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Current Status

spin-independent WIMP-nucleon interactions
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Current Status
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spin-independent WIMP-nucleon interactions
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The Future
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spin-independent WIMP-nucleon interactions
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The Neutrino Floor
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arXiv:2203.08084 -
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spin-independent WIMP-nucleon interactions
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Be aware of the definition

The N eUtri no —, 1 CNNS event” line is well above ,v-floor*

- v-floor = ,,WIMP discovery limit“
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Almost there...
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— N0 excess above background seen
Similar search by PandaX-4T arXiv.2207.04883
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Reaching the Neutrino Fog

arXiv:2203.08084
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" Exposure required to reach the systematic-limited (n=2) neutrino fog
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pos HV
E~10 kV/cm

neg HV
E~0.2 kV/cm
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LXe TPC Features
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— 3dim vertex reconstruction
— fiducialization
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— multi-scatter rejection

— energy measurement (S1+S2)
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LAr TPC Features
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— 3dim vertex reconstruction
— fiducialization

— multi-scatter rejection
— energy measurement (S1+S2)

— Charge-Light-Ratio (S2/S1):
Particle ID

— ER background rejection (WIMP search)

—selection-ofFER-channhels

— extremely low background (NR)
ER rejection @ 1078 level via
pulse shape discrimination (PSD)

— 20+ keV threshold
to exploit PSD

— large target mass — high exposure
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(for G3-scale detectors)
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DarkSide-20K ... even though still G2
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DarkSide-20k detector

AAr Cryogenics ProtoDUNE Cryostat ~ UAr Cryogenics UAr Transportation Skid and Storage

Corno Grande Cryogenics Support Structure
{2912 m)

|

UAr Compressor

S

Slide from M. Haranczyk, PATRAS 2022

LNGS Hall C

INFN-CERN agreement finalised

The installation will start later this year in the hall C at the Gran Sasso
National Laboratory, in Italy.

Data taking with nominal run time: 10 years. - 2026 — 2036

Nested structure of the detector with innovative technologies

M. Schumann (Freiburg) — G3 Dark Matter Detectors
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https://indico.him.uni-mainz.de/event/109/contributions/825/attachments/454/619/Ds20kPATRAS2022_HaranczykV5.pdf

DarkSide-20K ... even though still G2
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Slide from M. Haranczy

DarkSide-20k detector

Titanium Vessel
containing liquid low radioactivity argon
from underground sources (100 t)

Gadolinium loaded acrylic TPC
filled with 50 t of UAr (20t FV)

Neutron active veto buffer between TPC and T1 vessel
21 m? of Cryogenic Silicon Photo-Multipliers as light detectors

Membrane cryostat made in a ProtoDune-like technology

k, PATRAS 2022

Calibration

pif H’-"\
rl
i
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https://indico.him.uni-mainz.de/event/109/contributions/825/attachments/454/619/Ds20kPATRAS2022_HaranczykV5.pdf
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Background expectation/assumption:
» 3 events from CNNS in 200 txy

» neutrons <0.1 events in full exposure (same as in DS-50)
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https://indico.cern.ch/event/922783/contributions/4883381/attachments/2481919/4260819/Galloway_IDM_19July22.pdf

ARGO @ SNOLAB
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follows DarkSide-20k » Future goal: ARGO@SNOLAB

GADMC Collaboration:
DarkSide + DEAP + MiniCLEAN + ArDM

300 t UAr fiducial target
— alm for 3 kt X y exposure

Site: SNOLAB

Technology: TPC?
Single-phase?

120z uoloyquoida ‘D121saf, o) :abbwy

R ARGO

.. SNOLAB

from Mark Boulay 400 t (300 t Fiducial
Volume)

Conceptual studies in progress

ReqUirementS: Nominal run time: 10 years (3 kt x year)
— 400 t UAr - 5y operation of Urania+Aria
— 100 m?2 photosensors — (digital?) SIPMs

Immune to ERSs at higher recoil energies thanks to PSD

M. Schumann (Freiburg) — G3 Dark Matter Detectors 17


https://indico.cern.ch/event/949705/contributions/4555514/attachments/2370966/4049321/LeptonPhoton2021.pdf

LAr: Supernova Detection

JCAP 2021, 043 (2021)

Image: G. Testera, LeptonPhoton 2021

-

L=

L=
|
F|

e Detection based on the ionization signal only (S2)
e Threshold downto 0.4 keV_,
e Coherent scattering:
o  neutrino flavor insensitive
o  highest neutrino cross section
e Advantages of CENvS in LAr TPC: IS
o  Sensitive to the entire unoscillated neutrino flux
o  Sensitive to the neutronization burst (the electronic ; . |
flavor is highly suppressed by oscillations) " = - P —

—— 27 My SN - Argo

—— 11 Mg SN - Argo

27 Mgy SN - DS20k

11 My SN - DS20k

Significance [&]

10

Supernova detection in LXe
PRD 89, 013011 (2014)
PRD 94, 103009 (2016)
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https://indico.cern.ch/event/949705/contributions/4555514/attachments/2370966/4049321/LeptonPhoton2021.pdf

DARWIN: The ultimate LXe WIMP Detector

darwin-observatory.org JCAP 11,017 (2016)

Baseline design
~50t total LXe mass
~40 t LXe TPC

~30 t fiducial mass

AVTVITEERNEIIGEE i

M. Schumann (Freiburg) — G3 Dark Matter Detectors

» Background dominated by irreducible neutrinos
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DARWIN: The ultimate LXe WIMP Detector r
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darwin-observatory.org

DA RW' N JCAP 11, 017 (2016)
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Spin-Dependent Couplings
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JCAP 10, 016 (2015)

* coupling of WIMP to unpaired nucleon spins

— Xenon very favoured target

e traditionally separated in
proton-only and neutron-only

* same parameter space explored by |

indirect and collider searches

1078
WIMP-neutron

scattering

[a—
|

5]

fl=]

Cross Section [cm?]
S = o © 9
S 8 S o s

I
h

_
<
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Isotope Abundance Spin Unpaired Nucleon Relative Strength

'Li 92.6% 3/2 proton 12.8
| Y 100.0% 1/2 proton 100.0 |
ZNa 100.0%  3/2 proton 1.3
29Gi 4.7% 1/2 neutron 9.7
“Ge 7.7% 9/2 neutron 0.3
1277 100.0% 5/2 proton 0.3
31X e 21.3%  3/2 neutron 1.7 |
:? 1)
- \”hl\“___“_...-: ..................................................
e
_ 11 1 ]| I 1 | 1 | I | lI 1 1 1 I T | | | 1 | L1 1 11
10 10° 10° 10*
WIMP mass [GeV/c]
21



DARWIN: Radon Background
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33 L ZRn(1 BBq/kg)
- pp+"Be neutrinos
‘ 3.0
= . DA_ RWIN
L 25 .
> .
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X Tr
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= C
2 1.0
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Strategy DARWIN

/7

— active Rn removal via cryogenic distillation

— column developed for XENONNT is R&D for DARWIN

— avoid Rn emanation by

L&

M. Schumann (Freiburg) — G3 Dark Matter Detectors

optimal material production
material selection
surface treatment

optimized detector design

DARWIN goal:
ER background dominated
by solar neutrinos

222Rn emanated from all
detector surfaces.
Need concentration
factor ~50 below XENON1T
factor ~10 below XENONNT

— main background challenge

22
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3 -

DARWIN LXe test platform in Freiburg: [ ===
— 2.7 m inner diameter

¥ — up to ~15 cm height (=5 cm LXe)
- — ~400 kg Xe gas
— test horizontal components,
real-scale electrodes etc.

)




DARWIN LXe test platform in Freiburg: ™ ———
~ — 2.7 minner diameter j-r Tph
. —up to ~15 cm height (~5 cm LXe) ;1
1 - ~400 kg Xe gas
— test horizontal components,
real-scale electrodes etc.




Size challenge: X@IN

I L. & ) j dl b !
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DARWIN Testplatform

in Ziirich:

— 16 cm inner diameter
— up to 2.6 m LXe height
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XENON + LZ + DARWIN = XLZD

FREIBURG

www.xlzd.org :z>

Future merger of DARWIN / XENON + LZ collaborations DARWIN
to build and operate the next-generation N
liquid xenon observatory ,
— new, stronger collaboration L assee
— will come once XENONNT and LZ are in Rttt o000

routine operation se3esets2ess
Now: paving the way with XLZD Consortium e
- MoU 2021: 104 group leaders from 16 countries XENON

- Joint whitepaper on science published
— first joint workshops

XENON
DARWIN
LUX-ZEPLIN

e e L oS Es e

M. Schumann (Freiburg) — G3 Dark Matter Detectors 26



PandaX

Proposal of PandaX-30T in CJPL-II
Nature Phys 13, 212 (2017)
JINST 16 T12015 (2021)

R&D of PandaX-xT

* Low background PMT

S| WIMP-nucleon cross section {cm?)

Nature Phys 13, 212 (2017)

PandaX-I1 2016

= LUX 2016

— CDMSLite 2015

R TN g

e
A
Neutrino colfgrent scatt_f:rmg

10 10? 10°
WIMP mass (GeV/c?)

« Large size TPC

« Xenon isotope separation

Hamamatsu R12699-406-M4

0.63+0.26

U-238(late) <1.07

0.05+0.06 1.1610.72
<0.15 <2.34
- 0.12+0.08 0.52+0.81

Cs-137 <0.25 <1.85
8.37+8.47
- 0.35+0.35 4.33t2.16
Th-232(early) <0.92 <7.88
0.80+0.29 1.50£0.96
Th-232(late) <1.28 <3.08
- 0.00+0.17 13.13+8.53
U-235 <0.28 <27.16
- 2.26+4.36 26.29+16.90
U-238(early) <9.44 <54.09
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https://pnp.ustc.edu.cn/html/upload/2021/11/05/163612011630761000.pdf

other than WIMPS, B

/ .

What (else) ca
we do with this
Instrument :

f

DARWIN = A low background, low threshold astroparticle physics observatory
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LXe Whitepaper

arXiv:2203.02309, accepted by J. Phys. G

FREIBURG

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

D. S. Akerib,>? D. Yu. Akimov,* J. Akshat,! M. Alfonsi,> S. J. Andaloro,® E. Angelino,” .J. Angevaare,? ~6OO th
H. M. Aratijo,” S. Baek,'” D. Bajpai,!* A. Bandyopadhyay,'? L. Baudis,'®* A. L. Baxter,! N. F. Bell,}* autnors
P. Bhattacharjee,'® F. Bishara,'® C. Blanco,'” C. Boehm,'® P. D. Bolton,'” A. 1. Bolozdynya,* B. Boxer,> from XLZD

+ others
+ theory

" nstitut fiir Kernphysik, Westfilische Wilhelms-Universitit Miinster, 48149 Miinster, Germany
Y8 Department of Physics and Astronomy, University of California, Riverside, CA 92521, USA

" School o f Physics, Bethang University, Beijing, 100083, P.R.China

L00 Technische Universitit Dresden, 01069 Dresden, Germany

The nature of dark matter and properties of neutrinos are most pressing issues in contemporary . . .
particle physics. The dual-phase xenon time-projection chamber is the leading technology to cover ~1OO IﬂStItUtIOnS
the available parameter space for Weakly Interacting Massive Particles (WIMPs) while featuring
extensive sensitivity to many alternative dark matter candidates as well. The same detectors can
study neutrinos through a variety of astrophysical sources and through neutrinoless double-beta
decav. A next-generation xenon-based detector will therefore be a true multi-purpose machine to
significantly advance particle physics, astrophysics, nuclear physics, and cosmology. This review
article presents the sclence cases tor such a detector.

Keywords: Dark Matter, Neutrinoless Double-Beta Decay, Neutrinos, Supernova, Direct Detection, Astropar-
ticle Physics, Xenon
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Summary
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spin-independent WIMP-nucleon interactions
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