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Status of the Field N

Spin-independent WIMP-nucleon interactions
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DARK matter WIimp search with liquid xenoN * -
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Background Sources /

high-energy v

WIMP 6 GeV/c? *2Rn (1 pBq/kg)

pp+'Be neutrinos

low-E solar neutrinos
dominate ER backgrounds...
...if 22Rn sufficiently low
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Neutrino observatory

Solar pp and 7Be neutrinos

DARWIN
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Continuous recoil spectrum with largest

rate at low E
~0.26 v evts/t/d in low-E region (2-30 keV)

JCAP 01, 044 (2014)
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Electron neutrino survival probability

30t target mass, 2-30 keV window
2850 neutrinos per year (89% pp)
— 1% statistical precision on pp-flux (100 t x

Y)




Neutrino rare-event observatory

Supernova neutrinos
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DARWIN

Detectable via coherent neutrino-
nucleus scattering-

a short-lived and welcome
background!

e signal from accretion phase of a
~18 M, supernova at 10 kpc is
clearly visible in DARWIN

e Can gain precise time information
- complementarity with other
experiments

- DARWIN can provide an
additional trigger for SNEWS



Probe of fundamental physics

Neutrinoless double beta decay of 3¢Xe

DARWIN
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conservation
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» Identify Majorana or Dirac
nature of neutrino

* Probe effective Majorana
mass

» Determine mass heirarchy

» Test lepton number

30 ton-year

R

> Qg 2.46 MeV

- Natural abundance in
xenon is 8.9% (3.5 tons in
target)

140 ton-year

JCAP 11, 017 (2016)
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Probe of fundamental physics 2a

Solar axions
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* Proposed as solution to the strong CP problem

« Absorbed via the axio-electric effect

* DM axions out of range, but axions from the sun

R 12708:(2013) from Primakoff process detectable

JCAP 11, 017 (2016) T
« Sensitivity goes as (MT)1/8

Rate scales as ~g_.*
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Search for other dark matter candidates ie

Bosonic vector and pseudoscalar DM candidates (ALPs)
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A (m—v) () etday Could be keV-scale relic dark matter (doesn’t
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 Also interacts via axio-electric effect
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DARWIN
WIMP Spectroscopy s
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200 txy || * Reconstruction of WIMP
properties: mass and
scattering cross-section

« mx=20, 100, 500 GeV/c?

» spin-independent cross
section: 2 x 104/ cm?

* 10/20 credible regions
shown, marginalized over
astrophysical parameter
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Status and outlook
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Status: Detector R&D

Challenges

» Electron drift over ~2.5 meters

» High-voltage capabilities (> -100
kV for drift field ~0.5 kV/cm)

» Purification: Long LXe absorption
length - high-speed (~100 slpm)

» Light collection efficiency:
possible 4pi photosensors

* Photosensors: high QE, low dark
count, long-term stability (PMTs?
SiPMs?)

« Background: reduce 222Rn
(materials, distillation) and (a,n)
from PTFE

M. Galloway, University of Ziirich
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Cryogenics,
purification, DAQ

anode

> TPC with xenon

| target

= cathode

Bottom
photosensor
array
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Status: ongoing R&D

* DARWIN is on several national and international roadmaps (APPEC) XENONCOPE
« ERC and institute funding: AN
XENONSCOPE (UZH) - 2.6 m HV demonstrator
ULTIMATE (Uni. Freiburg) - large diameter electrode R&D
Synergy with XENONNT
» Ongoing materials and muon-induced background Monte Carlo
studies et
» Low-background material screening ongoing
» Photosensor studies (PMTs, SiPMs)
with R&D TPCs

JINST 13 (2018)
P10022
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Status and outlook

=1 USA u
Columbia University ’ AR
University of California at Los Angeles
Arizona State Universlty

Purdue Umverslty

Rice uruversigy

University of Cahfornla at San Dlego
University of Chicago ~Y
:Rensselaer Polytechnic Instltute

in [taly i1 France:
INFN - Sezione LNGS Subatech
INFN - Sezione di Bologna . Laboratoire de |'Accelerateur Lineaire LAL
* - “Laboratoire de physique nucleaire et de hautes energie
W b,

h

54 Great Britain =2 Sweden ™ Germany
Imperial College London Stockholm Unlvérsity ! University of Minster
2 ‘MPIK Heidelberg
= Netherlands University of Freiburg
Nikhef Amsterdarn Karlsruhe Institute of Technology
University of Mainz
TU Dresden \

2 Switzerland
University of Zrich |
University of Ziirich Il

Heidelberg University
A & -

= lIsrael

Weizmann Institute of Science

2 W 4

= United Arab Emirates
New York University at Abu Dhabi

@ Portugal
University of Coimbra

www.darwin-observatory.org

28 groups from 9 countries
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Summary
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2
- Solar neutrinos WIMP mass [GeV/c?]

* Solar axions

« Dark photon, super-WIMP
and ALP keV-scale dark
matter

« Supernova neutrinos

The collaboration is gaining momentum. ..
R&D at several institutions is ongoing, utilizing

expertise from 3 generations of xenon TPC
dark matter and other experiments.
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Background Sources

JCAP 10, 016 (2015)

All relevant backgrounds are considered:

Source Rate Spectrum Comment MC simulation of detector made of
[events (t-y-keVxx)| main components (PTFE, CU, PMTs):

~v-rays materials 0.054 flat assumptions as discussed in text subdominant after ~15 cm fiducial cut

neutrons® 3.8x107° exp. decrease average of |5.0-20.5] keVnr interval

intrinsic *Kr 1.44 flat assume 0.1 ppt of "'Kr 8Kr: 2x below XENONLT design

intrinsic 222Rn 0.35 flat assume 0.1 uBq/kg of ??2Rn (0.03 ppt achieved: EPJ C 74 (2014) 2746)

2v33 of 136Xe 0.73 linear rise average of |2-10| keVee interval 222Rn: 100x below XENONI1T design

pp- and ‘Be v | 3.25 flat details see |19| ' 136X e: assume natural xenon

CNNS* 0.0022 real average of [4.0-20.5| keVnr interval

consider all relevant neutrinos
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Evolution
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Target complementarity
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