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DARWIN-LXe General Goals

• Build a dark matter detector capable of exploring the experimentally accessible parameter 
space for WIMP dark matter


• Base this detector on a TPC filled with Xe in its liquid form, a concept successfully proven 
by the ZEPLIN, XENON, PandaX, and LUX programs 


• Reach a low energy threshold and an absolute ultra-low background, and probe a 
variety of physics channels

LUX

DARWIN-LXeXENONnT

XENON100

XENON1T

SuperCDMS/EURECA

LZ
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DARWIN-LXe Science Goals: Overview

• Probe WIMP-nucleon interactions for WIMP masses above 6 GeV/c2 

• via spin-independent, spin-dependent and inelastic interactions


• probe even lower WIMP masses by using the charge signal alone


• Look for signatures of DM scattering off electrons 

• Detect solar neutrinos: pp-neutrinos via nu-e scattering, 8B coherent nu scattering 

• Search for the neutrinoless double beta decay in 136Xe


• Probe interaction of solar axions and axion-like particles, via the axio-electric effect


• Probe sterile neutrinos with masses in the > 10 keV range 

• Probe bosonic SuperWIMPs via their absorption by Xe atoms
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DARWIN-LXe TPC baseline concept

• 30-50 tons LXe in total


• ~ few  x 103 photosensors


• >2 m drift length


• >2 m diameter TPC


• PTFE walls with Cu field shaping rings


• Background goal: dominated by 
neutrinos
3" R11410 photomultipliers

Low radioactivity photosensor for XENON1T

Component Radioactivity
238

U < 10 mBq/PMT
228

Th ⇠ 0.5 mBq/PMT
226

Ra ⇠ 0.6 mBq/PMT
235

U ⇠ 0.3 mBq/PMT
60

Co ⇠ 0.8 mBq/PMT
40

K ⇠ 12 mBq/PMT

XENON collaboration, arxiv:1503.07698

High QE: ⇠ 35 % at 175 nm
for a low energy threshold
⇠ 90% collection efficiency
Gain average @1500 V: 5⇥106

Teresa Marrodán Undagoitia (MPIK) PMTs München, 04/2015 9 / 19

DARWIN photosensors

Several photosensors being considered:

PMTs: improved 4 inch version of
R11410/R11065 currently under
development @ Hamamatsu
See talk Yuji Hotta, UCLA DM2014

SiPMs: large areas necessary
See talk by G. Fiorillo

GPMs: gaseous photomultipliers
See talk by L. Arazi

Hybrid tubes, SIGHT: Photocathode + APD

Teresa Marrodán Undagoitia (MPIK) PMTs München, 04/2015 17 / 19

3-inch PMT, R11410-21 4-inch PMT

160 kg

3 tons

30-50 tons
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Science reach: WIMP physics with xenon

Probe WIMP-Xe interactions via: 

• spin-independent elastic scattering: 124Xe, 126Xe, 128Xe, 129Xe, 130Xe, 131Xe, 132Xe (26.9%), 134Xe (10.4%), 136Xe (8.9%)


• spin-dependent elastic scattering: 129Xe (26.4%), 131Xe (21.2%)


• inelastic WIMP-129Xe and WIMP-131Xe scatters
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Figure 3. Spin-dependent WIMP-neutron cross-section constraints for the neutron-only coupling
case.

Indirect DM searches via neutrinos produced when WIMPs are caught and then anni-

hilate in the Sun can place constraints on the SD WIMP-proton cross-section as collisions

of WIMPs with hydrogen (protons) is part of the process for capturing WIMPs in the

Sun [74]. Figure 4 shows constraints placed by the IceCube/DeepCore [75] and Baksan

[76] neutrino detector searches for such neutrinos. The constraints depend on the annihi-

lation channel and are shown here for the representative b-quark and W -boson channels.

While neutrino searches can be very sensitive to WIMPs with SD proton couplings, the

high thresholds in IceCube/DeepCore and some other neutrino experiments means they

are often unable to probe for light WIMPs as LUX and other direct searches are capable

of doing. Furthermore, the limits shown here assume the DM capture and annihilation

processes in the Sun are in equilibrium, an assumption that may not be true for many DM

candidates [77].

The exclusion of the DAMA region by LUX in the SD proton-only coupling case, the

case where LUX limits are approximately at their weakest, suggests that the LUX result

may exclude any SD explanation for the DAMA signal, the first time a single experiment

– 13 –

 C. Savage et al, arXiv:1502.02667 L. Baudis et al, Phys. Rev. D 88, 115014 (2013)

SI, elastic WIMP-nucleus SD, elastic WIMP-nucleus SD, inelastic WIMP-nucleus

LUX

XENON100

�+129,131 Xe ! �+129,131 Xe⇤ ! �+129,131 Xe+ �
40 keV, 80 keV1 ns, 0.5 ns

5

http://xxx.lanl.gov/abs/1502.02667


Physics reach: low WIMP masses

• Achieve a lower energy threshold for NRs if 
the energy is measured by the S2 signal (e-), 
with ~ 20-25 PE per extracted e- in the gas 
phase


• XENON10: threshold of Enr ~ 1 keV 
reached 

• XENON100: analysis ongoing 

• Loss of S2/S1 discrimination: sensitivity 
reduction by ~ factor 100, compared to 
higher WIMP masses; acceptable because at 
low WIMP masses the solar neutrinos will 
dominate the NR rate


• LUX (APS2015): ionization signal 
absolutely measured below 1 keVnr

Erratum: Search for Light Dark Matter in XENON10 Data
[Phys. Rev. Lett. 107, 051301 (2011)]

J. Angle et al.*

(XENON10 Collaboration)
(Received 15 May 2013; published 13 June 2013)

DOI: 10.1103/PhysRevLett.110.249901 PACS numbers: 95.35.+d, 14.80.Ly, 29.40.!n, 95.55.Vj, 99.10.Cd

In our Letter, the 90% C.L. exclusion limits presented in Fig. 3 were incorrect, due to a software bug. The corrected
limits are shown in Fig. 4, keeping all other assumptions and parameters as described in the original work. This leads to a
decrease in sensitivity of approximately f"2;"4;"5g at dark matter particle masses of f5; 10; 20g GeV. The corrected
limit calculation is in good agreement with the work of Ref. [1] if we make the same astrophysical assumptions. The
original conclusions of the Letter are not affected by this correction.

We also point out that the parameterization of the detector energy resolution contained a typo: it should read

RðEnrÞ ¼ ðQyEnrÞ!1=2.

[1] M. T. Frandsen, F. Kahlhoefer, C. McCabe, S. Sarkar, and K. Schmidt-Hoberg, arXiv:1304.6066.

FIG. 4 (color online). Previously published (solid black curve, labeled ‘‘This work’’) and corrected (solid green curve, labeled
‘‘corrected’’) 90% C.L. exclusion limits obtained from our data. The original figure is otherwise unmodified.

*Full author list given at the end of the Letter.

PRL 110, 249901 (2013) P HY S I CA L R EV I EW LE T T E R S
week ending
14 JUNE 2013

0031-9007=13=110(24)=249901(1) 249901-1 ! 2013 American Physical Society

XENON 10 result, PRL107/110

James Verbus - Brown University APS April Meeting - April 12th, 2015
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Ionization Signal Absolutely Measured below 1 keVnra in LUX

• Reconstruct number of electrons at 
interaction site by matching ionization 
signal model with observed event 
distribution using extended 
maximum-likelihood

• Red systematic error bar shows 
common scaling factor uncertainty. 
Dominated by uncertainty in electron 
extraction efficiency.

• Lowest event energy included for 
analysis is 0.3 keVnra.

Grey Points - Individual double scatter 
events
Magenta Crosses - Error bars for 
individual event from best 10% from 
each bin 
Blue Crosses - Reconstructed number of 
electrons at interaction site accounting 
for threshold effects in signal analysis
Black Dashed Line - Szydagis et al. 
(NEST v1.0) Predicted Ionization Signal 
at 180 V/cm
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Example Error Bars for Individual Events
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LUX
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Backgrounds
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Backgrounds: nuclear recoils

• Radiogenic goal: <7 x 10-4 events/(t y)


• active LS veto around cryostat under study


• Cosmogenic (MC: 7.3 x 10-10 n/(cm2 s) for En > 10 
MeV)


• <0.01 events/(t y) in XENON1T/nT shield


• <<0.003 events/(t y) in 14 m diameter water 
shield  

• XENON1T muon veto performance must be 
improved by ~ a factor of 10 (very conservative) 

• Alternative: line the experimental hall with muon 
veto (multi-layered proportional tubes, as in Soudan 
Lab)

DARWIN-LXe in 14 m ø 
water Cherenkov shield

Increased)Water)Cerenkov)muon)veto)

M.)Selvi)–)DARWIN)mee3ng)9)2015)

Increased)Water)Cerenkov)muon)veto)

M.)Selvi)–)DARWIN)mee3ng)9)2015)

MC simulation for XENON1T
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Backgrounds: electronic recoils

• Materials (cryostat, photosensors, TPC)


• 222Rn in LXe


• natKr in LXe (natKr contains 2 x 10-11 85Kr)


• 136Xe double beta decay


• Solar neutrinos (mostly pp, 7Be)

14t12t10t8t6t4t2t

Background reduction

∙ 3D position reconstruction → fiducialization of the LXe target, multisite event cut

∙ interaction in the center of the target → remaining xenon acts as an active veto for multiple scattering events

∙ Z coordinate from delay time between S1 and S2
   → resolution ~3mm (typical S2 width 2μs, electron drift velocity 1.5 mm/μs)

∙ XY resolution of about 8 mm can be achieved with 3 inch phototubes

∙ efficiency of FV + multisite cuts >99.5%

∙ more efficient for electronic than for nuclear recoils due to shorter mean free path

Alexander Kish, UZH 3

∙charge-to-light ratio provides additional ER BG discrimination: 99.5% – 50% NR acceptance,
                                                                                                      99.9% – 30% NR acceptance

Materials: strong self-shielding by dense LXe

Channel Before discr After discr (99.98%)
pp + 7Be neutrinos 95 0.488

Materials 1.4 0.007
85Kr in LXe (0.1 ppt natKr) 40.4 0.192
222Rn in LXe (0.1 µBq/kg) 9.9 0.047

136Xe 56.1 0.036
200 t x yr exposure
4-50 keVnr, 30% acceptance

1 t x yr exposure,
2-30 keVee 9
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WIMPs and ER backgrounds
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WIMP physics
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WIMP physics: spectroscopy
• Capability to reconstruct the WIMP mass and cross section for various masses (20, 100, 500 

GeV/c2) and a spin-independent cross section of 2x10-47 cm2 (assuming different exposures)

⨯ ⨯ ⨯
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num. events:

77, 112, 29,308 448 119

v0 = 220± 20 km/s

vesc = 544± 40 km/s

⇢� = 0.3± 0.1GeV/cm3

Exposure: 100 t y; 200 t y Exposure: 100 t y; 400 t y

1 and 2 sigma credible regions after marginalizing the posterior probability distribution over:

Update: Newstead et al., PHYSICAL 
REVIEW D 88, 076011 (2013)
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WIMP physics: sensitivity

• E = [3-70] pe ~ [4-50] keVnr

200 t y exposure, 99.98% discrimination, 30% NR acceptance, LY = 8 pe/keV at 122 keV

Note: “nu floor” = 3-sigma detection line at 500 CNNS events above 4 keV 13



WIMP physics: complementarity with the LHC

• Minimal simplified DM model with only 4 variables: mDM, Mmed, gDM, gq


• Here DM = Dirac fermion interacting with a vector or axial-vector mediator; equal-
strength coupling to all active quark flavours
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Figure 4. Projected 90% CL limits for the CMS mono-jet search (blue lines), LZ (red lines) and
DARWIN (purple lines) in the cross section vs mDM plane for SI and SD interactions appropriate
for the vector and axial-vector mediators respectively. The collider limits are defined for coupling
scenarios with gq = gDM = 0.25, 0.5, 1.0, 1.45. For comparison, the discovery reach of DD exper-
iments accounting for the neutrino scattering background are also displayed (green lines). For the
spin-independent interaction we also show a projection of the SuperCDMS limit (orange line).

among the DD community. However, when comparing the two planes care must be taken

in the interpretation of the relative sensitivities of the di↵erent scenarios. For example,

whereas in the (M
med

,m
DM

) plane the mono-jet limits get stronger with increasing cou-

pling, the same results displayed in the (�0

DD

,m
DM

) plane show that for DM masses below

a few hundred GeV more parameter space is ruled out for the weaker coupling scenarios.

This is explained by the fact that the planes use di↵erent observables to benchmark the

performance of the search. In one case the mediator mass M
med

is the benchmark, whereas

in the other case it is the nucleon-WIMP scattering cross section �0

DD

. As explained above,

the cross section scales as (gqgDM

)2/M4

med

for DD experiments, and approximately like

(gqgDM

)2/(M4

med

�
med

) for the collider search. It is important to take these relations into

account when translating between the two planes. For the example mentioned above, this

implies that, whereas the collider limit on M
med

gets stronger with increasing coupling,

when taking into account the factor (gqgDM

)2, it rules out less parameter space in �0

DD

as

the coupling increases. Therefore, the results displayed in these two planes are fully consis-

tent but represent di↵erent ways to benchmark the search. Depending on what observable

is more relevant for the question at hand, either the (M
med

,m
DM

) plane or the (�0

DD

,m
DM

)

plane might be more appropriate to answer it.

We emphasize that the results and sensitivity projections presented here are valid for

single vector or axial-vector mediator exchange, assuming equal coupling to all quarks.

Experimentally, DD experiments probe a combination of the couplings to u and d quarks

for vector exchange and to u, d and s quarks for axial-vector mediator exchange. This

is in contrast to the mono-jet search. Although the production of the vector or axial-
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S. Malik et al., arXiv:1409.4075

�DD /
g2DMg2qµ

2

M4
medSpin independent Spin dependent

C
om

pl
em

en
ta

rit
y 

w
ith

 th
e 

LH
C

14



Technical challenges
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Technical challenge: discrimination

• A level of 99.98% needs factor of 5 improvement 
w.r.t. XENON100 

➡ high light yield - R&D for high (4-pi) coverage with 
photosensors is ongoing; options are high QE PMTs, 
SiPMs and/or GPMs; single-phase TPC 


➡ strong R&D program in place 

➡ high stats ER band calibrations - internal sources, for 
instance tritiated methane à la LUX; also 220Rn

Dual-phase LXe TPC with 
Gaseous Photo-Multipliers (GPMs) 

 

2 L. Arazi (WIS), APPEC Meeting, Munich Apr 2015 

GPMs 

field cage 

Screening 
mesh 

GPMs 

“Modest” design option:  
top-array only 

Ambitious design option:  
4π, modified field cage 

WIS Liquid Xenon (WILiX) facility: 
playground for detector R&D 

7 

WILiX schematic view 

LXe TPC 

GPM 

L Arazi 7th Symp. on Large TPCs, Paris Dec. 2014 
https://indico.cern.ch/event/340656/contribution/46/material/sl
ides/1.pdf 

4” triple-THGEM 
GPM 

CsI coated 

L. Arazi (WIS), APPEC Meeting, Munich Apr 2015 

ER Band 
• Tritiated methane calibrates the ER band over the entire 

WS energy range 

11 

A. Breskin, L. Arazi: bialkali 
GPM stable operation at 
gain of 1e5

LUX Tritium calibration
using CH3T (inert)
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Technical challenge: discrimination

• Best value in LXe by ZEPLIN-III, 99.987% 

• LUX: 99.9% - 99% (at 50% NR acceptance)


• K. Ni: ER power > 105 at 50% acceptance


• weak dependance on field strength, but 
field  uniformity crucial

What is the key factor that determines the ER 
rejection power? 

Field !
 (kV/cm)!

Light yield  
(pe/keVee, 
for 122 keV 
at zero field)!

Energy ROI!
(keVnr) !

NR 
acceptance!

ER rejection 
power!

ZEPLIN-II! 1.0! 1.1! 14-58! 50%! 98.5%!
XENON10! 0.73! 5.4! 4.5~26.9! 45%~49%! 99.9~99.3%!
ZEPLIN-III! 3.4! 3.1-4.2! 7-35! ~50%! 99.987%!
XENON100! 0.53! 3.8! 6.6-43.3! 60%~20%! 99.75%!
LUX� 0.18� 8.8� 3-27� 50%� 99.9~99%�

•  Stronger field? 
•  Higher light yield? 
•  Something else? 

Discrimination 

12 

ER rejection power at different drift fields (central events) 

S1[PE]
8 10 12 14 16 18 20 22 24 26 28

ERσ)/
N

R
µ-

ER
µ(

2.5

3

3.5

4

4.5

5

5.5

6
Nuclear recoil equivalent energy[keVnr]

6 8 10 12 14 16 18

200V/cm
700V/cm
1000V/cm

99%

99.9%

99.99%

99.999%

99.9999%

99.9%�

Preliminary�

LUX discrimination

K. Ni, AP2014
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Technical challenge: HV, drift field

• Electron drift length of > 2 m, high purity, and 
uniform field at the 1% level


• HV to bias the cathode must be -100 to -200 kV to 
have a drift field of 0.5 - 1 kV/cm


• build long, >2m TPC demonstrator(s) 


• Robust, and transparent grid or wire electrodes with 
>2 m diameter


• Challenge is to combine thin wires O(100 µm) to 
ensure high LCE


• build shallow, >2m diam. TPC demonstrator(s)


• Very precise, 3D field simulations based on the 
BEM technique

~ 21 t LXe

~ 2.1 m

~ 2.1 m

High 
voltage 
FT

Cathode

Anode

e- drift

Grids

Geometry in the
BEM simulation
software
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Technical challenge: liquid target

• Procurement, storage, cooling, high-speed purification of 30-50 t of LXe


• coordinate procurement among institutions, funding agencies and companies 

• Storage: à la ReStoX, developed for XENON1T/nT, acts as a demonstrator


• possible solution: a network of connected ReStoX, with a main storage directly 
connected to the cryostat 

• study a different mechanism for recovery, based on gravity (recuperation pipe below 
cryostat)

DPG 2015 Melanie  Scheibelhut 9/18

Nitrogen Circuit around the inner 
Sphere

16 nitrogen lines around the inner sphere

The Lines are bent and welded on the
sphereDPG 2015 Melanie  Scheibelhut 8/18

Inside the Sphere

8 fins inside the sphere

Transfer of the cooling temperature into the
sphere

DPG 2015 Melanie  Scheibelhut 6/18

ReStoX 

19

ReStoX: can 
store up to 
7.6 t of xenon

Max heat 
leak: ~50 W



Technical challenge: backgrounds

• ER dominance by solar neutrinos needs: 

➡low intrinsic levels of 85Kr and 222Rn 


• 85Kr: 0.1 ppt natKr (0.2 ppt natKr => same 
background level as solar neutrinos)


•  0.2 ppt is goal for XENON1T, factor 20 better 
than this already achieved by Münster group*: 
separation factor > 120000!) 

• 222Rn: 0.1 µBq/kg (1 µBq/kg => same 
background level as solar neutrinos)


•  1 µBq/kg is goal for XENON1T): control Rn 
levels with low-emanation materials & 
cryogenic distillation (use different vapour 
pressure), adsorption

*M. Murra, Münster, DPG 2015: Purified liquid out: natKr/Xe < 26e-15 = 26 ppq (90% CL); measured with MPIK 
RGMS system 
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Figure 2. (Left): overall predicted background spectrum from detector construction materials (see
table 1) and internal (85Kr, 222Rn, 136Xe) contaminations for a central, 14 t region of the detector.
The expected background from 85Kr decays (green, 0.1 ppt of natural krypton), from 222Rn decays
(black dashed, 0.1µBq/kg) and from 136Xe 2⌫��-decays (blue) is also shown separately, along with
the total neutrino signal (red, pp and 7Be). (Right): predicted signal and background rates in the
2-30 keV energy region as a function of fiducial liquid xenon mass.

The contribution of these internal background components is shown separately in fig-
ure 2: they yield a total rate of ⇠700 events/y in the energy region 2–30 keV and a rate of
about 1 event/y in the energy region 2–10 keV, assuming 99.5% rejection of electronic recoils
in the latter case. This rate is comparable to the background coming from 136Xe 2⌫��-decays.
In figure 2, right, we show the background and signal rates as a function of fiducial liquid
xenon mass, motivating our conservative choice of 14 t of LXe in the central detector region.

Table 2 gives an overview of the most relevant background contributions to the overall
event budget. The total background in the energy region 2–30 keV is dominated by 2⌫��-
decays of 136Xe, followed by decays of 85Kr and 222Rn. While the latter can be in principle
further reduced by noble gas purification, the solar neutrino measurement requires the sub-
traction of the 2⌫��-decay component. To diminish its contribution without the need of
background subtraction, and to extend the energy range over which the solar neutrinos can
be observed beyond the 30 keV upper bound, one might consider using xenon gas that is de-
pleted in the 136Xe isotope. The overall background without the 2⌫�� component is shown
in the same figure.

4 Neutrino backgrounds for the dark matter search

In this section we contemplate the main physics channel of DARWIN, the dark matter
search, and calculate the backgrounds from elastic neutrino-electron scatters and from coher-
ent neutrino-nucleus interactions. The expected dark matter signal events are nuclear recoils
from elastic WIMP-nuclei collisions. The charge-to-light ratio, measured independently for
each event, is used to suppress 99.5% of the electronic recoil background. Such a discrimi-
nation level was reached by current-generation detectors and could in principle be improved
by using higher drift fields, through analysis techniques, or by reducing the acceptance of
nuclear recoils. Table 2 gives the expected event rates from WIMP interactions for two cases,
assuming the standard halo model: an isothermal halo with a local dark matter density of
0.3GeV/cm3, a circular velocity of 220 km/s and an escape velocity of 544 km/s [43, 44]. An
in-depth study of the scientific dark matter reach of DARWIN was performed in ref. [45].
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0.1 µBq/kg 222Rn

0.1 ppt natKr
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Physics reach: solar neutrinos

• Rate of solar neutrinos > 2 keV


• pp neutrinos (2-30 keV):  

• 1714 events/(20 t x yr) 


• 7Be neutrinos (2-30 keV):  

• 214 events/(20 t x yr)


• 220Rn: 0.1 µBq/kg; natKr: 0.1 ppt


• Reach ~ 1% precision after 5 years
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Figure 1. (Left): di↵erential electron recoil spectra in liquid xenon for pp- (blue) and 7Be (red)
neutrinos. The dashed lines show the contribution from electron neutrinos, the dotted lines the
ones from other flavours, while the solid lines represent their sum. (Right): survival probability of
electron neutrinos as a function of energy for pep (dashed) and 8B (solid) for two di↵erent oscillation
scenarios LMA-0 (blue) and LMA-I (red), where the relative di↵erence is expected to be of similar
size for pp-neutrino [31]. The datapoint shows the result of a possible pp-neutrino measurement with
DARWIN, in a fiducial LXe mass of 14 t. The horizontal error bar represents the energy spread for
the pp-neutrinos and the vertical error bar shows the expected statistical error for 5900 events.

<0.1%, which is well below the statistical uncertainty of the measurement. The systematic
uncertainty in the determination of the event vertex will be tested by using collimated ex-
ternal sources, such as 57Co [18], internal, point-like alpha sources, as well as short-lived
radioactive isotopes mixed into the LXe, such as 83mKr [53]. The latter leads to a constant
volume activity throughout the active volume and deviations can be attributed to systematic
biases in the vertex determination.

Such a large statistics measurement of the pp-neutrino flux will open the possibility
to distinguish among di↵erent oscillation scenarios. For example, non-standard neutrino
interactions can modify the survival probability of electron neutrinos in the vacuum to matter
dominated oscillation transition region around 1MeV but also at lower, pp-neutrino energies.
Figure 1, right, shows the survival probability of electron neutrinos as function of energy for
pep and 8B for two di↵erent oscillation scenarios, LMA-0 and LMA-I, the relative di↵erence
for pp-neutrinos being of similar size [31]. The datapoint represents a possible measurement
of the survival probability of pp-neutrinos in DARWIN, with a relative statistical error of
1.3%. The total neutrino rate per year, taking into account the 2 keV energy threshold for
detecting the recoiling electrons and an upper energy threshold of 30 keV is 1331 events (see
also table 2).

3 Background considerations

Elastic neutrino-electron interactions will cause electronic recoils competing with a poten-
tially much larger background coming from detector construction materials, from radioactive
noble gas impurities in the liquid xenon itself, such as 85Kr and 222Rn, and from double
beta decays of 136Xe. With an instrumented water Cherenkov shield, ultra-low radioac-
tivity construction materials, the self-shielding of liquid xenon and the information on the
spatial event-position, DARWIN will be designed to reduce most of this background noise
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Figure 2. (Left): overall predicted background spectrum from detector construction materials (see
table 1) and internal (85Kr, 222Rn, 136Xe) contaminations for a central, 14 t region of the detector.
The expected background from 85Kr decays (green, 0.1 ppt of natural krypton), from 222Rn decays
(black dashed, 0.1µBq/kg) and from 136Xe 2⌫��-decays (blue) is also shown separately, along with
the total neutrino signal (red, pp and 7Be). (Right): predicted signal and background rates in the
2-30 keV energy region as a function of fiducial liquid xenon mass.

The contribution of these internal background components is shown separately in fig-
ure 2: they yield a total rate of ⇠700 events/y in the energy region 2–30 keV and a rate of
about 1 event/y in the energy region 2–10 keV, assuming 99.5% rejection of electronic recoils
in the latter case. This rate is comparable to the background coming from 136Xe 2⌫��-decays.
In figure 2, right, we show the background and signal rates as a function of fiducial liquid
xenon mass, motivating our conservative choice of 14 t of LXe in the central detector region.

Table 2 gives an overview of the most relevant background contributions to the overall
event budget. The total background in the energy region 2–30 keV is dominated by 2⌫��-
decays of 136Xe, followed by decays of 85Kr and 222Rn. While the latter can be in principle
further reduced by noble gas purification, the solar neutrino measurement requires the sub-
traction of the 2⌫��-decay component. To diminish its contribution without the need of
background subtraction, and to extend the energy range over which the solar neutrinos can
be observed beyond the 30 keV upper bound, one might consider using xenon gas that is de-
pleted in the 136Xe isotope. The overall background without the 2⌫�� component is shown
in the same figure.

4 Neutrino backgrounds for the dark matter search

In this section we contemplate the main physics channel of DARWIN, the dark matter
search, and calculate the backgrounds from elastic neutrino-electron scatters and from coher-
ent neutrino-nucleus interactions. The expected dark matter signal events are nuclear recoils
from elastic WIMP-nuclei collisions. The charge-to-light ratio, measured independently for
each event, is used to suppress 99.5% of the electronic recoil background. Such a discrimi-
nation level was reached by current-generation detectors and could in principle be improved
by using higher drift fields, through analysis techniques, or by reducing the acceptance of
nuclear recoils. Table 2 gives the expected event rates from WIMP interactions for two cases,
assuming the standard halo model: an isothermal halo with a local dark matter density of
0.3GeV/cm3, a circular velocity of 220 km/s and an escape velocity of 544 km/s [43, 44]. An
in-depth study of the scientific dark matter reach of DARWIN was performed in ref. [45].
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Details see: L. Baudis et al, JCAP01 (2014) 044

Rpp ' 1.05 events/(t d)

R7Be ' 0.51 events/(t d)
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Physics reach: solar neutrinos

• Reach ~ 1% precision after 5 years


• Test different oscillation scenarios, for instance 
non-standard neutrino interactions that can modify 
the Pee of electron neutrinos as a fct of energy


• Even higher stats can be reached with:


• increased energy range (Xe depleted in 136Xe)


• larger fiducial mass

⌫ + e� ! ⌫ + e�

Extended Data Figure 2 | Survival probability of electron-neutrinos
produced by the different nuclear reactions in the Sun. All the numbers are
from Borexino (this paper for pp, ref. 17 for 7Be, ref. 18 for pep and ref. 19
for 8B with two different thresholds at 3 and 5 MeV). 7Be and pep neutrinos are
mono-energetic. pp and 8B are emitted with a continuum of energy, and the
reported P(ne R ne) value refers to the energy range contributing to the

measurement. The violet band corresponds to the 61s prediction of
the MSW-LMA solution25. It is calculated for the 8B solar neutrinos,
considering their production region in the Sun which represents the
other components well. The vertical error bars of each data point
represent the 61s interval; the horizontal uncertainty shows the neutrino
energy range used in the measurement.
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of the primary scintillation signal, as custom in current xenon dark matter experiments. Using
the average relative scintillation efficiency, Le↵ , of low-energy nuclear recoils in liquid xenon
[42], an energy threshold of 2 keV corresponds to a nuclear recoil energy of 6.6 keVnr, while
an upper bound of 10 keV corresponds to 36.8 keVnr. The energy resolution of the detector
is considered as follows: the nuclear recoil spectra are converted into the spectra of observed
number of photoelectrons using Le↵ and assuming the same light yield at 122 keV as achieved
in the XENON100 detector [43]. In a next step, Poisson fluctuations in the number of photo-
electrons are applied and the spectra are converted to the electronic recoil energy scale using
the measured light yield of low-energy electronic recoils at a drift field of ⇠0.5 kV/cm [41],
which agrees well with the NEST prediction [44]. We note however that in the future, both
light and charge signals will likely be employed to determine the energy scale of electronic
and nuclear recoils in a liquefied noble gas detector.

In Figure 3, left, we show the expected nuclear recoil energy spectra versus energy for
two WIMP masses and cross sections, along with the energy spectra of the recoiling electrons
in liquid liquid xenon for the pp and 7Be neutrinos and the double beta spectrum from 136Xe
decays. Assuming a factor 200 discrimination between electronic- and nuclear recoils, and
without subtracting the neutrino electronic recoil background, this component becomes a
limitation for the dark matter search channel around spin-independent WIMP-nucleon cross
sections of 2⇥10�48cm2, dominated by interactions of pp-neutrinos.
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Figure 3. (Left): Expected nuclear recoil spectrum from WIMP scatters in LXe for a spin-
independent WIMP-nucleon cross section of 2⇥10�47 cm2 (solid black) and 2⇥10�48 cm2 (dashed
black) and a WIMP mass of 100 GeV/c2 and 40GeV/c2, respectively, along with the summed dif-
ferential energy spectrum for pp and 7Be neutrinos (red), and the electron recoil spectrum from the
double beta decay of 136Xe (blue), assuming the natural abundance of 8.9% and the recently measured
half life of 2.1⇥1021 y [37]. Other assumptions are: 99.5% discrimination of electronic recoils, 50%
acceptance of nuclear recoils. (Right): Comparison of the differential recoil spectrum for various
WIMP masses and cross sections (black) to coherent scattering events of neutrinos (red) from the
Sun, diffuse supernova background (DSNB), and the atmosphere (ATM). The coherent scattering
rate will provide an irreducible background for low-mass WIMPs, limiting the cross section sensitivity
to, e.g., ⇠ 10

�45 cm2 for WIMPs of 6 GeV/c2 mass, while WIMP masses above ⇠ 10GeV/c2 will be
significantly less affected. For both plots, the nuclear recoil signals are converted to an electronic
recoil scale and a nuclear recoil acceptance of 50% is assumed.

The expected nuclear recoil rates from coherent neutrino-nucleus interactions were cal-
culated in [45, 46], for cosmic and terrestrial neutrino sources, respectively. Here we also
take into account a realistic energy resolution of the detector, as detailed above. Coherent

– 8 –
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Physics reach: solar axions
4
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FIG. 3: Background model N
b

⇥ f
b

(grey line), scaled to the
correct exposure, as explained in the text. f

b

is based on the
60Co and 232Th calibration data (empty blue dots), and is
used in Eq.4. The 3 PE threshold is indicated by the vertical
red dashed line.

where ✏(S1) is the acceptance and �
PMT

= 0.5 PE is the
PMT resolution [23].

The background spectrum, f
b

, is modeled based on
60Co and 232Th calibration data. The spectrum is scaled
to the science data exposure by normalizing it to the
number of events seen outside the signal region. For so-
lar axions, it is done between 30 and 100 PE, and for
galactic ALPs below m

A

[pe]�2� and above m
A

[pe]+2�,
where m

A

[pe] is the ALP mass in units of PE and � is
the width of the expected signal peak, see Fig.6. Then,
the scaled background spectrum is integrated in the sig-
nal region to give the expected number of background
events, N

b

. The background model scaled to the correct
exposure, N

b

⇥ f
b

, is shown in Fig.3, along with the
scaled calibration spectrum.

The energy scale term in Eq.3, L2, has been
parametrised with a single nuisance parameter t. The
likelihood function is defined to be normally distributed
with zero mean and unit variance, corresponding to

L2(n
exp(t)) = e�t

2
/2, (7)

where t = ±1 corresponds to a ±1� deviation in nexp, as
shown in Fig.2, i.e., t = (nexp � nexp

mean

)/�.

III. RESULTS

A. Solar axions

The remaining events after all the selection cuts are
shown in Fig.4 as a function of S1. The solid grey line
shows the background model, N

b

⇥ f
b

. The expected S1
spectrum for solar axions, lighter than 1 keV/c2, is shown
as a blue dashed line for g

Ae

= 2 ⇥ 10�11, the best limit
so far reported by the EDELWEISS-II collaboration [30].
The data are compatible with the background model, and
no excess is observed for the background only hypothesis.

Fig.5 shows the new XENON100 exclusion limit on g
Ae

at 90% CL. The sensitivity is shown by the green/yellow
band (1�/2�). As we used the most recent and accurate
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FIG. 4: Event distribution of the data (black dots), and back-
ground model (grey) of the solar axion search. The expected
signal for solar axions with m

A

< 1 keV/c2 is shown by the
dashed blue line, assuming g

Ae

= 2 ⇥ 10�11, the current best
limit from EDELWEISS-II [30]. The vertical dashed red line
indicates the low S1 threshold, set at 3 PE. The top axis shows
the expected mean value of the electronic recoil energy.
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FIG. 5: The XENON100 limits (90% CL) on solar axions is
indicated by the blue line. The expected sensitivity is given
by the green/yellow bands (1�/2�). Limits by EDELWEISS-
II [30], and XMASS [31] are shown, together with the lim-
its from a Si(Li) detector from Derbin et al. [32]. The
contour area corresponds to a possible interpretation of the
DAMA/LIBRA annual modulation signal as originating from
axions [33]. Indirect astrophysical bounds from solar neutri-
nos [34] and red giants [35] are represented by dashed lines.
The benchmark DFSZ and KSVZ models are represented by
grey dashed lines [4–7].

calculation for solar axion flux from [10], which is valid
only for light axions, we restrict the search to m

A

< 1
keV/c2. For comparison, we also present recent exper-
imental constraints [30–32] and the DAMA/LIBRA an-
nual modulation signal [33] interpreted as being due to
axion interactions. Astrophysical bounds [34, 35] and
theoretical benchmark models [4–7] are also shown.For
solar axions with masses below 1 keV/c2 XENON100 is
able to set the strongest constraint on the coupling to
electrons, excluding values of g

Ae

larger than 7.7⇥ 10�12

Background 

Signal
mA < 1 keV/c2

gAe = 2⇥ 10�11

Look for solar axions via their couplings to 
electrons, gAe, through the axio-electric effect

• XEON100: based on 224.6 live days x 34 kg 
exposure; using the electronic-recoil spectrum, 
and measured light yield for low-energy ERs


• Factor of ~10 improvement with DARWIN

XENON, Phys. Rev. D 90, 062009 (2014) 
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Physics reach: galactic axion-like particles (ALPs)

Background 
Signal

Look for ALPs via their couplings to electrons, 
gAe, through the axio-electric effect 

Expect line feature at ALP mass 

assume rhodm = 0.3 GeV/cm3

• XEON100: based on 224.6 live days x 34 kg 
exposure; using the electronic-recoil spectrum, 
and measured light yield for low-energy ERs


• Factor of ~100 improvement with DARWIN

�A = c�A ⇥ ⇢dm
mA

R / g2Ae

XENON, Phys. Rev. D 90, 062009 (2014) 
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Physics reach: double beta decay
• 136Xe: Q-value = 2458.7 ± 0.6 keV


• Fiducial mass of 6 t of xenon


• sensitivity to the neutrinoless double beta 
decay of 136Xe: 


• T1/2 > 5.6 x 1026 yr (95% CL) in 30 t yr 

• T1/2 > 8.5 x 1027 yr (95%  CL) in 140 t yr, 
assuming negligible backgrounds from 
detector materials

JCAP01(2014)044
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Figure 4. (Left): integral background rate in ±3� energy region around the Q-value (2385–2533 keV)
as a function of fiducial LXe mass. (Right): predicted background spectrum around neutrinoless
double beta decay peak for 6 t fiducial mass. We show the overall background (thick black solid)
which includes contributions from detector materials (black), from 0.1µBq/kg of 222Rn in the LXe
(black dashed), from 8B neutrino scatters (green dotted)and 2⌫��-decays with T1/2=2.11⇥1021 y
inside the liquid xenon (blue). The potential signal for the neutrinoless double beta decay (0⌫��,
red) assumes T1/2=1.6⇥1025 y.

The Q-value of the double beta decay of 136Xe is (2458.7±0.6) keV [55]. Employing
an energy scale based on a linear combination of the charge and light signals, which have
been shown to be anti-correlated in liquid xenon TPCs [15, 18, 53], the extrapolated energy
resolution is �/E = 1% in this high-energy region.

The combined e�ciency of the fiducial volume and multi-scatter cut, which rejects
events with a separation larger than 3mm in the z-coordinate [18] is 99.5% in a ±3� energy
interval around the Q-value. The materials background is dominated by 214Bi, followed by
208Tl decays in the photosensors and in the cryostat, and can only be further reduced, for
a given fiducial volume, by identifying detector construction materials with lower 226Ra and
228Th levels. The background contribution from internal radon can be e�ciently rejected
by so-called 214Bi–214Po tagging. It exploits the fact that the 214Bi �-decay (Q�= 3.3MeV)
and the 214Po ↵-decay (Q↵= 7.8MeV) occur close in time, with a mean lifetime of the 214Po
decay of 237µs. At the high energies relevant for the double beta decay, only the �-decay
will contribute to the background. We assume a tagging e�ciency of 99.8%, as achieved
in EXO-200 [38] and confirmed by us in a Monte Carlo simulation, assuming that 214Po
decays can be detected up to 1ms after the initial 214Bi decay. The event rate from radon,
considering the same 0.1µBq/kg contamination level as for the dark matter search region, is
0.035 events/(t·y) in a ±3� energy region around Q�� .

We have also estimated the background from elastic neutrino-electron scatters from 8B
solar neutrinos. As the endpoint of the electron recoil energy spectrum extends up to about
14MeV, such single-site scatters are a potential background source for double beta experi-
ments. Using the 8B neutrino flux of �8B=5.82⇥106 cm�2s�1 [8] and mean scattering cross
sections of �⌫e=59.4⇥10�45 cm2 and �⌫µ=10.6⇥10�45 cm2 for electron- and muon-neutrinos
respectively [22], we obtain an event rate 0.036 events/(t y) in the energy region of interest,
see also table 3. While this is above the expected background from 2⌫��-decays, and similar
to the radon contribution, it is well below the one from detector materials.

The expected total background in a ±3� region around the Q-value is 4.6 events/(t·y)
in 6 t of LXe fiducial mass. With an exposure of 30 t·y, a sensitivity to the neutrinoless
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136Xe: 

Figure by Marc Schumann, Bern
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Figure 4. (Left): integral background rate in ±3� energy region around the Q-value (2385–2533 keV)
as a function of fiducial LXe mass. (Right): predicted background spectrum around neutrinoless
double beta decay peak for 6 t fiducial mass. We show the overall background (thick black solid)
which includes contributions from detector materials (black), from 0.1µBq/kg of 222Rn in the LXe
(black dashed), from 8B neutrino scatters (green dotted)and 2⌫��-decays with T1/2=2.11⇥1021 y
inside the liquid xenon (blue). The potential signal for the neutrinoless double beta decay (0⌫��,
red) assumes T1/2=1.6⇥1025 y.

The Q-value of the double beta decay of 136Xe is (2458.7±0.6) keV [55]. Employing
an energy scale based on a linear combination of the charge and light signals, which have
been shown to be anti-correlated in liquid xenon TPCs [15, 18, 53], the extrapolated energy
resolution is �/E = 1% in this high-energy region.

The combined e�ciency of the fiducial volume and multi-scatter cut, which rejects
events with a separation larger than 3mm in the z-coordinate [18] is 99.5% in a ±3� energy
interval around the Q-value. The materials background is dominated by 214Bi, followed by
208Tl decays in the photosensors and in the cryostat, and can only be further reduced, for
a given fiducial volume, by identifying detector construction materials with lower 226Ra and
228Th levels. The background contribution from internal radon can be e�ciently rejected
by so-called 214Bi–214Po tagging. It exploits the fact that the 214Bi �-decay (Q�= 3.3MeV)
and the 214Po ↵-decay (Q↵= 7.8MeV) occur close in time, with a mean lifetime of the 214Po
decay of 237µs. At the high energies relevant for the double beta decay, only the �-decay
will contribute to the background. We assume a tagging e�ciency of 99.8%, as achieved
in EXO-200 [38] and confirmed by us in a Monte Carlo simulation, assuming that 214Po
decays can be detected up to 1ms after the initial 214Bi decay. The event rate from radon,
considering the same 0.1µBq/kg contamination level as for the dark matter search region, is
0.035 events/(t·y) in a ±3� energy region around Q�� .

We have also estimated the background from elastic neutrino-electron scatters from 8B
solar neutrinos. As the endpoint of the electron recoil energy spectrum extends up to about
14MeV, such single-site scatters are a potential background source for double beta experi-
ments. Using the 8B neutrino flux of �8B=5.82⇥106 cm�2s�1 [8] and mean scattering cross
sections of �⌫e=59.4⇥10�45 cm2 and �⌫µ=10.6⇥10�45 cm2 for electron- and muon-neutrinos
respectively [22], we obtain an event rate 0.036 events/(t y) in the energy region of interest,
see also table 3. While this is above the expected background from 2⌫��-decays, and similar
to the radon contribution, it is well below the one from detector materials.

The expected total background in a ±3� region around the Q-value is 4.6 events/(t·y)
in 6 t of LXe fiducial mass. With an exposure of 30 t·y, a sensitivity to the neutrinoless

– 10 –
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Physics reach: bosonic SuperWIMPs

• Bosonic, light, super weakly interacting cold dark 
matter (mass in the 10-100 keV range)


• Scattering cross section is many orders of magnitude 
below the weak-scale cross section, but such particles 
could be absorbed in LXe and produce a detectable signal


• Signature: a line at the rest mass of the boson
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M. Pospelov, A. Ritz, M. Voloshin, PRD 78, 2008
27



Physics reach: heavy sterile neutrinos

• DARWIN-LXe can explore physics scenarios in 
which neutrino interactions with electrons are 
enhanced due to BSM processes:


• new interactions between neutrinos and e- 
mediated by a very light or massless particle 
(these would dominate the SM rates at low 
energies relevant for DD)


• A: nu with magnetic moment of 0.32 x 10-10 µB


• B, C, D: A’-mediated nu-e- scattering (sterile 
neutrinos heavier than ~ 10 keV)


• A’ is a new light gauge boson (“dark photon”) 
that has a small kinetic mixing with the photon
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Figure 2. Expected event spectra in a dark matter detector from new physics in the scattering
of solar neutrinos on electrons. The di↵erent colored curves correspond to (A) a model where the
neutrino has a magnetic dipole moment of µ⌫ = 0.32 ⇥ 10�10µB and (B, C, D) models where the
scattering is enhanced by the exchange of a new light gauge boson A0 with couplings ge to electrons
and g⌫ to neutrinos. The latter case is for instance realized in the model from section 3.3, where
Standard Model particles couple to the A0 through its kinetic mixing with the photon, but there is
also a sterile neutrino ⌫s directly charged under U(1)0. To keep the discussion general, we assume the
⌫e ! ⌫s transition probability to be energy-independent, and we have absorbed the corresponding flux
suppression into a redefinition of g2⌫ . The black curve shows the Standard Model rate from figure 1,
and the red curves and data points show the observed electron recoil rates in XENON-100 [39] (see
section 2 for details), Borexino [34], CoGeNT [25], and DAMA [40]. (Note that CoGeNT and DAMA
cannot distinguish nuclear recoils from electron recoils, so their data can be interpreted as either.)

and flattens out for lower Er. This can be easily discerned by comparing curves B, C and D,
which where computed assuming di↵erent values for MA0 . All three of these curves satisfy
(but almost saturate) the Borexino limit, and all of them may be within the reach of LUX,
XENON-1T, X-MASS, PANDA-X or even XENON-100, provided the detector response to
electron recoils can be su�ciently well understood, and the electron recoil background from
Standard Model processes can be su�ciently reduced. Even now, XENON-100 disfavors sce-
narios in which all of the events seen in CoGeNT or DAMA are explained by the scattering of
solar neutrinos on electrons. It is of course still conceivable that only a fraction of these rates
signifies the scattering of sterile neutrinos on electrons, and the rest is due to instrumental
backgrounds. In fact, a recent preliminary investigation by the CoGeNT collaboration [79]
suggests that such instrumental backgrounds exist. The annual modulation amplitudes ob-
served by DAMA and CoGeNT are roughly at the level of the XENON-100 background, and
we may hope to explain these signals in models that predict a strongly modulating signal,
see section 6.

Curves B, C and D in figure 2 were computed with the U(1)B�L model from section 3.2
and the U(1)0 model with kinetic mixing and U(1)0-charged sterile neutrinos from section 3.3
in mind. The former model is more strongly constrained since it predicts enhanced scattering

– 13 –
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Abstract. We investigate standard and non-standard solar neutrino signals in direct dark
matter detection experiments. It is well known that even without new physics, scattering
of solar neutrinos on nuclei or electrons is an irreducible background for direct dark matter
searches, once these experiments reach the ton scale. Here, we entertain the possibility
that neutrino interactions are enhanced by new physics, such as new light force carriers (for
instance a “dark photon”) or neutrino magnetic moments. We consider models with only
the three standard neutrino flavors, as well as scenarios with extra sterile neutrinos. We find
that low-energy neutrino-electron and neutrino-nucleus scattering rates can be enhanced by
several orders of magnitude, potentially enough to explain the event excesses observed in
CoGeNT and CRESST. We also investigate temporal modulation in these neutrino signals,
which can arise from geometric e↵ects, oscillation physics, non-standard neutrino energy loss,
and direction-dependent detection e�ciencies. We emphasize that, in addition to providing
potential explanations for existing signals, models featuring new physics in the neutrino sector
can also be very relevant to future dark matter searches, where, on the one hand, they can
be probed and constrained, but on the other hand, their signatures could also be confused
with dark matter signals.
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Risks, costs, requests, timeline, consortium

29



Technical risks

• A good mix of scaling up our present know-how (XENON10->XENON1T/nT) and higher 
risk activities, with well-established fallbacks


• Lower risk: 

• cooling, purification and storage of large amount of cryogenic liquids - experience 
from GERDA and XENON1T/nT at LNGS


• Higher risk: 

• development of alternative signal readout methods (some technologies seem 
promising, but were not yet demonstrated to be practical in large noble-liquid 
detectors)


• development of single-phase TPC


• use of stable, high drift field (1 kV/cm)


• development of 4-pi readout

30



Estimated Construction/Investment Costs

• The costs will be dominated by 
the costs of LXe, followed by 
the ones of the photosensors, 
cryostat, electronics, etc 


• Here an example, based on 
extrapolating the XENON1T/nT 
costs

Item Total costs [in 106 CHF]

Photosensors, 1000 units 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
31



Requests for laboratory space

• Minimum water tank dimensions: 14 m diameter


• Space in Hall B (that belonged to ICARUS)


• Or space in Hall C (Borexino shield or other), or Hall A

DARWIN-LXe

+ clean room

XENON1T/nT

Infrastructure 
building

Water shield
14 m ø

Xe storage

Example: space in hall B
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Estimated timescale

2014 - 2018 

R&D and design study 
2018: CDR/TDR 

Engineering studies 

2018-19: demonstrators at home institutions 
2020: construction/integration at UL

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

2020 - 2030

2018 - 2020
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The DARWIN-LXe consortium
Department of Physics
Imperial College London
Blackett Laboratory
Imperial Centre for Inference and Cosmology 
Prince Consort Road
London SW7 2AZ
Tel: +44 (0)20 7594 7793 Fax: +44 (0)20 7594 7541

Email: r.trotta@imperial.ac.uk
Website: www.robertotrotta.com

Dr Roberto Trotta FRAS FHEA
Senior Lecturer in Astrophysics 

Thursday, 27 September 2012  
 
 
 
Prof Laura Baudis
DARWIN project coordinator 
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                  
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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.  
 
 
 

DARWIN'project''
'

Dresden,'30.'Oktober'2011'

Prof.(Dr.(

Kai(Zuber(
Professur'Kernphysik''

'

E-Mail:' ' Zuber@physik.tu-dresden.de'

Telefon:' ' 0351'463-42250'

Telefax:' ' 0351'463-37292'

Sekretariat:' ' 0351'463-35461'

E-Mail:' ' g.schoeler@physik.tu-dresden.de'
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