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Current Status
spin-independent WIMP-nucleon interactions
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Threshold                    
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Background

APPEC Dark Matter Report
Rep. Prog. Phys. 85, 056201 (2022)

LZ    PandaX-4T
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The Future
spin-independent WIMP-nucleon interactions
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APPEC Dark Matter Report
Rep. Prog. Phys. 85, 056201 (2022)
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Plan„neutrino floor“
PRD 89, 023524 (2014)
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The Neutrino Floor
spin-independent WIMP-nucleon interactions
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APPEC Dark Matter Report
Rep. Prog. Phys. 85, 056201 (2022)

„neutrino floor“
PRD 89, 023524 (2014)

Coherent neutrino-nucleus scattering 
dominates background
→ ultimate background

JCAP 01, 044 (2014)
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The Neutrino Floor
spin-independent WIMP-nucleon interactions

APPEC Dark Matter Report
Rep. Prog. Phys. 85, 056201 (2022)

Be aware of the definition
 

– „1 CNNS event“ line is well above „ν-floor“
 

– ν-floor = „WIMP discovery limit“
          PRD 89 (2014) 023524
  •  detect a WIMP at 3σ on top of 500 CNNS events   
     above a LXe threshold of 4 keV (infinite resolution)
 

  •  5.3 kt × y exposure required (4-35 keV, 100% NR acc)
 

– Neutrino Fog     PRL 127, 251802 (2021) 
    • quantify diminishing return-on-investment in    
      increasing exposure when limited by neutrinos.
 

    • n=2: improving σ×10 requires ×100 exposure
       → „systematics limited“

„neutrino floor“
PRD 89, 023524 (2014)

→ „neutrino fog“
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spin-independent WIMP-nucleon interactions

APPEC Dark Matter Report
Rep. Prog. Phys. 85, 056201 (2022)

Almost there...

Taking data
  

Construction
  

Plan

PRL 126, 091301 (2021)
XENON1T low-threshold search (S1+S2)
→ 2.1 CNNS events (8B) expected
→ no excess above background seen

Similar search by PandaX-4T arXiv:2207.04883 
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Reaching the Neutrino Fog

Ar: 1000 t×y
 

Xe:  200 t×y

Exposure required to reach the systematic-limited (n=2) neutrino fog 

arXiv:2203.08084
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Dolgoshein, Lebedenko, Rodionov, JETP Lett. 11, 513 (1970)
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NR

ER

light signal S1

charge signal S2

ER

NR

– 3dim vertex reconstruction
   → fiducialization

– multi-scatter rejection

– energy measurement (S1+S2)

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

→ ER background rejection (WIMP search)
  

→ selection of ER channels

– very low background (ER + NR)

– low threshold
   (light: ~2-3 PE,  charge: few electrons) 

– large target mass → high exposure

LXe TPC Features
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ER

NR

– 3dim vertex reconstruction
   → fiducialization

– multi-scatter rejection

– energy measurement (S1+S2)

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

→ ER background rejection (WIMP search)
  

→ selection of ER channels

– extremely low background (NR)
   ER rejection @ 10–8 level via
   pulse shape discrimination (PSD)

– 20+ keV threshold
   to exploit PSD

– large target mass → high exposure

LAr TPC Features

Nuclear Recoils

Electronic Recoils

Astropart. Phys. 85, 23 (2016)LAr

LXe+LAr
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Electronic Recoils   Nuclear Recoils
(gamma, beta)          (neutron, WIMPs)

muons

natural γ-bg

neutrons from
(α,n) and sf

target-intrinsic bg:
α-, β-, γ-radiation, n;
activation, impurities,
2νββ

neutrons from
(α,n) and sf

muon-
induced
neutrons

natural γ-bg

pp+7Be neutrinos
→ ER signature

high-E neutrinos
→ CNNS bg
→ NR signature 

natural γ-bg

neutrons from
(α,n) and sf

muons

muon-
induced
neutrons

(for G3-scale detectors)
Background Sources
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DarkSide-20k … even though still G2

Slide from M. Haranczyk, PATRAS 2022

→ 2026 – 2036

https://indico.him.uni-mainz.de/event/109/contributions/825/attachments/454/619/Ds20kPATRAS2022_HaranczykV5.pdf
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Slide from M. Haranczyk, PATRAS 2022

DarkSide-20k … even though still G2

https://indico.him.uni-mainz.de/event/109/contributions/825/attachments/454/619/Ds20kPATRAS2022_HaranczykV5.pdf
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DarkSide-20k: WIMP Sensitivity

Background expectation/assumption:
►3 events from CNNS in 200 t×y
►neutrons <0.1 events in full exposure (same as in DS-50)

P
lots: M

. G
allow

ay, ID
M

 2022

https://indico.cern.ch/event/922783/contributions/4883381/attachments/2481919/4260819/Galloway_IDM_19July22.pdf
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ARGO @ SNOLAB
Im

age: G
. Test era, LeptonP

h oton 2021

arXiv:2203.08084

● follows DarkSide-20k
● GADMC Collaboration:

DarkSide + DEAP + MiniCLEAN + ArDM
● 300 t UAr fiducial target

→ aim for 3 kt × y exposure
● Site: SNOLAB
● Technology: TPC? 

Single-phase?

● Requirements:
– 400 t UAr  → 5y operation of Urania+Aria 
– 100 m² photosensors → (digital?) SiPMs

● Immune to ERs at higher recoil energies thanks to PSD

https://indico.cern.ch/event/949705/contributions/4555514/attachments/2370966/4049321/LeptonPhoton2021.pdf
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LAr: Supernova Detection      
JCAP 2021, 043 (2021)

Image: G. Testera, LeptonPhoton 2021

Supernova detection in LXe
PRD 89, 013011 (2014)

 PRD 94, 103009 (2016)

https://indico.cern.ch/event/949705/contributions/4555514/attachments/2370966/4049321/LeptonPhoton2021.pdf
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Background dominated by irreducible neutrinos

DARWIN: The ultimate LXe WIMP Detector
darwin-observatory.org  JCAP 11, 017 (2016)

260 cm

Baseline design
~50t total LXe mass
~40 t LXe TPC
~30 t fiducial mass

260 cm
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  1 ty

 20 ty
 200 ty

Exposure

DARWIN

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

DARWIN: The ultimate LXe WIMP Detector
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   Spin-Dependent Couplings
● coupling of WIMP to unpaired nucleon spins
   → Xenon very favoured target
 

● traditionally separated in 
  proton-only and neutron-only
 

● same parameter space explored by
  indirect and collider searches

WIMP-neutron
scattering

JCAP 10, 016 (2015)
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DARWIN: Radon Background
WIMP ROI: 1–12 keV interval

XENON1T JCAP 04, 027 (2016)

Strategy DARWIN
  

–  active Rn removal via cryogenic distillation 
   → column developed for XENONnT is R&D for DARWIN

– avoid Rn emanation by  → 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
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 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.

Size challenge:Size challenge:  PANCAKE Detector PlatformPANCAKE Detector Platform
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 DARWIN Testplatform 
 in Zürich: 
 – 16 cm inner diameter
 – up to 2.6 m LXe height 

JINST 16 P08052 (2021)

Size challenge:Size challenge: Xenoscope Xenoscope Detector Platform Detector Platform
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XENON + LZ + DARWIN = XLZD
● Future merger of DARWIN / XENON + LZ collaborations 

to build and operate the next-generation 
liquid xenon observatory
→ new, stronger collaboration
→ will come once XENONnT and LZ are in 
 routine operation

● Now: paving the way with XLZD Consortium
→ MoU 2021: 104 group leaders from 16 countries
 

→ joint whitepaper on science published
 

→ first joint workshops
 

www.xlzd.org
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PandaX       

slide: PandaX (Nov 2021)

Hamamatsu R12699-406-M4

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

JINST 16 T12015  (2021)

Nature Phys 13, 212 (2017)

https://pnp.ustc.edu.cn/html/upload/2021/11/05/163612011630761000.pdf
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What (else) can 
we do with this

instrument?

other than WIMPs,

DARWIN = A low background, low threshold astroparticle physics observatory
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>1000 references

LXe Whitepaper

...

arXiv:2203.02309,  accepted by J. Phys. G

~600 authors
from XLZD

+ others
+ theory

~100 institutions
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Covers (probably) all science channels you can think of... 

LXe Whitepaper
arXiv:2203.02309,  accepted by J. Phys. G
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Solar Neutrinos

● DARWIN‘s low-E ER spectrum dominated by pp neutrinos (and 2νDEC+2νββ)
 

● distinct features in ν spectra allow extracting neutrino fluxes
  → full spectral fit of all components up to 3 MeV
     (possibility to enhance sensitivity by more sophisticated analysis)

 

JCAP 01, 044 (2014)
EPJ C 80, 1133 (2020)ER Spectrum in Xe

Backgrounds                                Signals 
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 Flux 

 νe survival prob. 

 weak mixing angle 

EPJ C 80, 1133 (2020)

          pp-Neutrinos in real time
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136Xe: 0ν double-beta Decay  

2νββ                    0νββ

● 0νββ candidate with Q
ββ

=2.46 MeV
 

● 40t DARWIN LXe target contains 3.5t of 136Xe without any enrichment!

ΔL ≠ 0

XENON1T σ/E ~ 0.8% @ Q
ββ

 
FWHM/E ~ 1.9% @ Q

ββ
EPJ C 80, 785 (2020)
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136Xe: 0ν double-beta Decay  
EPJ C 80, 808 (2020)

plot adapted from M. Agostini

half-life sensitivity: 2.4 × 1027 y
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Summary
spin-independent WIMP-nucleon interactions

APPEC Dark Matter Report
Rep. Prog. Phys. 85, 056201 (2022)

Taking data
  

Construction
  

Plan„neutrino floor“
PRD 89, 023524 (2014)

I did not talk about
projects probing
exclusively
low-mass WIMPs

● We will hit the neutrino floor soon (@ ~6 GeV)
● very large exposures (→ν-limited detectors) required to reach neutrino floor 
● proposals for LXe and LAr targets → exciting non-WIMP physics as well
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