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Topics of discussion

• Underground laboratories

• Dark matter experiments

• Double beta decay searches



Glossary

• MSCA: Marie Sklodowska-Curie actions

• FETs: future and emerging technologies

• RI: research infrastructure

• ERC: European Research Council

• SMEs: Small and Medium-Sized Enterprises 

• ESFRI: European Strategy Forum on Research Infrastructure

• LEIT: Leadership in Enabling and Industrial Technologies

• I3: Integrated infrastructure (example, old ILIAS)

• PP: priority program



WIMP detectors, world wide
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WIMP parameter space

Spin-Independent Cross Section: Current Experiment Results

so far: ~3 years / order of magnitude
RHUL   Jocelyn Monroe                                                                                                                   October 15, 2013
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the NR mean, for the search dataset. The spatial
distribution of the events matches that expected from the
ER backgrounds in full detector simulations. We select
the upper bound of 30 phe (S1) for the signal estimation
analysis to avoid additional background from the 5 keV

ee

x-ray from 127Xe.
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FIG. 4. The LUX WIMP signal region. Events in the 118 kg
fiducial volume during the 85.3 live-day exposure are shown.
Lines as shown in Fig. 3, with vertical dashed cyan lines
showing the 2-30 phe range used for the signal estimation
analysis.

Confidence intervals on the spin-independent WIMP-
nucleon cross section are set using a profile likelihood
ratio (PLR) test statistic [35], exploiting the separation
of signal and background distributions in four physical
quantities: radius, depth, light (S1), and charge (S2).
The fit is made over the parameter of interest plus three
Gaussian-constrained nuisance parameters which encode
uncertainty in the rates of 127Xe, �-rays from internal
components and the combination of 214Pb and 85Kr.
The distributions, in the observed quantities, of the four
model components are as described above and do not
vary in the fit: with the non-uniform spatial distributions
of �-ray backgrounds and x-ray lines from 127Xe obtained
from energy-deposition simulations [31].

The energy spectrum of WIMP-nucleus recoils is
modeled using a standard isothermal Maxwellian velocity
distribution [36], with v

0

= 220 km/s; v

esc

= 544 km/s;
⇢

0

= 0.3 GeV/c

3; average Earth velocity of 245 km s�1,
and Helm form factor [37, 38]. We conservatively model
no signal below 3.0 keV

nr

(the lowest energy for which
direct NR yield measurements exist [30, 40]). We do
not profile the uncertainties in NR yield, assuming a
model which provides excellent agreement with LUX
data (Fig. 1 and [39]), in addition to being conservative
compared to past works [23]. We also do not account
for uncertainties in astrophysical parameters, which are
beyond the scope of this work. Signal models in S1 and S2
are obtained for each WIMP mass from full simulations.
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FIG. 5. The LUX 90% confidence limit on the spin-
independent elastic WIMP-nucleon cross section (blue),
together with the ±1� variation from repeated trials, where
trials fluctuating below the expected number of events for
zero BG are forced to 2.3 (blue shaded). We also show
Edelweiss II [41] (dark yellow line), CDMS II [42] (green line),
ZEPLIN-III [43] (magenta line) and XENON100 100 live-
day [44] (orange line), and 225 live-day [45] (red line) results.
The inset (same axis units) also shows the regions measured
from annual modulation in CoGeNT [46] (light red, shaded),
along with exclusion limits from low threshold re-analysis
of CDMS II data [47] (upper green line), 95% allowed
region from CDMS II silicon detectors [48] (green shaded)
and centroid (green x), 90% allowed region from CRESST
II [49] (yellow shaded) and DAMA/LIBRA allowed region [50]
interpreted by [51] (grey shaded).

The observed PLR for zero signal is entirely consistent
with its simulated distribution, giving a p-value for the
background-only hypothesis of 0.35. The 90% C.L.
upper limit on the number of expected signal events
ranges, over WIMP masses, from 2.4 to 5.3. A variation
of one standard deviation in detection e�ciency shifts
the limit by an average of only 5%. The systematic
uncertainty in the position of the NR band was estimated
by averaging the di↵erence between the centroids of
simulated and observed AmBe data in log(S2b/S1). This
yielded an uncertainty of 0.044 in the centroid, which
propagates to a maximum uncertainty of 25% in the high
mass limit.

The 90% upper C. L. cross sections for spin-
independent WIMP models are thus shown in Fig. 5
with a minimum cross section of 7.6⇥10�46 cm2 for a
WIMP mass of 33 GeV/c2. This represents a significant
improvement over the sensitivities of earlier searches [42,
43, 45, 46]. The low energy threshold of LUX permits
direct testing of low mass WIMP hypotheses where
there are potential hints of signal [42, 46, 49, 50].
These results do not support such hypotheses based

LUX result, Oct 30, 2013Overview of results before 
Oct 30, 2013  and 
neutrino backgrounds



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)

• Room temperature crystals:

➡DAMA/LIBRA, ANAIS (in construction)

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

➡DMTPC, DRIFT, MiMAC 



Double beta detectors, world wide
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Double beta decay: isotopes and reach

Klapdor’s claim
100-1000 counts/y/ton

0.5-5 counts/y/ton
20 meV

0.1-1 counts/y/(100 ton)
1 meV

Figures by A. Giuliani, Oct 2013

Primary goal of searches: test the nature of neutrinos (Majorana vs. Dirac)

Could also deliver information on effective Majorana neutrino mass



Double beta experiments with strong European 
involvements

• Crystals/calorimeters:

➡ CUORE: 130Te in TeO2 

➡ GERDA: 76Ge in HPGe (MoU with Majorana for larger, ≥ 100 kg, experiment), SILENT study 
funded by ASPERA

➡ LUCIFER: 82Se, in ZnSe -> ERC funding

➡ LUMINEU: 100Mo in ZnMoO4

➡COBRA: 130Te, 116Cd in CdZnTe

• Noble gases (tracker + calorimeter):

➡ NEXT: 136Xe HP gas -> ERC funding

• Think foil/tracker

➡ SuperNEMO demo: 82Se, or 150Nd, or 48Ca as thin foils

• Scintillator: SNO+: 130Te loaded in scintillator; Borexino loaded with 136Xe (?)



Some common issues in direct dark matter and 
double beta decay searches

• Low radioactivity tracing

• Materials of extreme radiopurity

• Photodetectors

• Cryogenic detectors, bolometers

• Underground infrastructures

• Gas/liquid purification techniques

• Enrichment/depletion processes



Questions we were asked to consider

1) Will we do a MSCA and of which type (ITN, COFUND, RISE) and which perimeter? 

ITN underground lab; possibly ITN on dark matter, ITN on double beta decay

2) Can we propose a design study (for a “world class research infrastructure”, INFRADEV 
1-2014)?

     Large noble liquid detector: but as a multi-purpose facility (dark matter, solar neutrinos, solar 
axions, double beta, other?) -> does it qualify as an ESFRI?

3) Is there a present/future ESFRI link?existing PP, implementation?

Underground lab proposal for 2016 roadmap

4) Can we propose an I3 beyond GW, UL

Dark matter/double beta decay synergies

5) Can we participate in an RI cluster?

No



Questions we were asked to consider

6) Can we bid to an e-infrastructure? (calls 1 and 9)

No

7) Can we apply for FETs, LEITs, societal challenge R&D?

Any ideas?

8) What are the global aspects of our research?

NFRASUPP-6 - 2014 – INTERNATIONAL COOPERATION FOR RESEARCH, INFRASTRUCTURES (7 M)

9) What are the R&D themes that an ERANET+ could support?

Dark matter, double beta decay, synergies (our suggestions)



ITN UG lab proposal

• Deadline is April 2014

• 4 underground labs (Boulby, Canfranc, Gran Sasso, Modane)

➡+ other full partners (proposals to be submitted to the lab directors + Ino)

➡+ associate partners

➡+ industrial partners

• Immediate actions:

➡ invite colleagues to submit proposals

➡prepare document to send around to the community next week



Existing dark matter + neutrino ITN

www. invisibles.eu


