Direct detection of WIMPs
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e Program:

— Principles of direct detection

* Characteristics and signatures of dark matter
* Cross sections for scattering on nucleons and form factors
* Generic result of a dark matter experiment

- Background sources, statistics and calibration of dark matter detectors
* Sources of background: external and internal
* Detector signals and background reduction
x Statistical treatment of data
* Detector calibration: energy scale and signal /background regions

— Technologies and results of direct dark-matter searches
* Room temperature detectors: scintillator crystals and germanium detectors
* Cryogenic bolometers
* Liquid noble-gas detectors
* Superheated fluids
* Directional searches
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e Material for the lecture:
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Figure 1: (Left) Event rates as function of nuclear recoil energy for different target materials assum-
ing a 100 GeV/c?> WIMP mass and an interaction cross section of 10745 cm? (solid lines). (Right)
Event rates for argon and tungsten. Dotted line: no form factor correction. Dashed line: for a
25GeV/c?* WIMP mass. Figures from arXiv:1509.08767.
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Figure 2: Left: Scheme of the kinematic that give an annual modulation of the dark matter rate.
Right: Structure factor Sg(u) for 12Xe (black dots) in comparison with the Helm form factor

(red) and the Fitzpatrick structure factor. Figure from L. Vietze et al. PRD 91 (2015) 043520 and
arXiv:1412.609.
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Figure 3: Directionality signature: (top) WIMP flux in the case of an isothermal spherical halo,
(middle) WIMP-induced recoil distribution and (bottom) a typical simulated measurement: 100

WIMP recoils and 100 background events (low angular resolution). Figure from J. Billard et al.
2010.
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Figure 4: Sensitivity of direct detection experiments for different parameters. = From
arXiv:1509.08767.
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Figure 5: Left: Background spectra of a Ge detector without shield (top), with 15cm lead shield
(middle), and with shield and at 500 m.w.e. (bottom). Right: Muon flux measured for the various
underground sites as function of the equivalent vertical depth. Figure from arXiv:1509.0876.

Figure 6: Examples of detector shielding, DAMA detector (left) and XENON100 detector (right).
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Figure 7: (Left) Contributions of different background sources to the ER region for XENONIT.
(Right) Spectral shape of coherent neutrino scattering in xenon. Figures from XENON Coll.,
arXiv:1512.07501.
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Figure 8: Illustration of different statistical methods used to derive results from direct detection
experiments. Figure from arXiv:1509.08767.
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Figure 9: Schematic representation for the calibration of signal and background regions for
different types of detectors: germanium (left), LXe (middle) and LAr (right). Figures from
arXiv:1509.08767.
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Figure 10: Schematic of signals in different detection technologies. From arXiv:1509.08767.
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Figure 11: Residual rate of single-hit scintillation events by the DAMA /LIBRA experiment in the
(2 — 6) keV energy region as a function of time. Figure from DAMA Coll., EPJC56 (2008) 333.
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Figure 12: Left: Schematic representation of a cryogenic bolometer. Right: Ionisation yield and
timing parameter for electronic recoils, nuclear recoils and surface events. Figure from CDMS
Coll., Phys. Rev. Lett. 102 (2009) 011301.



Figure 13: Events in a superheated-liquid bubble chamber (1.5kg of CF3l). A: muon track, B:
nuclear recoils from neutrons, C: expected signature of a WIMP interaction, a single nuclear recoil
bubble. Figure from E. Behnke et al., Science 319 (2008) 933.
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Figure 14: Schematic representation of the detection principle for cryogenic bolometers (left) and
for directional detectors (right). Figure from arXiv:1509.08767.
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Figure 15: Spin-independent direct detection results: solid curves represent published results
while dashed lines are projections for the future. Neutrino floor represented in orange.



