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Application for group membership in DARWIN 
 
                    
                   Dear Prof. Baudis 
   

With this letter I would like to apply for attaching my  group of experimental astroparticle 
physics of the Physics Department of Stockholm University to the DARWIN consortium. 
 
My group is currently one of the leading groups in indirect detection of dark matter, 
foremost active in the gamma-ray satellite Fermi Large Area Telescope, the Air Cherenkov 
Telescope H.E.S.S. II and preparations for the next generation Air Cherenkov Telescope 
Cherenkov Telescope Array (CTA).  The group consist of one (non-tenure-track) assistant 
professor, 3 postdocs and 2 PhD students, although at this point I would be formally the only 
member of DARWIN. Other groups in my department (IceCube and nuclear physics) have 
indicated interest in direct detection and might want to contribute to DARWIN.  

 
Traditionally Sweden has been very strong in indirect detection of dark matter with gamma- 
rays and neutrinos. We share department and corridor with one of the strongest 
phenomenology groups in the field (Lars Bergström and the developers of DarkSUSY), with 
whom my group is closely collaborating. We are part of the excellence cluster “Oskar Klein 
Centre” which comprises astronomy, particle physics and astroparticle physics groups 
representing a variety of  experimental and theoretical activities. 
 
Direct detection is a missing piece in our suite of tools attacking the dark matter problem 
and we have been investigating the possibility to join an activity for a while now, and the 
DARWIN projects strikes me as one of the most promising in terms of reach and feasibility.  

 
Envisaged contribution 
 
In terms of expertise, we could contribute with phenomenological/theoretical analysis   (see 
for example Yakrami et al. JCAP  1107 (2011) 022,  JCAP 1104 (2011), for two scoping 
studies which I suggested), and high-level statistical data analysis, I personally have worked 
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Request of TU Dresden to join DARWIN  
(
'
Dear Laura, 
'
Next generation noble gas detectors as studied within DARWIN are extremely interesting but 
challenging projects. A contribution and participation from my group at TU Dresden would 
complete my long term planning of activities and I believe we can offer some valueable 
contributions to DARWIN. 
 
We can offer various kinds of neutron sources, among them the most intense DD and DT 
generator in Europe. Measurements in collaboration UZH, Muenster and Mainz could be done 
to study light yields in LAr and LXe (WP3, TG3). As these mesurements are extremely 
important it might be worthwhile to do them twice at UZH and TU Dresden. 
 
Furthermore these sources will allow to measure radioisotope production in LXe/LAr of 
potential danger, even so they haven’t appeared in previous experiments. As highlighted in 
the report (WP8, TG1), the aim of DARWIN is to improve the sensitivity for dark matter 
significantly and especially reducing background by another order of magnitude with respect 
to experiments in the building up phase. This is a real challenge and new background sources 
might show up and have to be considered. We would like to explore parts of these by studying 
neutron reactions on Xe/Ar and also make a detailed study of solar neutrino background. 
Recently we published such a solar neutrino background study for double beta decay in 
Journal of Physics G. Doing solar neutrinos by myself for decades (GALLEX, SNO and 
SNO+) this is also of large personal interest for me. 
 
As part of the planned background improvement also material screening will be a major and 
time consuming task (WP6, TG3). Within this context we can offer the usage of the ultralow 
background Ge-detectors in the Felsenkeller Underground Laboratory for screening 
measurements within DARWIN.  
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University of Zurich 

Request to join the DARWIN Collaboration  

Dear Prof Baudis

Following our numerous informal discussions on the subject, I am writing to submit an official 
request to join the DARWIN Collaboration.

My research expertise lies in the development and application of advanced statistical 
techniques to complex data sets, both in cosmology and astroparticle physics. I am one of the 
leading proponents of astrostatistics as a new  discipline able to provide robust and insightful 
data-based answer to complex theoretical problems.  

I am interested in joining the DARWIN Collaboration with a view  to contributing to the 
development of the data analysis pipeline for the identification and characterization of  WIMP 
signals. In particular, I propose to design and implement a Bayesian data analysis pipeline for 
DARWIN, which promises superior capabilities in terms of  extracting a possible weak signal 
from a dominating background and a more accurate and robust modelling of  systematic 
errors. 

A fully Bayesian approach has never been applied to the analysis of  data from a direct 
detection experiment. The Bayesian and frequentist (e.g., profile likelihood) approaches can 
be seen as complementary: they ask different questions from the data, and in general, the 
results might differ. This is particularly to be expected in the case of  interest for discovery 
experiments such as DARWIN, where a high-dimensional parameter space (including 
parameters characterizing the signal, the background component, systematic effects and 

Imperial College of Science, Technology and Medicine                  

29 groups from 9 countries



The past: 2010 - 2013

Milestone 
number

Date Milestone Name Deliverable

0 January 2010 First general DARWIN meeting; discussions on the 
organisation of the work for each WP

Website (public and internal)

1 March 2010

(within 2010)

Postdocs hired: INFN, CH, F, Netherlands

WPs have been set up
2 September 2010 Second general DARWIN meeting: presentations and 

discussions of interim results for each WP
Online reports on the progress in all WPs 

(on Darwin internal site)
3 April (May) 2011 First year report Delivered to Aspera
4 September 2011 Third general DARWIN meeting: presentations of the 

technical report for each WP
Online reports on the progress in all WPs 

5 May 2012 Second year report

Publications of results in refereed journals

No second year report was required by Aspera

6 September 2012 Fourth general DARWIN meeting: presentations from each 
WP

Online reports on the progress in all WPs 

7 July 2013 Final report to Aspera Technical report: to be submitted by end of 2013

Funded through the first Aspera common call
Final report was submitted in summer 2013



Scientific merit

• Dark matter exists, and WIMPs are still excellent candidates for dark matter

• WIMP masses: 1 GeV - 100 TeV and cross sections: 10-40 - 10-50 cm2

• If a WIMP is discovered by a ton or multi-ton scale experiment, we must measure the recoil 
spectrum with high statistics, to extract the mass and cross section

➡ Dark matter identification: one of the highest science priorities

• Other physics: axion and ALP searches, double beta decay of 136Xe, low-energy solar 
neutrinos, coherent neutrino scattering



Dark matter experiments with strong European 
involvement

• Bolometers:

➡ current: CRESST, EDELWEISS

➡ future: EURECA (proposal, CDR), discussions with SuperCDMS towards > 100 kg

• Noble liquids: 

➡ current: ArDM, DarkSide-50, XENON100, and XENON1T (in construction)

➡ future: DarkSide5t (proposal), XENONnT (n=5-7, proposal), DARWIN (design study funded by 
ASPERA 2010-2013)

• Room temperature crystals:

➡DAMA/LIBRA, ANAIS (in construction)

• Directional: R&D, large detector(s) (1 ton CF4 at 50 torr for 10-46 cm2 ~ 16 x16 x16 m3) 
once there is a clear discovery

➡DMTPC, DRIFT, MiMAC 



Status of the field: LXe

• Recent results for SI interactions (LUX, Oct 2013), and XENON1T/XENONnT goals



Evolution of the WIMP-nucleon cross section2

Coherent Neutrino Scattering
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Figure 1. History and projected evolution with time of spin-independent WIMP-nucleon cross section
limits for a 50GeV WIMP. The shapes correspond to technologies: cryogenic solid state (blue circles), crystal
detectors (purple squares), liquid argon (brown diamonds), liquid xenon (green triangles), and threshold
detectors (orange inverted triangle). Below the yellow dashed line, WIMP sensitivity is limited by coherent
neutrino-nucleus scattering.

of material screening, radiopure passive shielding and active veto detectors, has resulted in projected
background levels of ⇠1 event/ton of target mass/year. Innovations in all of these areas are continuing, and
promise to increase the rate of progress in the next two decades. Ultimately, direct detection experiments
will start to see signals from coherent scattering of solar, atmospheric and di↵use supernova neutrinos.
Although interesting in their own right, these neutrino signals will eventually require background subtraction
or directional capability in WIMP direct detection detectors to separate them from the dark matter signals.

A Roadmap for Direct Detection

Discovery

Search for WIMPS over a wide mass range (1 GeV to 100 TeV), with at least an order of magnitude
improvement in sensitivity in each generation, until we encounter the coherent neutrino scattering signal

that will arise from solar, atmospheric and supernova neutrinos

Confirmation

Check any evidence for WIMP signals using experiments with complementary technologies, and also with
an experiment using the original target material, but having better sensitivity

Study

If a signal is confirmed, study it with multiple technologies in order to extract maximal information about
WIMP properties

R&D

Maintain a robust detector R&D program on technologies that can enable discovery, confirmation and
study of WIMPs.

Community Planning Study: Snowmass 2013

Snowmass CF1 Summary: WIMP
Dark Matter Direct Detection

Convenors: P. Cushman, C. Galbiati, D. N. McKinsey, H. Robertson, and T. M. P. Tait

D. Bauer, A. Borgland, B. Cabrera, F. Calaprice, J. Cooley, P. Cushman, T. Empl, R. Essig,
E. Figueroa-Feliciano, R. Gaitskell, C. Galbiati, S. Golwala, J. Hall, R. Hill, A. Hime, E. Hoppe, L. Hsu,

E. Hungerford, R. Jacobsen, M. Kelsey, R. F. Lang, W. H. Lippincott, B. Loer, S. Luitz, V. Mandic,
J. Mardon, J. Maricic, R. Maruyama, D. N. McKinsey, R. Mahapatra, H. Nelson, J. Orrell, K. Palladino,

E. Pantic, R. Partridge, H. Robertson, A. Ryd, T. Saab, B. Sadoulet, R. Schnee, W. Shepherd,
A. Sonnenschein, P. Sorensen, M. Szydagis, T. M. P. Tait, T. Volansky, M. Witherell, D. Wright, K. Zurek.

1 Executive Summary

Dark matter exists

It is now generally accepted in the scientific community that roughly 85% of the matter in the universe is
in a form that neither emits nor absorbs electromagnetic radiation. Multiple lines of evidence from cosmic
microwave background probes, measurements of cluster and galaxy rotations, strong and weak lensing and big
bang nucleosynthesis all point toward a model containing cold dark matter particles as the best explanation
for the universe we see. Alternative theories involving modifications to Einstein’s theory of gravity have not
been able to explain the observations across all scales.

WIMPs are an excellent candidate for the dark matter

Weakly Interacting Massive Particles (WIMPs) represent a class of dark matter particles that froze out of
thermal equilibrium in the early universe with a relic density that matches observation. This coincidence of
scales - the relic density and the weak force interaction scale - provides a compelling rationale for WIMPs as
particle dark matter. Many particle physics theories beyond the Standard Model provide natural candidates
for WIMPs, but there is a huge range in the possible WIMP masses (1GeV to 100 TeV) and interaction cross
sections with normal matter (10�40 to 10�50 cm2). It is expected that WIMPs would interact with normal
matter by elastic scattering with nuclei [1], requiring detection of nuclear recoil energies in the 1-100 keV
range. These low energies and cross sections represent an enormous experimental challenge, especially in
the face of daunting backgrounds from electron recoil interactions and from neutrons that mimic the nuclear
recoil signature of WIMPs. Direct detection describes an experimental program that is designed to identify
the interaction of WIMPs with normal matter.

Discovery of WIMPs may come at any time

Direct detection experiments have made tremendous progress in the last three decades, with sensitivity
to WIMPs doubling roughly every 18 months, as seen in Fig. 1. This rapid progress has been driven by
remarkable innovations in detector technologies that have provided extraordinary active rejection of normal
matter backgrounds. A comprehensive program to model and reduce backgrounds, using a combination

ar
X

iv
:1

31
0.

83
27

v2
  [

he
p-

ex
]  

3 
N

ov
 2

01
3

50 GeV

2

Coherent Neutrino Scattering

ÊÊÊÊÊ
Ê

ÊÊ

‡‡ ‡
‡

Ú

ÚÚÚ
Ú
Ú Á

Á

Ì
ÌÌ

Ì

Û
Û
Û

ı

1985 1990 1995 2000 2005 2010 2015 2020 2025

10-49
10-48
10-47
10-46
10-45
10-44
10-43
10-42
10-41
10-40

Year

s
SI
@cm

2 Dfo
ra
50
G
eV
êc2 W

IM
P

Evolution of the WIMP-Nucleon sSI

Figure 1. History and projected evolution with time of spin-independent WIMP-nucleon cross section
limits for a 50GeV WIMP. The shapes correspond to technologies: cryogenic solid state (blue circles), crystal
detectors (purple squares), liquid argon (brown diamonds), liquid xenon (green triangles), and threshold
detectors (orange inverted triangle). Below the yellow dashed line, WIMP sensitivity is limited by coherent
neutrino-nucleus scattering.

of material screening, radiopure passive shielding and active veto detectors, has resulted in projected
background levels of ⇠1 event/ton of target mass/year. Innovations in all of these areas are continuing, and
promise to increase the rate of progress in the next two decades. Ultimately, direct detection experiments
will start to see signals from coherent scattering of solar, atmospheric and di↵use supernova neutrinos.
Although interesting in their own right, these neutrino signals will eventually require background subtraction
or directional capability in WIMP direct detection detectors to separate them from the dark matter signals.

A Roadmap for Direct Detection

Discovery

Search for WIMPS over a wide mass range (1 GeV to 100 TeV), with at least an order of magnitude
improvement in sensitivity in each generation, until we encounter the coherent neutrino scattering signal

that will arise from solar, atmospheric and supernova neutrinos

Confirmation

Check any evidence for WIMP signals using experiments with complementary technologies, and also with
an experiment using the original target material, but having better sensitivity

Study

If a signal is confirmed, study it with multiple technologies in order to extract maximal information about
WIMP properties

R&D

Maintain a robust detector R&D program on technologies that can enable discovery, confirmation and
study of WIMPs.

Community Planning Study: Snowmass 2013

10 Direct Detection Program Roadmap 35
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Figure 22. History and projected evolution with time of spin-independent WIMP-nucleon cross section
limits for a 5GeV WIMP. The shapes correspond to technologies: cryogenic solid state (blue circles), crystal
detectors (purple squares), liquid argon (brown diamonds), liquid xenon (green triangles), and threshold
detectors (orange inverted triangle). The brown and blue rectangular shaded regions indicate classes of
theoretical models which have been, or will be challenged by direct detection results. Below the yellow
dashed line, WIMP sensitivity is limited by coherent neutrino-nucleus scattering.
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Figure 23. History and projected evolution with time of spin-independent WIMP-nucleon cross section
limits for a 5TeV WIMP. Technology is coded as in Fig. 22.

to tag neutron-induced events, reducing the dependence on the accuracy of Monte Carlo simulations, is one
example of such robust background estimates. In general, the more data outside the signal region can be used
to constrain backgrounds, the more robust the background estimate. Ultimately, measurements of all known
processes that may mimic a signal are desired since estimations based on extrapolations or simulations may
not be accurate, especially for rare processes.

Community Planning Study: Snowmass 2013
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to tag neutron-induced events, reducing the dependence on the accuracy of Monte Carlo simulations, is one
example of such robust background estimates. In general, the more data outside the signal region can be used
to constrain backgrounds, the more robust the background estimate. Ultimately, measurements of all known
processes that may mimic a signal are desired since estimations based on extrapolations or simulations may
not be accurate, especially for rare processes.

Community Planning Study: Snowmass 2013
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Status of the field: LXe (Europe)

• XENON1T well under construction at LNGS, and XENONnT is planned/proposed

  

Levelmeters

cables

leveling system

TPC is made of various sub-components, addressed by various groups

Overview

XENON1T outer 
cryostat and Xe 
storage system 
such that up to 
several tons of Xe 
can be 
accommodated 
in XENONnT



Status of the field: LAr (Europe)

• DarkSide-50 (operating), ArDM (commissioning) and DarkSide-5t (proposed)

DarkSide 50june 27, 2013 p. 21

Darkside 5000

● R&D and engineering for ton-scale experiment 
"DS G2" with 5t liquid Argon (active volume) and 
a sensitivity of 2·10-47 cm2

● reuse same neutron veto + water Cherenkov veto

Introduction Rate modulation Bolometers Noble gases Others

Next LAr detectors

Dark Side-50 at LNGS in Italy
Two phase TPC: 50 kg active mass (33 kg FV)
Depleted argon to reduce 39Ar background
Currently commissioning the LAr detector
! first light and charge signals observed
Physics run expected for fall 2013

DEAP - Dark matter Experiment with Argon
and Pulse shape discrimination

3 600 kg LAr in single phase at SNOlab
Aim to use depleted argon
Status: in construction

* Also CLEAN detector (LAr or LNe) at SNOLab

Lukas Epprecht June 11th 2011

LAr-TPCs: Scale up

33

3l Setup 
@ CERN

(R&D charge 
readout)

P32 @ JParc

(~0.4 t LAr; 
Pi-K test 
beam)

3l Setup @ CERN
(R&D charge readout)

ArDM @ CERN 
--> LSC

(~1t LAr; 
Greinacher HV-

Devise, large 
area readout, 

purification, ...)

ArgonTube 
@ Bern

(long drift up 
to 5 m,

HV-system, 
purity)

6m3 @ CERN

(R&D toward non 
evacuated vessels, 
charged particle 

test beam exposure 
in 2012)

1 kton @ CERN

(full engineering 
demonstrator 

towards very large 
LAr-detectors with 
stand alone short 
baseline physics 

program)



Update on DARWIN (possible) detector design 
(LXe part)

• TPC: 2 m drift, PTFE 
walls with Cu field rings

➡ 5 grids

➡ HV ~ 100-200 kV

• 3-inch PMTs

➡ 397 top

➡ 475 bottom

• 4-inch PMTs

➡ 207 top

➡ 253 bottom

3-inch PMTs 4-inch PMTs

~ 21 t LXe ~ 21 t LXe

~ 2m



New 4-inch PMTs by Hamamatsu?

Development Plan 
of 4-inch PMT

for Dark Matter Experiments

1

Department #6

Electron Tube Division

Hamamatsu Photonics

Nov.  13 2013

CONFIDENTIAL

Drawing of 4-inch PMT

CONFIDENTIAL 2

Diameter: 104 mm
Effective Area: 91 mm

Tube Length: 130 mm

400 nm

175 nm

These parts are common for 3” and 4”.

These parts have to
be prepared newly.

Development Plan 
of 4-inch PMT

for Dark Matter Experiments

1

Department #6

Electron Tube Division

Hamamatsu Photonics

Nov.  13 2013

CONFIDENTIAL



DARWIN cryostat in XENON1T water tank

3.650 m

2.038 m

3.058 m



Backgrounds

• From detailed MC simulations (see talk by A. Kish)

• Dominated by solar neutrinos and 2-neutrino double beta decays

• Assumptions: 0.1 ppt of natKr, 0.1 µBq/kg 222Rn

arXiv:1309.7024

http://xxx.lanl.gov/abs/1309.7024
http://xxx.lanl.gov/abs/1309.7024


Backgrounds and WIMPs

• A WIMP with a mass of 40 GeV (100 GeV) and sigma=2x10-48 cm2 (2x10-47 cm2) is well 
above the solar neutrino background

• A WIMP with a mass of 6 GeV and sigma=4x10-45 cm2 has a similar rate as 8B neutrinos 

arXiv:1309.7024

http://xxx.lanl.gov/abs/1309.7024
http://xxx.lanl.gov/abs/1309.7024


Available parameter space for WIMPs
Spin-Independent Cross Section: Current Experiment Results

so far: ~3 years / order of magnitude
RHUL   Jocelyn Monroe                                                                                                                   October 15, 2013



Available parameter space for WIMPs



DARWIN and UED
24

FIG. 8: Combined plot of the direct detection limit on the spin-independent cross section, the limit from
the relic abundance and the LHC reach for (a) �1 and (b) Z1, in the parameter plane of the LKP mass and
the mass splitting �q1 . The remaining KK masses have been fixed as in Ref. [224] and the SM Higgs mass
is mh = 125GeV. ⇤R = 20 is assumed. The black solid line accounts for all of the dark matter (100%)
and the two black dotted lines show 10% and 1%, respectively. The green band shows the WMAP/Planck
range, 0.117 < ⌦CDMh2 < 0.1204. The blue (red) solid line labelled by CDMS (XENON100) shows the
current limit of the experiment whereas the dashed and dotted lines represent projected limits of future
experiments. In the case of �1 LKP, a ton-scale experiment will rule out most of the parameter space while
there is little parameter space left in the case of Z1 LKP. The yellow region in the case of �1 LKP shows
parameter space that could be covered by the collider search in the 4` + /ET channel at the LHC with a
luminosity of 100 fb�1 [223]. (Figures taken from [221].)
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or muons) arise from the Z
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decay, whose branching fraction is approximately 1/3 [223].
Requiring a 5� excess at a luminosity of 100 fb�1, the LHC reach extends up to R�1 ⇡ m�1 ⇠ 1.5
TeV, which is shown as the right-most boundary of the (yellow) shaded region in Fig. 8a. The
slope of that boundary is due to the fact that as �q1 increases, so do the KK quark masses, and
their production cross sections are correspondingly getting suppressed, diminishing the reach. We
account for the loss in cross section according to the results from Ref. [227], assuming also that,
as expected, the level-2 KK particles are about two times heavier than those at level 1. Points
which are well inside the (yellow) shaded region, of course, would be discovered much earlier at
the LHC. Notice, however, that the LHC reach in this channel completely disappears for �q1 less
than about 8%. This is where the KK quarks become lighter than the Z

1

(recall that in Fig. 8a
mZ1 is fixed according to the MUED spectrum) and the q

1

! Z
1

decays are turned o↵. Instead,
the KK quarks all decay directly to the �

1

LKP and (relatively soft) jets, presenting a monumental
challenge for an LHC discovery. So far there have been no studies of the collider phenomenology
of a Z

1

LKP scenario, but it appears to be extremely challenging, especially if the KK quarks are
light and decay directly to the LKP. This is why there is no LHC reach shown in Fig. 8b. We draw
attention once again to the lack of sensitivity at small �q1 : such small mass splittings are quite
problematic for collider searches. The current LHC exclusion limit (95% C.L. at 8 TeV) on R�1

is about 1250 GeV for ⇤R = 20 [226]. and this is shown as the dotted (cyan) line. The horizontal
line at �q1 ⇠ 0.2 is the average mass splitting in MUED. To indicate roughly the approximate
boundary of the excluded region, the slanted line around 1 TeV is added, assuming the shape of
the boundary is similar to that for the LHC14 reach.
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News from APPEC

• First SAC meeting took place in Paris, October 2013

• APPEC Horizon2020 meeting at DESY/Zeuthen in November 2013

• Information about funding possibilities and future calls

• First call is to be issued December 11

Excellent Science 
31,73% i.e. 22,27 B 
euros 

• A: Marie ��Ï������� ��������������ȋ����Ȍ 
• Bǣ�	�����������������ȋ���Ȍ� 
• Cǣ���������������������������ȋ�ȤȌ 
• Dǣ�	��������������������������������ȋ	��Ȍ 

              



News from APPEC

• Proposed funding, 2014 - 2020, in million Euro
1st pillar excellent science 

currently rate of 
success: 15%

ITN deadline April 
2014, 350 ME, rate 
of success: 10%

INFRADEV design 
studies,  Sept 
2014, 15 ME



European Research Council (ERC)

• Starting Grant, researchers 2-7 years after award of PhD

• Consolidator Grant, for researchers 7 - 12 years after PhD

• Advanced Grant, for established researchers

• Program duration: 2014 - 2020, 7 years

➡ we should consider ERC funding within DARWIN



Research Infrastructures

• RI: the EC considers not only major scientific equipment to be RI but also includes sets of 
instruments, knowledge-based resources such as archives, databases etc, and enabling e-
Infrastructures (grids, computing, software, communication infrastructure)

• Support for new infrastructures is normally limited to the planning phases of new 
infrastructures of pan-European interest identified by the “European Strategy Forum for 
Research Infrastructures” (ESFRI)

• Program duration: 2014 -2020, 7 years; one call per year is expected

• Example of funded projects: Laguna-LBNO design study, ET design study etc (http://
ec.europa.eu/research/infrastructures/index_en.cfm?pg=design_studies_fp7)

http://ec.europa.eu/research/infrastructures/index_en.cfm?pg=design_studies_fp7
http://ec.europa.eu/research/infrastructures/index_en.cfm?pg=design_studies_fp7
http://ec.europa.eu/research/infrastructures/index_en.cfm?pg=design_studies_fp7
http://ec.europa.eu/research/infrastructures/index_en.cfm?pg=design_studies_fp7


Horizon2020 funding opportunities

• 1. MSCA (Marie Sklodowska Curie Actions): ITN underground lab, deadline is April 2014

• 2. Design study for ESFRI: DARWIN? deadline is September 2014

• If we go ahead with 2, in which form?

• Suggested structure of DARWIN for such a proposal, emerging from the old structure

➡ we will need to define WP and TG leaders



WP1: detector and infrastructure

• Underground infrastructure

• Cryostat and cryostat support

• TPC structure, field cage

• Grid electrodes, HV and HV feedthroughs



WP2: liquid target

• Cooling system

• Purification system (for electronegative impurities)

• Multi-ton gas storage system

• Emergency recovery



WP3: signal detection (light and charge)

• PMTs and alternative photosensors

• Alternative charge readout

• Cold electronics

• Connectors, cables, feedthroughs



WP4: signal readout

• DAQ systems (signal amplification, digitization, warm electronics)

• Trigger and veto systems

• Data storage, handling, processing



WP5: Calibration

• Light calibration (LED + fiber system) and stability monitoring

• ER + NR band calibration

• Energy calibration

• Ly and Qy measurements, monoenergetic lines as anchor points



WP6: background

• Kr assay and removal system

• Rn assay and removal system

• Material screening (HPGe, ICP-MS, NAA) and Rn emanation

• Shield: mechanical aspects, water Cherenkov shield, liquid scintillator



7. Science

• MC simulations: backgrounds, light collection efficiency, signal modeling

• Sensitivity studies (WIMPs, axions and ALPs, neutrino channels)

• Statistical sensitivity analyses including astrophysical, nuclear uncertainties



DARWIN time schedule

2014 - 2018

Design studies

end 2014: proposal for design study
2015 - 2018
2018: CDR 2018 - 2020

Engineering studies

2018-19: demonstrators at home institutions
2020: TDR, proposals

2020 - 2030

Construction, commissioning, science run

2020: construction/integration at UL
2021: commissioning
2022: physics runs

2010 - 2013

First R&D phase, Aspera funded

June 2013: Aspera final report



DARWIN costs example (LXe part)

Item Total costs [in 106 CHF]

Photosensors, 1000 7.0

Xenon, 30 t 22.5

Detector (TPC, grids, HV) 1.5

Cryostat 4.5

Cryostat support 0.5

Cherenkov shield 0.5

Water tank 0.4

Xenon storage 1.6

Infrastructure 1.4

Electronics, DAQ, cables 1.8

Calibration system 0.3

Slow control 0.3

Screening (HPGe, ICP-MS) 0.4

LXe purification (Rn, Kr) 1.5

Demonstrator vertical (drift, HV) 0.5

Demonstrator horizontal (grids) 0.5

Sum 54.2



End



DARWIN recommended by ApPEC

Astroparticle Physics for Europe 

26. 

ApPEC 
ASPERA Recommendations WIMP Dark Matter 

 With the advent of the LHC and thanks to a new generation of astroparticle experiments using 
direct and indirect detection methods, the  SUSY -WIMP dark matter hypothesis will be proven 
or disproven within the next 5-10 years.  

 Stormy progress of LXe technology. XENON100 with record limits. XENON1T under construction. 
 LAr technology attracts new interest using argon depleted in 39Ar. Potential of technology will be 

demonstrated by DarkSide-50 (50 kt, LNGS, end 2012). 

 SAC recommends that DARWIN (target mass of noble liquids up to 10-20 tons) is 
pursued and supported. Choice of double-target options after demonstration of 
LAr capabilities.                                                                                                                                     
Other potential capabilities of DARWIN: solar  in real time, 0 decay with 136 Xe. 

 Bolometric approach remained (nearly) competitive with noble liquids in sensitivity. EDELWEISS 
(Ge), CRESST (CaWO4 ).  CDMS in US. Need cross-check of possible signals in noble liquids! 

 SAC supports development of EURECA (~1 ton sensitive mass) and the on-going 
cooperation with the CDMS follow-up projects. 

 SAC supports R&D on directional detection, as a confirmation of the galactic character of 
potential positive detection by high-density target detectors 

 SAC supports improving DAMA/LIBRA w.r.t. lower threshold and lower background to better 
understand the modulation. Fully independent experiment of same/similar technology is crucial. 

 

Astroparticle Physics for Europe 

1. 

ApPEC 
ASPERA 
ApPEC 
ASPERA 

Christian Spiering, DESY          
 

Open Symposium  
European Strategy Preparatory Group 
Krakow, Sept. 11, 2012 

Status and Vision 



DARWIN on the Swiss CHIPP Roadmap
• The roadmap was also considered as a basis for the Swiss input to CERN‘s European 

Strategy and to ApPEC

• CHIPP signed the new ApEC MoU - in fact, SNF signed for CHIPP

Recommendation 6 – Direct and Indirect Dark 
Matter Detection
CHIPP recommends that the necessary re-
sources be provided for the construction, 
maintenance, operation and physics exploita-
tion of the present generation XENON100, 
 XENON1T and ArDM experiments for the direct 
detection of Dark Matter. The construction and 
operation of the DARWIN multi-ton Dark Matter 
search facility should receive an appropriate 
Swiss contribution. 

CHIPP also recommends adequate sup-

• Switzerland is now member of ApPEC: the ApPEC Secretary General has countersigned the document 
on behalf of ApPEC, just two weeks after the signing of the accession document by the Swiss 
National Science Foundation SNSF. This new membership is pleases in particular the ApP community 
within CHIPP, who has asked for this step in a Resolution(accepted by the CHIPP Board on 7 
September 2013).

http://www.chipp.ch/documents/ApPEC_AccessionCH_signed_2parties_JAN2013.pdf
http://www.chipp.ch/documents/ApPEC_AccessionCH_signed_2parties_JAN2013.pdf
http://www.chipp.ch/documents/reso_item8_ApPEC-Membership_Board2012-03.pdf
http://www.chipp.ch/documents/reso_item8_ApPEC-Membership_Board2012-03.pdf


CH has signed the new ApPEC MoU



News on FLARE (in CH)

• New SNF funding line for large 
infrastructure in astroparticle 
and particle physics

• In CH: CTA, DARWIN, LAGUNA

• Construction money will only 
be available starting in 2015

• We have submitted an LoI in  
November 15, 2012

• Results will be announced in 
the second half of March 2013



News from ASPERA/ApPEC

Dear Laura,

We just got started with the new APPEC. In total we are 13 partners including SNSF from Switzerland. 
You may have seen the press release of SNSF on joining APPEC. Some days ago we had the 
LAGUNA-LBNO community at DESY. I gave a presentation on what APPEC is doing and what the large
projects can expect from APPEC. For the meeting starting tomorrow I will not be able to come to LNGS. 
But perhaps next time?

We have envisaged to do a reviewing of all large ApP projects. Details are not decided yet. At some 
point we may have a look at DARWIN, perhaps not in 2013. And in the first half of November we plan to 
do a large meeting for the whole community to inform and organize proposals for Horizon2020.

Best regards,
Thomas 

------------------------------------------------------------------------
Dr. Thomas Berghoefer                  
ASPERA-2 Coordinator
Projekttraeger DESY                     Deutsches Elektronen Synchrotron
phone:  +49-40-8998-2537                                    Notkestr. 85
fax:    +49-40-8994-3702                                   22607 Hamburg
e-mail: thomas.berghoefer@desy.de                                Germany
skype: tberghoefer
------------------------------------------------------------------------

mailto:thomas.berghoefer@desy.de
mailto:thomas.berghoefer@desy.de


Update: time planning
Milestone 
number

Expected 
Date

Milestone Name Deliverable

0 January 
2010

First general DARWIN meeting; discussions 
on the organisation of the work for each WP

Website (public and internal)

1 March 2010

(within 2010)

Postdocs hired: INFN, CH, F, Netherlands

WPs have been set up
2 September 

2010
Second general DARWIN meeting: 
presentations and discussions of interim 
results for each WP

Online reports on the progress in all WPs 

(on Darwin internal site)

2a April (May) 
2011 

First year report

3 September 
2011

Third general DARWIN meeting: 
presentations of the technical report for 
each WP

Online reports on the progress in all WPs 

3a May 2012 Second year report

Publications of results in refereed journals

Technical report

4 September 
2012

Fourth general DARWIN meeting: 
presentations from each WP

Online reports on the progress in all WPs 

4a End of May 
2013 

Final report Technical Design Study -> change to CDR

We will discuss later today - we will submit a final report at the end of May 2013, and a CDR by 
the end of this year?



• Executive Board: responsible for assuring the day-to-day follow-up of the program; consists of the project coordinator 
and the leaders of the eight work packages. Responsible for implementing the design study work packages tasks. 

• L. Baudis,  P. Decowski, G. Fiorillo,  A. Rubbia, H. Simgen,  D. Thers, C. Weinheimer

➡ deliverables: one report per year, of all the activities -> we will write the final report due end of May

• Project Management Group: Responsible for all management decisions of the consortium, for the approval of all 

documents and for the dissemination of information.  Responsible for the communication and submission of financial reports to the 
participating national funding agencies. Responsible for monitoring and reviewing the performed work and progress and for 
implementing corrective actions where necessary. 

• C. Amsler, E. Aprile, K. Arisaka, L. Baudis,  A. Breskin, P. Decowski, G. Drexlin, G. Fiorillo,  C. Galbiati, 
L.M. Krauss, R. Lang, M. Lindner,  U. Oberlack, A. Rubbia, M. Schumann, D. Thers, R. Trotta, C. 
Weinheimer, K. Zuber

➡ we meet every few months (via skype)

➡ we also meet in person during the DARWIN general meetings

➡ new addition: Rafael Lang, Purdue, Marc Schumann, U Bern, Roberto Trotta, Imperial London 

Update on WP1



DARWIN dark matter sensitivity

• For a 50 GeV WIMP - a few x 10-48 cm2

~ 1 event kg-1 year-1

~ 1 event ton-1 year-1

~ 1 event (100 kg)-1 year-1

~ 1 event (10 kg)-1 year-1



New WPs

• TPC and high-voltage

• Cryostat; cooling, recirculation and storage system

• Signal detection (light and charge)

• DAQ, electronics, trigger, data handling

• Calibration (energy, ER + NR bands, monitoring, Ly and Qy measurements, etc)

• Backgrounds (measurements, MC, Kr, Rn removal, veto systems, low-background 
materials)

• Science impact



Organization of WP2 
(Detector Infrastructure)

• WP coordinator: C. Weinheimer, Münster

• Task Group Coordinators:

➡ TG1 (cryostat and inner vessel): Marc Schumann, Bern + Biaggio Rossi, Naples/Princeton

➡ TG2 (cryogenic systems): Biaggio Rossi, Naples/Princeton (Flavio Cavanna , L’Aquila?) + Wan-
Ting Chen, Subatech

➡ TG3 (liquid handling etc): Christian Weinheimer, Münster

➡ TG4 (HV systems etc): Uwe Oberlack, Mainz + Guido Drexlin, Karlsruhe Institute of Technology



Organization of WP3 
(Light Readout)

• WP coordinator: G. Fiorillo, INFN, Napoli

• Task Group Coordinators:

➡ TG1 (Photo detectors): Teresa Marrodan, MPI-K

➡ TG2 (UV light collection): Ettore Segreto

➡ TG3 (Light yield of low-energy NRs in LAr/LXe): Christian Regenfus, UZH 



Organization of WP4 
(Alternative Charge Readout) - Micropatterns

• WP coordinator: A. Rubbia, ETH Zürich, (A. Breskin, WIS ?)

• Task Group Coordinators:

➡ TG1 (large area thick GEMs): Alessandro Curioni, ETHZ

➡ TG2 (Gaseous PMs): Lior Arazi, WIS 

➡ TG3 (GridPix): Matteo Alfonsi, Nikhef 



Organization of WP5 
(Electronics, DAQ)

• WP coordinator: D. Thers, Subatech

• Task Group Coordinators:

➡ TG1 (Low-noise electronics etc): somebody from LNGS? Francesco Pietropaolo, CERN

➡ TG2 (DAQ schemes): Marc Schumann, Bern 

➡ TG3 (Computing Centre): Jean-Pierre Cussonneau, Subatech



Organization of WP6 
(Underground site, shielding)

• WP coordinator: Uwe Oberlack, Mainz

• Task Group Coordinators:

➡ TG1 (LNGS investigations): Flavio Cavanna, L’Aquila

➡ TG2 (ULISSE investigations): Luca Scotto Lavina, Subatech

➡ TG3 (SunLAB investigations): on hold, Polish groups may become active later on (?)

➡ TG4 (backgrounds and shields): somebody from Milano; Francesco Arneodo, LNGS + 

➡ TG5 (coordination and supply of large LAr/LXe quantities): C. Galbiati (Alessandro Curioni, 
ETHZ)



Organization of WP7 
(Material Screening, Backgrounds)

• WP coordinator: Hardy Simgen, MPIK Heidelberg

• Task Group Coordinators:

➡ TG1 (Simulations of backgrounds from target and detectors impurities):  Alfredo Ferella, 
LNGS -> moved to science impact

➡ TG2 (Database): Patrick Decowski, Nikhef

➡ TG3 (Material Screening): Alfredo Ferella, LNGS

➡ TG4 (Cryogenic Purification): Hardy Simgen, MPIK

➡ TG5 (Active vetoes):  Paolo Lombardi, Milano



Organisation of WP8 
(Science Impact)

• WP coordinator: P. Decowski, Nikhef

• Task Group Coordinators:

➡ TG1 (Scientific performance of the detector): Aaron Manalaysay, UZH

➡ TG2 (Complementarity between indirect, direct and accelerator searches): Manfred Lindner, 
MPIK 

➡ TG3 (Impact on Astrophysics): Lawrence Krauss, ASU

➡ TG4 (Simulations of backgrounds from target and detectors impurities):  Andrey Aleksandrov 
(Naples), Alfredo Ferella (and Alex Kish), UZH


