
Colliding Pizza, Heidelberg 2016 1

Max-Planck-Institut für Kernphysik
Heidelberg

Direct Dark Matter Search
with XENON100 and
XENON1T

Sebastian Lindemann
June 20, 2016



Colliding Pizza, Heidelberg 2016 2

Dark Matter Indications

Astronomy Cosmology
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(Some) Dark Matter Candidates

Prerequisits:

cold (structure formation: no large free-
streaming)

electrically neutral (searches for CHAMPs)

abundance of 27 % (CMB)

cosmologically stable (gravitational effects 
today)

no strong interaction (cluster collisions)

+ additional motivation (smallness of 
neutrino masses; hierarchy problem; weak 
and strong unification; ultra high-energy 
cosmic rays; strong CP-problem) 

+ signals within reach

→ WIMPs

see last weeks talk from Nishita Desai

MOND/TeVeS: fails (so far) to simultaneously describe all different scales

MACHOs: likely ~ 20% of DM are massive astrophysical compact halo objects (but not all of it)
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Dark Matter Searches
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Direct DM Detection – What to expect?

(arXiv:1605.08788)

proportional to A2

requires nucleus 
with non-zero spin
(e.g. 129Xe, 131Xe) 
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Detector requirements
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Signal contour and exclusion curves

N counts in ROI for a given exposure: 

→ Statistically significant for given background?
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Direct detection experiments
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Liquid xenon (LXe) as detection medium



Colliding Pizza, Heidelberg 2016 10

Xe scintillation light: excited dimers

arXiv:1207.2292

Excitation:

Ionization:
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2­phase time projection chamber (TPC)
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2­phase time projection chamber (TPC)
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2­phase time projection chamber (TPC)

E. Aprile et al. (XENON100), 
Phys. Rev. Lett. 109, 181301 (2012)
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XENON Dark Matter Program @ LNGS
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XENON Dark Matter Program @ LNGS

XENON100
XENON1T

3650 m w.e. rock overburden
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The XENON Dark Matter Program
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XENON1T world map
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Direct detection limits (SI model)
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Direct detection limits (SD model)

WIMP-Neutron interaction WIMP-Proton interaction

adopted from arXiv:1509.08767
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XENON1T – next generation DM detector
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Construction of the TPC
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Construction of the TPC
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XENON1T – our first event
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Backgrounds in XENON1T
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Intrinsic (radon) background
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XENON1T radon budget
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XENON100­1:  100 Live Days publication
XENON100­2:  225 Live Days publication

XENON100­3:  Beginning of SR3
XENON1T: Commissioning Run

Detour: cryogenic distillation
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HeXe setup – probe Rn distillation 
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HeXe setup – probe Rn distillation 
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XENON100 distillation campaign
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XENON100 distillation campaign
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Active Muon Veto
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Detector calibration
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XENON1T(­nT) enters the game

arXiv:1512.07501
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Some final propaganda...

arXiv:1512.07501
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Vielen Dank für Ihre Aufmerksamkeit!

Thank you for your attention!
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XENON1T – ER background

arXiv:1512.07501
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XENON1T – CNNS background

arXiv:1512.07501
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