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DARWIN WIMP scattering principles
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_DARWIN WIMP landscape (Sl scattering) MAT
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(DARWIN WIMP landscape (Sl scattering)
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DARWIN WIMP landscape (Sl scattering)
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DARWIN The dual-phase Xe TPC
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DARWIN The dual-phase Xe TPC
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ER Background [evts x (t d ke\/)'ll
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Towards higher sensitivity

Interaction kinematics
- lowering the threshold
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DARWIN The DARWIN baseline design

L

DARkK matter WImp search with liquid xenoN

M Two-phase LXe/GXe TPC; aspect ratio 1 (d=h)
50 t total LXe (40 t active target)
Top and bottom photosensors (~1800 3" XENON PMTs)

PTFE reflectors and Cu field-shaping rings

YV V V VYV VY

In-situ purification plus krypton and radon
distillation (background mitigation)

T L

A\

Veto detectors: water Cerenkov for
muons with Gd doping for neutrons

DARWIN Collaboration, JCAP 1611 (2016) 017
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\DA_RWIN Science channels for DARWIN

Dark Matter WIMPs
/ * Dark photons » Spin-independent

* Axion-like particles * Spin-dependent

* Planck mass e Sub-GeV
Inelastic

Sun Neutrino Nature

* pp neutrinos * Neutrinoless

¢ Solar : ‘ double beta decay
metallicity S #94 - Double electron

* "Be, 8B, hep capture

e \* » Magnetic Moment

Supernova . A , iR~ Cosmic Rays
» Early alert 2 - * Atmospheric
* Supernova neutrinos neutrinos

* Multi-messenger astrophysics

- Community Whitepaper: arXiv:2203.02309 (2022)
_ - accepted for pub. in J of Phys. G
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\DA_RWIN Science channels for DARWIN

WIMPs
* Spin-independent
* Spin-dependent
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/ * Dark photons
* Axion-like particles
¢ Planck mass

Sun Neutrino Nature

* pp neutrinos * Neutrinoless

e Solar double beta decay
metallicity y = Double electron

* "Be, 8B, hep capture

¢ Magnetic Moment

Melih Kara

Supernova y 5 : : iR~ Cosmic Rays
» Early alert * Atmospheric
* Supernova neutrinos neutrinos

* Multi-messenger astrophysics

: Community Whitepaper: arXiv:2203.02309 (2022)
~ accepted for pub. in J of Phys. G
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DARWIN Recent Developments (l) .immﬁ
- L

10 g : Low ER excess in XENON1T
i HE @XENONI10 [ ] aChIeved 120 I I I I I
o 10 g ez m projected PRD 102, 072004 (2020)
:f: el 100} ‘ I l ]
< F = l
o o 80 -
H 10? .XENON]Oi)LUX i l I ! ! Tty [
EE 1= oPandaX-I £ 60 I l l | | I |
g; = XENON1Y PandaX-4T E I
EIRCE XENONnT e 40 I i
@ B .Ez i
& 107 solar neutrinos (pp. "Be) DARWIN / G3 20 = Bo 7
" ] SRl data
10-3"j ""7 Lol Ll 0 | | I | I
107 107 1 10 ' ' ' ' '
Target Mass [t] b 2 el e S n
° i P 2 ! ! 1 . |‘ I 7
solar axions” : T a—
* bosonic DM? Energy [keV]
* neutrino magnetic moment?
e tritium?

12 December 12, 2022 Klaus Eitel — Recent developments around DARWIN DMLab annual meeting 2022



_DARWIN Recent Developments (I)
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ER Background [evts x (t d keV )|

No excess above background observed
— XENON1T excess not from new physics
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DARWIN Recent Developments (I)
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world-record low ER background level: (15.8+-1.3) evts/(txyrxkeV)
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DARWIN Recent Developments (ll)

¢ First Dark Matter Search Results from the LUX-ZEPLIN (LZ) Experlment
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Same technoly — Different detectors

DARWIN

YV V

apart from different TPC design choices...
different cryostats, LXe/neutron vetoes,

LXe purification, Kr and Rn removal,
calibration methods, DAQ paradigms, etc etc
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DARWIN Recent Developments (1V)

A Next-Generation Liquid Xenon Observatory for Dark Matter and Neutrino Physics

J. Aalbers 2 K. Abe,®* V. Aerne,® F. Agostini,® S. Ahmed Maouloud,” D.S. Akerib,'2 D.Yu. Akimov,' >600 authors from

A K. Al Musalhi,'® F. Alder,!! S.K. Alsum,!? L. Althueser,’® C.S. Amarasinghe,'* F.D. Amaro.'® A XLZD + theor
TT Andareon L2 B Andrien T N Anoalides 18 B Anealina 17 T Aneevasras 18 V0 Antachi 19 T Ant y
H BB
“C UMWeTsIty 0] LAVETPool, L/EPATTMEnt of FRYSIcS, LAVeTPool Loy (41, UR
WSUBATECH, IMT Atlantique, Université de Nantes, CNRS/IN2P3, Nantes 44307, France
0 Lawrence Berkeley National Laboratory, Berkeley, CA 94720, USA . . :
U Institute for Astroparticle Physics, Karlsruhe Institute of Technology, Karlsruhe, Cermany >100 institutions
12 Vatican Observatoru. Castel Gandolfo. V-00120. Vatican City State
H E N
The nature of dark matter and properties of neutrinos are among the most pressing issues in contem-
porary particle physics. The dual-phase xenon time-projection chamber is the leading technology
to cover the available parameter space for Weakly Interacting Massive Particles (WIMPs), while
featuring extensive sensitivity to many alternative dark matter candidates. These detectors can
also study neutrinos through neutrinoless double-beta decay and through a variety of astrophysical

sources. A next-generation xenon-hased detector will therefore be a true multi-purpose observatory

to significantly advance particle physics, nuclear physics, astrophysics, solar physics, and cosmology.
This review article presents the science cases for such a detector.

. r- 1] S. Ritz et al., Building for Discovery: Strategic Plan [1258] N. Tyurin, PARTICLE PHYSICS IN RUSSIA (2012).
- Wh‘tepape - for U.S. Particle Physics in the Global Context, [1259] T. Nakada et al., The European Strategy for Particle
mun‘ty https://science.energy.gov/~ /media/hep/hepap/ Physics Update 2013 (2013).

Com 09 pdf/May-2014/FINAL_P5_Report_Interactive_ [1260] C. Bai et al., Neutrinoless Double Beta Decay: A Study = > 1000 referen C eS

- _2203_023 G 060214 .pdf (2014). of Strategic Development by Chinese Academy of Sci-

arX‘V- u J Phys- C. Zeitnitz, Particle Physics Strategy in Germany, ences, in Chinese (2020).
d for pu . i https://indico.desy.de/indico/event/20166/ [1261] P. J. W. Faulkner et al. (GridPP), I. Phys. G 32, N1
accepte contribution/6/material/slides/0.pdf (2018). (2006).
[1262] D. Britton et al., Phil. Trans. Roy. Soc. Lond. A 367,
2447 (2000).
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DARWIN Recent Developments (V) ~MAT

A Next-Generation Liquid Xenon Observatory for Dark Matter and Neutrino Physics

J. Aalbers,-? K. Abe,** V. Aerne® F. Agostini,® S. Ahmed I\-‘Is}mﬂoucl,? D.S. Akerib,:2 D.Yu. Akimrov.’ >600 authors from
A K. Al Musalhi,'® F. Alder,!! S.K. Alsum,!? L. Althueser,’® C.S. Amarasinghe,'* F.D. Amaro.'® A

TT Andearann L2 T Andrien T W Anaoslides 18 T Anealina 17 T Anoevaars 18 VW Antachi 19 TV Ant XLZD & theory
H E B
TTUMIVETSITY O] LAVerpool, LepArtiment of FNRYsics, LAVETDPOOL LbY f4k, Ul
WSUBATECH, IMT Atlantique, Université de Nantes, CNRS/IN2P3, Nantes 44307, France

Supernova Neutrinos (NR)
1. Galactic Supernova Neutrinos
2. Pre-Supernova Neutrinos

>100 institutions
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featuring g ~ ) - : ) Ors ca
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sources. A next-generation xenon-based detector will therefore be a true mmlti ; Mellh Kara
E
to significantly advance particle physics, nuclear physics, astrophysics, solar ph¥s PTTLT OISR
This review article presents the science cases for such a detector.
. 1] S. Ritz et al., Building for Discovery: Sirategic Plan 1258] N. Tyurin, PARTICLE PHYSICS IN RUSSIA (2012).
. r ] [1258] (2012)
. Wh‘tepape - for U.S. Particle Physics in the Global Context, [1259] T. Nakada et al., The European Strategy for Particle
mun‘ty https://science.energy.gov/~ /media/hep/hepap/ Physics Update 2013 (2013).
com 309 pdf/May-2014/FINAL_P5_Report_Interactive_ [1260] C. Baiet a.l Neutrinoless Doubfr.: Beta Decay: A Stu,d_y >1000 referen CeS
- 02 060214 .pdf (2014). of Strategic Development by Chinese Academy of Sci-
-2 .
arX‘V- u J Phys- C. Zeitnitz, Particle Physics Strategy in Germany, ences, in Chinese (2020).
for pub- ‘n https://indico.desy.de/indico/event/20166/ [1261] P. J. W. Faulkner et al. (GridPP). J. Phys. G 32, N1
accepted contribution/6/material/slides/0.pdf (2018). (2006).

[1262] D. Britton et al., Phil. Trans. Roy. Soc. Lond. A 367,
2447 (2000).
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