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https://docs.google.com/file/d/0B6f7ql_g_YvIUUxjcEwtNS04ZUU/preview
https://docs.google.com/file/d/0B6f7ql_g_YvIdURoaDJ6ZXNZcnc/preview
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● Indirect, accelerator and beam dump experiments
○ Satellite: e.g., Fermi-LAT, PAMELA, AMS-02, ...
○ Terrestrial: e.g, CTA, IceCube-Gen2, ... 
○ LHC, MiniBooNe, ...

● Astrophysics
○ New datasets and implications (e.g., GAIA; Sagittarius, S1 stream, ...)
○ Advances in simulations and modelling (e.g., baryon feedback)
○ Constraints from astrophysics (e.g., self-interactions)
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Direct Searches

● Direct searches for rare (<0.0001 /kg/day), low-energy (~keV) scattering of thermal relics (e.g. galactic WIMPs) 
○ Very sensitive detectors operating underground
○ Elastic scattering off nuclei, spin-independent, spin-dependent, EFT operators, inelastic scattering, electron 

scattering, annual modulation, signal directionality, …
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Liquid Argon 
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Crystals
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Crystals
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Directionality 
R&D Directionality 

useful here 
too!
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Liquid Xenon TPCs
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LZ @ SURF (USA)
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● Underground installation: NOW!
● Data taking: mid-2020 
● Sensitivity projection: 3 years, 5.6t fiducial target
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XENONnT @ Gran Sasso (Italy)
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Liquid Xenon TPCs
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LUX PANDAX-II XENON1T

250 kg
(100 kg)

580 kg
(362 kg)

2,000 kg
(1,042 kg)

3.4x10-46 cm2 2.5x10-46 cm2 7.7x10-47 cm2
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1.6x10-48 cm2 1.6x10-48 cm2
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LZ XENONnT

7,000 kg
(5,600 kg)

5,900 kg
(4,000 kg)



Direct Searches: The next generation
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DARKSIDE-20k @ Gran Sasso (Italy)

25D. Price, DMUK Meeting, Apr 2019

https://indico.fnal.gov/event/19947/contribution/19/material/slides/0.pdf


DARKSIDE-20k @ Gran Sasso (Italy)
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● Preliminary design report (20t): 1707.08145
○ Technical design report in prep.

● Design evolved from 20t -> 50t
○ to remain competitive with Xe
○ scale-up is >1,000x over DarkSide-50

● Large scale deployment of SiPMs
● High efficiency veto strategy

Data taking projected from start 2023
● Global Ar community
● Follows end of projected DEAP-3600 science run
● Aggressive timescale to be competitive with liquid Xe

Multiple targets useful for confirmation of WIMP-hypothesis

https://arxiv.org/abs/1707.08145#


SuperCDMS @ SNOLab (Canada)
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● 1.4 kg Ge and 0.6 kg Si crystals
● Targeting <10 GeV/c2 mass range

○ Sensitivity to sub-GeV dark matter
● Band gap in Ge is 0.7 eV, Si is 1.1 eV 

○ Energy thresholds in tens of eV range
● Operation at SNOLab from 2020/21   



CYGNUS (Directional R&D)
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● DRIFT: Directionality pioneer based at Boulby
○ DRIFT-IIe testing large area thick GEM readouts  

● CYGNUS: International collaboration of directionality experiments 
○ 25 institutes (Australia, China, Italy, Japan, UK, US); UK spokesperson
○ Negative ion SF6+He target with high demonstrated (UK)
○ Targeting low-mass WIMP region (~10 keV) with directionality and recoil discrimination
○ Distributed network of 10 m3 (CYGNUS-10) experiments at different latitudes
○ New sites at Stawell (Australia), Boulby (UK), Gran Sasso (Italy) for CYGNUS-UNDER 1m3 test 

CAJ O’Hare et. al. Phys. Rev. D 92, 063518 (2015)
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Direct Searches: The 3rd generation (‘G3’)
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Generation-3



‘Generation-3’ (G3) Projected Timescales

32

● 2019 - 2023   : LXe G3 R&D 
● 2023 - 2025   : Pre-construction phase for technical design
● 2025 - 2029   : Construction phase
● 2029 - 2034+ : Exploitation



‘Generation-3’ (G3) : WIMPs
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‘Generation-3’ (G3): An observatory
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● High stats confirmation/measurement or explore remaining ‘accessible’ WIMPs 

● Size + low-background + NR + ER = Science beyond standard WIMPs in Xe G3
○ Neutrinoless double beta decay; low-energy solar neutrino flux; solar axions; 

galactic axion like particles: supernovae; sterile neutrinos; … 

● R&D effort started/starting around the world:
○ WIMPs and Neutrinoless double beta decay

■ engineering issues related to up-scaling 
■ Identification and mitigation of non-fiducialisable backgrounds

○ Single electrons backgrounds (ionisation-only searches)
■ Optical and electrical properties of materials
■ Grids and HV delivery

○ Asymmetric dark matter / FIMPs (low threshold)
■ Light yield, ionisation yield
■ Migdal effect
■ Doping

○ Inelastic / magnetic dark matter (electron + nuclear recoils)
■ Position reconstruction

● Xe-based G3 R&D begun already in Europe, starting in the UK
● Co-ordinated U.S. proposals (XENON + LZ groups)

arXiv:1606.07001



Electron Recoil Physics in Xe
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37T. Shutt, TAUP, Sept 2019

R&D required!

http://www-kam2.icrr.u-tokyo.ac.jp/indico/event/3/contribution/13/material/slides/0.pdf


Dedicated low-mass WIMP experiments
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C. McCabe, PPAP Meeting, Sept 2019 T. Shutt, TAUP, Sept 2019

https://conference.ippp.dur.ac.uk/event/826/contributions/4518/attachments/3716/4249/mccabe_ppap_DM.pdf
http://www-kam2.icrr.u-tokyo.ac.jp/indico/event/3/contribution/13/material/slides/0.pdf
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Axions/ALPs 
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● Axions from QCD symmetry breaking mechanism
○ Light (order 10 𝜇eV) pseudoscalar, stable particles

● ADMX-Gen2 is a Dark Matter axion search using a tuned electromagnetic resonator in a B-field
● See also QUAX, IAXO, GNOME, CAST, …
● Low-ER direct detection experiments, e.g., Xe/crystals, can probe via axio-electric effect
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 http://qsfp.physics.ox.ac.uk  

http://qsfp.physics.ox.ac.uk/
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(Non-technical) Challenges/Questions
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(Or, reflections upon my ignorance…)

● What does signal look like?
● How do we calibrate? 
● Background subtraction?
● How do we verify potential discovery? 
● How do we map to accelerator and indirect searches?

Exciting research lies ahead!
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Thank you!



Extra slides...
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SENSEI
https://arxiv.org/pdf/1901.10478.pdf
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https://arxiv.org/pdf/1901.10478.pdf


ANAIS

48

https://arxiv.org/pdf/1903.03973.pdf

https://arxiv.org/pdf/1903.03973.pdf
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ARGO (liquid argon)
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XENON1T @ Gran Sasso (Italy)

51arXiv:1805.12562

● 2 ton LXe TPC
● Background: 82 events / (ton*yr*keV) in (1.4 - 10.6) keV 
● World-leading limits on WIMP interactions

○ S.I. WIMP-nucleon constraints: Phys. Rev. Lett. 121, 111302 (2018)
○ S.D. WIMP-neutron constraints: Phys. Rev. Lett. 122, 141301 (2019) 



LUX @ SURF (USA) 
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● First results in 2013, decommissioning in 2018
○ S.I. WIMP-nucleon constraints (Phys. Rev. Lett. 118, 021303 (2017)

○ S.D. WIMP-neutron constraints (Phys. Rev. Lett. 118, 251302 (2017)

● Axions/ALPs results (Phys. Rev. Lett. 118, 261301 (2017)

● Multiple analyses completed / ongoing (non-WIMP DM, modulations, multiple-scatter, EFT, ...)
● Calibrations and light/charge yields: strong legacy



PandaX @ Jin Ping (China)
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● 580 kg LXe TPC
● Very first results were competitive with LUX 

○ Rapid construction and deployment
○ S.I. constraints: Phys. Rev. Lett. 119, 181302 (2017)

● Science runs to be completed in 2019



XENON1T @ Gran Sasso (Italy)

54arXiv:1902.04031

https://arxiv.org/abs/1902.04031

