








INTRODUCTION

DARK MATTER CANDIDATES

Bertone and Tait, 

Nature 562,  

51–56 (2018)





PRODUCTION AT COLLIDERS

HOW TO SEE IN THE DARK?
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DIRECT DETECTION

DARK MATTER PARTICLE INTERACTIONS
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ASTROPHYSICS

LOCAL DARK MATTER DENSITY

▸ Local measures: vertical kinematics of starts 

near Suns as ‘tracers’ (smaller error bars, 

stronger assumptions about the halo shape) 

▸ Global measures: extrapolate the density 

from the rotation curve (larger errors, fewer 

assumptions)

Gaia mission: data from 1.4 x 109 stars
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Piffle et al, 2014, MNRAS 445. 3133 

see also  

J. Hagen & A. Helmi,  A&A 615, 2018 for somewhat 

higher dark matter densities (0.018 Mo/pc3)



























BACKGROUNDS AND SHIELDS

GO UNDERGROUND

▸ Bad news: you can’t 

shield neutrinos 

▸ Good news: 

eventually these will 

be one of your signals
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LNGS, about 3600 m water equivalent

Figure by SuperKamiokande



















SOME PICTURES

CRYOSTAT AND WATER CHERENKOV SHIELD

�34XENON collaboration, JINST 9, 2014



SOME PICTURES

CRYOSTAT AND WATER CHERENKOV SHIELD

�35XENON collaboration, JINST 9, 2014































LAST SLIDE

SUMMARY AND OUTLOOK

▸ The first multi-ton scale LXe-TPC was operated > 1 y 

▸ Achieved the lowest background in a dark matter detector  

▸ Result from an analysis of 1 tonne year exposure: the strongest upper limit on SI 

WIMP-nucleon cross sections for masses > 6 GeV, with 4.1×10-47 cm2 at 30 GeV 

▸ XENON1T acquires more data until its upgrade, XENONnT, is ready for 

installation at LNGS 

▸ Many analyses in the pipeline (DEC, 0νββ-decay, annual modulation, low-mass 

WIMPs, bosonic SuperWIMPs, etc) 

▸ XENONnT and DARWIN are designed for a factor 10 and 100 increase in 

sensitivity, respectively
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Of course, “the probability of success is difficult 

to estimate, but if we never search, the chance of 

success is zero” G. Cocconi & P. Morrison, Nature, 1959
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THE END



LAST SLIDE

SUMMARY & OUTLOOK

▸ ‘Thermal dark matter’ particles cover large mass & cross section range 

▸ A variety of technologies employed for their detection & many new ideas 

▸ So far: we have mostly learned what dark matter is not… so we have been 

narrowing down the options; but, tremendous progress over the past 

decades, and expected for next 

▸ Pragmatic goal: broaden the searches & probe the experimentally 

accessible parameter space 

▸ Rich non-WIMP physics programme (neutrinos, axions/ALPs, dark photons, 

etc) & remember that today’s background might be tomorrow’s signal
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INTRODUCTION

DARK MATTER AND THE CMB

ΛCDM -> best fit to the Planck data
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