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DARWIN
The WIMP landscape , —

= best WIMP exclusion limits above ~ 110 MeV/c2 by active target experiments with liquid
xenon

= DARWIN, with its 40 t target mass, aims to reach a sensitivity down to the irreducible
Coherent Neutrino-Nucleus Scattering (CNNS) background

107" g
-39
10 DAMA/I
10-40 Nor; 2
10—4] (/V‘ NS
(\g [)r‘I/A ‘S'I(/ \
o) €50
o 107% E COSINE-100
- - TN \ SuperCDMS
% %2' g \ \);\\:\@‘\«\ :
—44 & DEAL . .
S 10 E \\ ZEnoN10 — current limits
% 107 \\\ pandaXAl U;
S 1046 AN AL near future sensitivity
aX- L
. \\ % n . J\m\.\: / DARWIN‘ t t
10” = s R e s sensitivity
1074 L T
\ _— = —— =
1()_49 | | 1 IIllII L 1 1 lll‘li | 1 1 ! e
1 2. 3 5 10 20 30 50 100 200 500 1000

WIMP mass [GeV/c?]

La Thuile 2021
09.03.2021

UNI
FREIBURG

DARWIN — dark matter and neutrino physics experiment



DARWIN
Dual-phase xenon TPC , —

Iy

= 3D position recontruction via

S1: prompt scintillation light - S1 light distribution (x-y)
S2: delayed scintillation light - charge drift time (z)
proportional to the > target fiducialization
. » S2/S1 ratio for particle identification
photosensor top array time o
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= single vs. multiple interactions
photosensor bottom array

= energy reconstruction
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Dual-phase xenon TPC evolution at LNGS
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DARWIN
DARWIN's background SOUIrCeS [icapr 10, 016 (2015)] v
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Electronic recoils (ER): Nuclear recoils (NR):
= pp and 'Be neutrinos = CNNS of high E solar neutrinos
= xenon intrinsic background = radiogenic neutrons from (a,n) reactions and
= external B and y background spontaneous fission

= muon-induced neutrons

Goal: ER and NR background have to be dominated by neutrino-induced events
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The DARWIN collaboration
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i DARWIN
DARWIN'‘s science channels -
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JCAP 10, 016 (2015)

Eur. Phys. J. C 80, 9 (2020) Direct dark Eur. Phys. J. C 80, 12 (2020)

matter detection
Neutrinoless

Low-energy
double beta 7\ :
decay of 12Xe — this talk solar neutrinos
Coherent N E
neutrino nucleus / Solar axions
scattering low background, low energy threshold,

large target mass detector

Supernova Galactic ALPS,

neutrinos dark photons

PRD89, 013011 (2014)
PRD94, 103009 (2016)
JCAP 1611 (2016) 017
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DARWIN'‘s science channels

JCAP 10, 016 (2015)

Eur. Phys. J. C 80, 9 (2020) Direct dark Eur. Phys. J. C 80, 12 (2020)

matter detection -
double beta

decay of 136Xe Why looking for dark matter?

27% is composed of dark matter,
DA RW not detected yet, explaining the

N - large-scale structures and galaxies

Neutrinoless

Coherent
neutrino nucleus /

scattering low background, low energy threshold, v
large target mass detector

Galactic ALPS,

Supernova

neutrinos dark photons

PRD89, 013011 (2014)
PRD94, 103009 (2016)
JCAP 1611 (2016) 017
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nuclear
recoil (NR) /

WIMP sensitivity [JCAP 10, 016 (2015)]

WIMPs, ;
neutrons ¢ / -

Assumption: 200 t x yr exposure

ta¥ spin-independent
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= minimum of 2.5 x 104° cm? at 40 GeV/c? - complementary to LHC searches
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DARWIN'‘s science channels

JCAP 10, 016 (2015)

Eur. Phys. J. C 80, 9 (2020) Direct dark Eur. Phys. J. C 80, 12 (2020)

matter detection
Neutrinoless

Low-energy

double beta

solar neutrinos
decay of 136Xe

DARWIN

Why looking for OvBR?
probing neutrino‘s nature, lepton Solar axions

number violation, Majorana nature pnergy threshold,
5S detector

Supernova Galactic ALPS,

neutrinos dark photons

PRD89, 013011 (2014)
PRD94, 103009 (2016)

JCAP 1611 (2016) 017
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electronic . DARW' N

recoil (ER)

OVBB decay iIn DARWIN (eur. phys. 5. c 80, 9 2000 semms. < ./ '

— e '
Vs A‘:V.'//w/.;x
= 136Xe is an excellent candidate: 2vBp

136Xe — 13%Ba + 2e" + %
- abundance of 8.9% in "Xe

- DARWIN will contain > 3.5 t of 136Xe
- Qg = 2.458 MeV (above the WIMP ROI)—_ “| §

Events

OvB
= expected energy resolution of < 1% at i
Qgg (demonstrated by XENONLT) | W

Energy Qpg
5‘ LUX XENON100
= ultra-low background environment D oy TEonTsm
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XENON collaboration,
Eur. Phys. J. C 80 (2020) 9
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i i \DARWIN
Background simulations [Eur. Phys. J. C 80, 9 (2020)] -

= simulations with Geant4, implementing a realistic detector model with assuming
already measured activities/ upper limits of materials

= optimization of the fiducial volume: background rejection vs. signal strength

Background rates for 5 t fiducial mass:
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- skg. + Signal (T, = 2107y | 2 €XPpected background of
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Expected sensitivity [Eur. Phys. J. C 80, 9 (2020)]

Profile likelihood analysis:
DARWIN will reach a sensitivity of 2.4 X 1027 yr for a5t X 10 yr exposure (90% C.L.)
Median discovery potential: 1.1 X 10?7 yr at 30
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DARWIN
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DARWIN will be much more than the ultimate

LXe-based dark matter detector

—> large detector with ultra-low backgrounds, very
good energy resolution, low energy threshold

R&D programs are in progress, working towards
a CDR

Engineering
studies Commissioning
2022 IR 2024-25 phase 2027

R&D phase

@ 2024 2026 Start data
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