
DARWIN
DARk matter WImp search with Noble liquids

Laura Baudis
University of Zurich
(on behalf of the DARWIN Consortium)

IDM2010
University of Montpellier, July 30, 2010

darwin.physik.uzh.ch

1Friday, July 30, 2010



What is DARWIN?

R&D and design study for a next-
generation noble liquid facility in Europe

Approved by ASPERA (AStroParticle 
ERAnet) in late 2009

Focus: coordinate existing European 
activities in liquid argon and liquid xenon 
towards the construction of a multi ton dark 
matter facility (using argon and/or xenon)

Physics goal: probe WIMP nucleon (SI) 
cross sections well below 10-47 cm2 

proportional light signals induced by particles interacting
in the sensitive liquid xenon (LXe) volume. The 3D posi-
tion sensitivity, the self-shielding of LXe, and the prompt
versus proportional light ratio are the most important back-
ground rejection features. The first results, using
!136 kg-days exposure after cuts, demonstrated that
LXe can be used for stable, homogeneous, large scale
dark matter detectors, providing excellent position resolu-
tion and discrimination against the electron recoil back-
ground. The derived upper bound on SI cross sections on
nucleons is 4:5" 10#8 pb for a WIMP mass of 30 GeV.
Since natural Xe contains 129Xe (26.4%) and 131Xe
(21.2%) isotopes, each of these having an unpaired neu-
tron, the XENON10 results substantially constrain the SD
WIMP-nucleon cross section. We calculated the
XENON10 SD LKP-neutron and LKP-proton upper
bounds based on the observation of 10 events, without
any background subtraction [69]. The next phase,
XENON100, will operate a total of 170 kg (70 kg fiducial)
of xenon, viewed by 242 PMTs, in a dual-phase TPC in an
improved XENON10 shield at the Gran Sasso Laboratory.
While the fiducial mass is increased by more than a factor
of 10, the background will be lower by about a factor of
100 (through careful selection of ultra-low-background
materials, the placing of cryogenic devices and high-
voltage feedthroughs outside of the shield, and by using
100 kg of active LXe shield) compared to XENON10.
XENON100 is currently being commissioned at LNGS;
the aim is to start the first science run in fall 2008, probing
WIMP-nucleon SI cross sections down to !10#9 pb.

The Korea Invisible Mass Search (KIMS) experiment
[71] is located at the Yangyang Underground Laboratory,
Korea. The collaboration has operated four low-
background CsI(Tl) crystals, each viewed by two photo-
multipliers, for a total exposure of 3409 kg-days. Both
133Cs and 127I are sensitive to the spin-dependent interac-
tion of WIMPs with nuclei. KIMS detects the scintillation
light after a particle interacts in one of the crystals, kept
stably at ð0% 0:1Þ'C. The pulse shape discrimination
technique, using the time distribution of the signal, allows
one to statistically separate nuclear recoils from the elec-
tron recoil background. The KIMS results are consistent
with a null observation of a WIMP signal, yielding the best
limits on SD WIMP-proton couplings for a WIMP mass
above 30 GeV. Specifically, the upper bound for a WIMP
mass of 80 GeV is 1:7" 10#1 pb.

The Chicagoland Observatory for Underground Particle
Physics (COUPP) experiment [72] is operated at Fermilab,
USA. The experiment has revived the bubble chamber
technique for direct WIMP searches. The superheated
liquid can be tuned such that the detector responds only
to keV nuclear recoils, being fully insensitive to minimum
ionizing particles. A 1.5 kg chamber of superheated CF3I
has been operated for a total exposure of 250 kg-days. The
presence of fluorine and iodine in the target makes COUPP

sensitive to both SD and SI WIMP-nucleon couplings. The
production of bubbles is monitored optically and via sound
emission, reaching a reconstructed 3D spatial resolution of
!1 mm. It allows one to reject boundary events and to
identify multiple neutron interactions. The most recent
COUPP results set the most sensitive limit on SD WIMP-
proton cross sections for a WIMP mass below 30 GeV. As
an example, the upper bound on the SD coupling is 2:7"
10#1 pb at a WIMP mass of 40 GeV.
In Fig. 8 we show the current CDMS and XENON10

upper bounds for the SI cross section together with pro-
jected sensitivities for SuperCDMS 25 kg, XENON100,
and for a ton-scale detector. The LKP boundaries for !1,
Z1, and !H as dark matter candidates are also shown, for a
wide range of mass splittings (0:01<!q1 < 0:5) and a
fixed Higgs mass mh of 120 GeV. The small mass splitting
regions are excluded up to masses of about 600 GeV,
900 GeV, and 700 GeV for !1, Z1, and !H, respectively.
For large mass splittings of !q1 ¼ 0:5, only masses below
about 100 GeV can be probed. Future ton-scale direct
detection experiments should cover most of the interesting
LKP parameter space.
In Fig. 9, we show the SD cross-section limits for both

(a) pure neutron and (b) pure proton couplings for three

FIG. 8 (color online). Current and projected experimental lim-
its on the SI LKP-nucleon-scattering cross section together with
the theoretically expected !1 (blue-shaded area), Z1 (yellow-
shaded area), and !H (green-shaded area) LKP regions. The
boundaries of the LKP regions are selected for 0:01< !< 0:5,
while the Higgs mass mh is fixed to 120 GeV. The solid lines are
the current experimental upper bounds (90% C.L.) from the
CDMS (blue) and XENON10 (red) experiments. The dashed
lines are expected sensitivities for the SuperCDMS 25 kg (blue)
and XENON100 (red) experiments, which will be operated in the
near future. The dotted line is the expected sensitivity for a ton-
scale detector.

ARRENBERG, BAUDIS, KONG, MATCHEV, AND YOO PHYSICAL REVIEW D 78, 056002 (2008)

056002-14

Kaluza-Klein dark matter: Direct detection vis-a-vis CERN LHC

Sebastian Arrenberg
Department of Physics, University of Zürich, Zürich, 8057, Switzerland
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We explore the phenomenology of Kaluza-Klein (KK) dark matter in very general models with

universal extra dimensions (UEDs), emphasizing the complementarity between high-energy colliders

and dark matter direct detection experiments. In models with relatively small mass splittings between the

dark matter candidate and the rest of the (colored) spectrum, the collider sensitivity is diminished, but

direct detection rates are enhanced. UEDs provide a natural framework for such mass degeneracies. We

consider both five-dimensional and six-dimensional nonminimal UED models, and discuss the detection

prospects for various KK dark matter candidates: the KK photon !1, the KK Z boson Z1, the KK Higgs

boson H1, and the spinless KK photon !H . We combine collider limits, such as electroweak precision data

and expected LHC reach, with cosmological constraints from WMAP, and the sensitivity of current or

planned direct detection experiments. Allowing for general mass splittings, we show that neither colliders

nor direct detection experiments by themselves can explore all of the relevant KK dark matter parameter

space. Nevertheless, they probe different parameter space regions, and the combination of the two types of

constraints can be quite powerful. For example, in the case of !1 in 5D UEDs the relevant parameter space

will be almost completely covered by the combined CERN LHC and direct detection sensitivities

expected in the near future.
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I. INTRODUCTION

The standard model (SM) has been extremely successful
in explaining all available experimental data in particle
physics. However, there are several unsettling features of
the SM, which have motivated a substantial research effort
on physics beyond the standard model (BSM). The two
issues continuously attracting the most attention are the
hierarchy problem and the dark matter problem. The an-
ticipated discovery of the Higgs boson of the SM at the
Large Hadron Collider (LHC) at CERN would pose a
challenging theoretical question: what is the next funda-
mental energy scale? If it is as high as the Planck scale,
then what stabilizes the hierarchy between the Planck and
electroweak scales? Or, if it is much lower than the Planck
scale, what is the physics associated with it? The second
issue is related to the now established existence of a dark
matter (DM) component of the universe. Since the SM
does not accommodate a suitable DM particle candidate,
the dark matter problem is the most pressing phenomeno-
logical evidence for physics BSM [1].

A. The dark matter problem and physics beyond the
standard model

There are different avenues one could follow in extend-
ing the SM and addressing the dark matter problem. The
common theme among them is the introduction of new
particles, one of which is neutral and serves as the dark
matter candidate; and a new symmetry, a remnant of which
survives in the low-energy effective theory and ensures that
the lifetime of the DM particle is sufficiently long (at the
minimum, longer than the age of the universe). In princi-
ple, simply postulating a new stable and neutral particle
would be rather ad hoc and unsatisfactory without further
corroborating evidence. Fortunately, the DM candidates in
most BSMmodels typically have some kind of nongravita-
tional interactions, which are sufficient to keep them in
thermal equilibrium in the early universe. Thus, their relic
abundance can in fact be straightforwardly calculated in
any given model (for details, see Sec. II B below). The
generic result of this computation is that a weakly interact-
ing massive particle (WIMP) with a mass near or below the
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DARWIN Institution and 
Connections

A total of 22 groups from: 

ArDM and WARP for LAr
XENON for LXe

Europe: UZH, INFN, ETHZ, Subatech, 
Mainz, MPIK, Münster, Nikhef, KIT, 
IFJPAN

USA: Columbia, Princeton, UCLA

Mainz
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DARWIN Prototypes

WARP-140 
(140 kg of LAr)

under commissioning 
at LNGS

ArDM (~1 ton of LAr)

under commissioning 
at CERN; underground 
operation planned for 
2011

XENON100
(161 kg of LXe)

under operation at 
LNGS
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XENON/ArDM/WARP 
evolution

XENON R&D

XENON10
XENON100

XENON1t

ongoing

2005-2007

ArDM-1 ton

2011-2015

WARP 2.3 l

2008-2010

WARP-140
WARP R&D 
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Motivation (I)
Question: what would XENON100 and WARP140 see, if the two CDMS events were 
WIMPs?

Assumptions:

➡110 kg x 1 year x 50% signal acceptance = 20’075 kg days exposure (WARP-140)

➡30 kg x 200 days x 50% signal acceptance = 3’000 kg days exposure (XENON100)
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1 5 events
5 10 events
10 20 events
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Motivation (II): progress 
in the last decade
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Components of DARWIN
• Detector infrastructure:

➡ cryostat and inner TPC vessel

➡ cryogenic systems

➡ liquid handling and purification

➡ HV systems

• Light readout

➡ photo detectors

➡ UV light collection

➡ light yield of low-energy NRs in LAr/LXe

• Alternative charge readout

➡ large area thick GEMS

➡ gaseous photomultipliers

➡ GridPix

• Electronics and DAQ

➡ low-noise electronics

➡ DAQ/trigger schemes

➡ common computing centre

• Underground site and shielding

➡ LNGS investigations

➡ ULISSE (LSM extension) investigations

➡ external backgrounds and shields

➡ coordination and supply of large amounts of 
liquid argon and xenon

• Material screening and backgrounds

➡ material screening 

➡ cryogenic purification

➡ database and MC simulations
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Structure of DARWIN
Work package title Lead participant

Management UZH, Switzerland (Laura Baudis)

Detector infrastructure Münster, Germany (Christian Weinheimer)

Light read-out INFN, Italy (Giuliana Fiorillo)

Alternative charge read-out ETHZ, Switzerland (Andre Rubbia)

Electronics and DAQ Subatech, France (Dominique Thers)

Underground and shielding 

infrastructure

Mainz, Germany (Uwe Oberlack)

Material screening and 

background modeling

MPIK, Germany (Hardy Simgen)

Science impact Nikhef, Netherlands (Patrick Decowski)
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Overall Physics Goals
5 t and 10 t of fiducial mass for 
LXe and LAr (to be optimized by 
this study!)

- raw BG: 0.1 mdru in LXe, with 99.9% 
rejection of ERs, based on the S2/S1-ratio 
(factor 100 better than current XENON100 
background of ~10 mdru)

- raw BG: 0.45 dru in LAr, with 108 
rejection of ERs, based on PSA and on the 
S2/S1-ratio (reduction of the 39Ar rate by a 
factor 25 relative to atmAr, corresp. to an 
activity of 40 mBq/kg for 39Ar)

- a NR acceptance of 50% for LXe and of 
80% for LAr

- thus, zero BG events (< 1 event) for the 
given exposure

Assumptions
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Time Schedule
January 2010

First general meeting (UZH)

WPs have been set up

Website (public and internal)

September 14-15, 2010

Second meeting (UZH)

Interim reports from WPs

September 2011

Third general meeting (Nikhef)

Technical report
September 2012

Fourth general meeting 

Final report

Technical Design Study
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Rough time schedule after 2012

2010 - 2012:   
R&D and Design Study

2013: Submission of LoI
engineering studies

2014 - 2015:   
Construction and commissioning

2016 - 2020:   
Operation, physics data

GERD
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Sensitivity comparison 
between LAr and LXe

the relative sensitivity depends highly on the energy threshold
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Complementarity 
between LAr and LXe
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5 ton years Xenon (50%)
10 ton years Argon (80%)
5 ton years Xenon (50%) + 10 ton years Argon (80%)

M = 50 GeV
Ar: 119 events
Xe: 348 events

M = 100 GeV
Ar: 141 events
Xe: 310 events

M = 500 GeV
Ar: 51 events
Xe: 85 eventsWIMP-nucleon 

cross section = 10-9 pb
1-sigma contours

M = 200 GeV
Ar: 102 events
Xe: 191 events
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DARWIN Website 
(darwin.physik.uzh.ch)

stay 

tuned...
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Backup slides
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XENON1t reach
XENON1T: Detector Overview

30

Ti Vessels

3” QUPID (121)  

PTFE

2400 kg of LXe

to Cooling tower and 
heat exchanger

cabling conduit

3” QUPID (121)

! Baseline design similar to XENON100 with 
improvements in different areas 

 
" lower radioactivity cryostat (Ti and Cu)

" lower radioactivity PMTs (QUPIDs)

" high efficiency heat exchanger: >98% 
achieved with Columbia setup 

" filling & recovery  in liquid phase 

! Design has been validated with detailed MC 
studies of internal/external background sources

! Capital cost ~ 8M$ shared equally between US 
and foreign groups

Tuesday, March 23, 2010
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