic recoil
discrimination.

DARWIN Demonstrator

Xurich II offers an optimal environment to
test alternatives to PMTs:

GATE

• Identification

Schematic view of the SiPM array

Array of SiPMs in the top
PHASE I
and PMT in the bottom
Array of SiPMs in the top
PHASE II
and in the bottom

Upgrade of MarmotXL
Design and operation of a LXe TPC with a
full 4π-coverage using our large cryostat
MarmotXL:

The main objective of the project is the
demonstration of the electron drift over
the full height of DARWIN. For this
purpose, we are going to design, build
and operate a TPC of 2.6 m height and
20 cm diameter filled with approximately
315 kg LXe. Our group will be the first to
operate a LXe TPC with this height for
which one of the indispensable
requirements is a stable and uniform drift
field of ~0.5 kV/cm.
In order to achieve the necessary free
electron lifetime of several milliseconds to
drift and extract the electrons into the gas
phase, one of the main goals is to
determine the required circulation and
purification rate.
The current design involves two arrays of
PMT’s, three 3” PMTs on the bottom, and
24 1” PMT’s on the top array. The low
light collection efficiency caused by the
geometry can be increased to 26% (39%)
due to simulations by adding 10 (20)
rings of SiPM arrays, each consisting of
30 modules (not shown in the CAD
drawing on the right).

This will be the first
demonstration ever of electron
drift over 2.6 m in LXe and
extraction into a vapour phase in
a TPC

• 15 cm diameter x 10 cm height
• 60 SiPMs in the top array
• 61 SiPMs in the bottom array
• 5 rings with 28 SiPMs each
This will be the first realization
of a 4π-coverage TPC
We will calibrate this detector with internal
and external sources to characterize the
light and charge detection with SiPMs.
Design of the MarmotXL-TPC
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