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DARWIN

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

DARWIN: The ultimate LXe WIMP Detector

Join forces to realize larger LXe target
→ even more science potential
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Reaching the Neutrino Fog

 

Xe:  200 t×y

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

arXiv:2203.08084
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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
→ 200 t×y exposure

260 cm
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The DARWIN Collaboration

200 members from 35 institutions in Europe, USA, Asia, Australia



M. Schumann – DARWIN 6

The DARWIN Collaboration

200 members from 35 institutions in Europe, USA, Asia, Australia
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DARWIN Baseline Scenario

● 2.6m dual-phase TPC: 
– 40t target, 50t total

● Two PMT arrays
– 955+955 3“ PMTs (R11410)

● Lightweight TPC design
– 24 PTFE segments 
– 92 OFHC field shaping rings

● backgrounds dominated 
by neutrinos

● Low-background Ti cryostat
● Gd-doped water-based neutron veto
● Location: LNGS

260 cm

260 cm
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DARWIN @ LNGS

● DARWIN reports regularly to LNGS scientific committee
● Submitted LoI to LNGS in summer 2019
● Currently discussing space available in Hall C with LNGS director
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Cosmogenic Background at LNGS
● Update: Study of cosmogenic production of 137Xe
● 137Xe is in ROI for 0νββ
● New result shows that background contribution from 137Xe activation is 

8x smaller at LNGS than assumed earlier [DARWIN: EPJ C 80, 808 (2020)] 
and below 8B contribution for all sites

arXiv:2306.16340

µ-induced 137Xe production rate:
Most 137Xe is produced by 136Xe 
capturing neutrons produced by
muons crossing water shield

see also talk by Alex Lindote
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DARWIN Backgrounds

Electronic Recoils   Nuclear Recoils
(gamma, beta)          (neutron, WIMPs)

only single scatters

Xe-intrinsic bg:
222Rn, 85Kr, 2νββ

 pp+7Be neutrinos 
 → ER signature

 high-E neutrinos 
→ CNNS bg
→ NR signature

Neutrinos dominant (→ ERs+NRs)
 

Remaining backgrounds:
 

– Detector materials (→ n)
– Xe-intrinsic isotopes (→ e–)
 

(assume negligible 
  µ-induced background)

neutrons from
(α,n) and sf

JCAP 10, 016 (2015)JCAP 10, 016 (2015)

neutron 
veto
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Water Shield @ LNGS

Borexino
XENON

Full MC Simulation for LNGS (3600 mwe)
 

– external γ, n background irrelevant after >2.5m
 

– critical: µ-induced neutrons of high energy
 

– studied several water shield geometries
   between XENON and Borexino tank
 

   ►12m tank: ~0.4 n/(200 t×y)
   ►Borexino: <0.05 n/(200 t×y)
 

– Gd-loaded water n-veto further reduces numbers

Borexino
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Radiogenic Neutrons
● Detailed simulation study

– radiogenic NRs add up to 17% of atmospheric neutrons 
   → aim for further optimization

P R E L I M I N A R Y
Julia Dierle (PhD thesis)
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Electronic Recoils

DARWIN goals:

85Kr: 0.03 ppt

222Rn: 0.1 µBq/kg
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Same Technology – Different Detectors

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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● For the first time, shape of low-E background spectrum 
  dominated by second order weak decays (0νββ of 136Xe, 2νECEC of 124Xe) 

● world-record low ER background level:  (15.8±1.3) evts/(t×yr×keV) 

PRL 129, 161805 (2022) 
XENONnT Lowest Background
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DARWIN: Radon Background
WIMP ROI: 1–12 keV interval

XENON1T JCAP 04, 027 (2016)

Strategy DARWIN
  

–  Rn removal via cryogenic distillation 
   → XENONnT column is R&D for DARWIN
   → new ERC AdG „LowRad“      EPJ C 82 (2022) 1104

 

– avoid Rn emanation by  
→ optimal material production    
→ material selection
→ surface treatment  
→ optimized detector design
 

Goal:
ER background dominated
by solar neutrinos
 
222Rn emanated from all 
detector surfaces. 
Need concentration 
     factor ~50 below XENON1T
     factor   ~8 below XENONnT
 

→ main background challenge
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DARWIN R&D: Examples
Rn Mitigation, Analytics

Cryogenic Distillation
 

● Kr removal: purification of Xe gas
   85Kr in XENONnT: 0.05 ppt (prelim.)
  → DARWIN goal ~achieved
 

● Online Rn-removal system
  →purification of GXe and LXe  
 

● R&D on integration of purification,
  Kr/Rn removal and diagnostics 
  into one system

Purification
 

● Rn-free pumps,
  compressors 
 

● Liquid Xe
  purification

 

JINST 16 (2021) P09011

Krypton
Xenon

Rn Mitigation
 

● Surface coating
● Electro-deposition techniques
  → factor 2000 demonstrated
● optimize TPC design

Analytics
 

● material screening
● Rn emanation
  → Auto-Ema @ MPIK
● Kr-in-Xe measurements
  → ppq-sensitivity EPJ C (2014) 74

● Key technology: 
  Xe/Kr/Rn separation
   → novel materials

 

 

Kr and Rn Removal, Xe Purification
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 DARWIN LXe test platform in Freiburg: 
 – 2.75 m inner diameter
 – up to ~15 cm height (~3 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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PANCAKE: LXe Filling
14 days in 10 seconds
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 DARWIN Testplatform 
 in Zürich: 
 – 16 cm inner diameter
 – up to 2.6 m LXe height 

Size challenge:Size challenge: Xenoscope Xenoscope Detector Platform Detector Platform
JINST 16 P08052 (2021)
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           PhotosensorsNeutron Veto

DARWIN R&D: Examples

R11410 Baseline  JINST 16 (2021) P08033

→ improve radioactivity

R13111 3“ XMASS JINST 15 (2020) P09027

→ curved window

R12699 2“ flat-panel
→ fast, low-radioactivity

SiPM JINST 18 (2023) C03027, 
JINST 13 (2018) P10022

→ lowbackground, DC rate?

Digital SiPMs
→ goal: DC rate similar to PMTs

Hybrid Detectors: Abalone
NIM A 954 (2020)

→ low background, HV?
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Summary

DARWIN / XLZD

LZ

DARWIN 

● DARWIN is a well-established project
→ can be viewed as final stage of XENON

● 2009: approval by Aspera network in 2009
● 2017: moving from a consortium to a 

collaboration (MoU, governance etc.)

● 2020: Japanese groups from XMASS join
● 2021: XENON + LZ + DARWIN = XLZD

 

● DARWIN is on the APPEC roadmap and 
endorsed by several national European 
strategy roadmaps (XENON on several more)

● Significant R&D funding since several years 
(>15 M€)
– national funding (DE, CH, IT, FR, SE, IL, ...)

– 3 ERC grants
– 10+ t of Xe gas owned by groups

● ongoing discussions with LNGS on siting 
and lab requirements
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