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4.4 WIMP searches

• Weakly-interacting massive particle as a DM candidate
– Low interaction cross section

– Low self-interaction cross section

– Non-relativistic → cold dark matter, galaxy haloes

– Produced in thermal equilibrium in early Universe
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Thermal argument for weak-scale interaction

• Abundance at thermal freeze-out can be computed from 
mass and self-annihilation cross section σ

– For ~100 GeV DM mass, weak-scale mediator provides 
annihilation rate compatible with current DM density

• Cosmologically favoured 
“WIMP DM” scenario

• Direct detection 
experiments already 
constrain WIMP 
scattering cross section 
to be much smaller than 
the SM weak interaction
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WIMP DM detection methods
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WIMP DM detection methods
This chapterSeen in 2.1
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WIMP direct search experiments

• Need extremely low background levels
– Deep underground → shielded from cosmic rays

– Clean laboratory → low radioactivity

• Gran Sasso (Italy), Sanford (South Dakota), Sudbury 
(Canada), Jinping (China)...

• Detection techniques 
– Elastic nuclear recoil above 

backgrounds
• Phonons

• Photons

• Ionisation electrons

– Annual (or diurnal) modulation
• DM “wind” changes direction 

as the Earth revolves 
around the Sun → change 
in event count rate 
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Useful notions
• Models of distribution of dark matter in the galaxy (still disputed)

– Local dark-matter density at Earth location ρ ~ 0.39 GeV/cm3

•  Local average dark-matter velocity distribution f(v)

– Sun velocity around galactic center v0 = 220 km/s

– Earth velocity around Sun ve = 30 km/s

– Also truncated at galactic escape velocity vesc = 533 km/s

• Flux of dark-matter particle X with mass mX 

– 105 cm-2s-1 for mX = 100 GeV 

• Elastic-scattering maximum recoil energy on nucleus mN

typically below 
detection threshold 
for m

X
 < 1 GeV   

(n = particles / cm³)
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DAMA/LIBRA (Dark Matter / Large sodium Iodide Bulk for RAre processes)
Eur. Phys. J. C 73, 2648 (2013)

• Located at Grand Sasso

• Target-detector 
– ~250 kg radiopure NaI(Tl) crystal 

scintillators 

• Search for DM annual modulation signature 
in single-hit events

– Expect highest signal rate around 2nd June 
and smallest rate around 2nd December

– Model independent, probe wide range of 
dark-matter scenarios

• 7 annual cycles (14 when combined with DAMA/NaI)
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DAMA/LIBRA results
Eur. Phys. J. C 73, 2648 (2013)

• Modulation observed with right period and 
phase at 9.3σ C.L. (!)

– Compatible with dark-matter hypothesis

– DAMA collaboration claims this cannot 
be explained by known systematics 
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DAMA/LIBRA non-dark-matter interpretation
Phys. Rev. Lett. 113, 081302 (2014)

Background neutrons can give 2-6 keV single-hit signals in DAMA

• Neutrons induced by cosmic-muon inelastic scattering in surrounding rock
– Muon flux depends on atmosphere density

– Peaks in high Summer, ~1 month later than observed signal

• Neutrons induced by solar-neutrino inelastic scattering
– Peaks at perihelion, January 4th

• Combination of the two could shift the phase and fit the data

• Model can be tested with measurements at different depths



10

CRESST (Cryogenic Rare Event Search with Superconducting Thermometers)
Eur. Phys. J. C 72, 1971 (2012), Eur. Phys. J. C 74, 3184 (2014)

• At Grand Sasso

• 10 kg CaWO4 crystals

• Phonon (vibrations) signal
– Transition edge sensor (TES) 

at 10 mK → tiny 
temperature change 
causes transition between 
normal and 
superconducting states 

– Measure tiny recoil energies  (~15 keV)

• Coincident scintillation light
– Ratio phonon to light → discrimination against backgrounds 

(radioactive decays and neutrons)

• CRESST-II phase 1: 67 events in signal region – 4σ excess ! 

• Upgraded CRESST-II: excess not confirmed
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CDMS (Cryogenic Dark Matter Search)
Phys. Rev. Lett. 111, 251301 (2013), arXiv:1509.02448 (2015)

• At Soudan Underground Laboratory

• 4.6 kg Ge and 1.2 kg Si at 40 mK 
– Superconducting transition edge sensors for phonons 

– Semiconductor for ionisation; ratio for discrimination

• CDMS II 
– 3 WIMP-like candidates, excess

• CDMSlite 
– high bias voltage to amplify phonon signal 

– Recent competitive limits at low WIMP mass

• SuperCDMS
– 10 kg initially, then plan to increase mass by factor 10 and 

operate at deeper SNOLAB facility
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DAMIC (Dark Matter in CCDs)
Phys. Lett. B 711, 264 (2012)

• Test at shallow site, 0.5 g CCD 

• Developments in Charge-Coupled Device (CCD) technology
– Fully-depleted thick detectors → target 10x more massive 

than conventional CCDs

– Low noise level → very low detection threshold

• Experiment specialised for low-mass WIMPs, down to 1 GeV

• Need exposure in deep site with more shielding
– 1 g CCDs at SNOLAB

– DAMIC100: 5.7 g CCDs for total 0.1 kg
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COUPP (Chicagoland Observatory for Underground Particle Physics)
Phys. Rev. D 86, 052001 (2012)

• At SNOLAB

• 4 kg CF3I bubble chamber

– At appropriate pressure and temperature, 
electrons and photons do not nucleate 
bubbles

– Bubbles from nuclear recoils; remaining 
backgrounds from neutrons and α-
decays

– Bubble monitors: 

• CCD images → trigger, bubble number and position

• pressure change → confirm bubble count

• acoustic emissions → characterise event type

• 20 candidate events 

– ~5 identified as internal neutron background from U and Th

– Remaining present characeristics of additional background
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LUX (Large Underground Xenon – same principle as XENON experiment)
Phys. Rev. Lett. 112, 091303 (2014)

• At Sanford Underground Research Facility

• 370 kg of liquefied ultra-pure xenon
– Prompt scintillation light (S1)

– Ionisation electrons drift in 
electric field and produce 
secondary light (S2)

– S1 and S2 read out by PMTs

– Timing allows 3D 
reconstruction

• Self-shielding dense Xenon
– Very quiet region at the center 

(fiducial volume 118 kg)

– Use surrounding as a veto

• Results compatible with background-only hypothesis
– Best limits over wide WIMP mass range (8-5000 GeV)
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Quiz

What can constitute an irreducible background in 
underground WIMP DM searches?

A) Neutrons from muon and neutrino interactions

B) Neutrons from spontaneous fission

C) Alpha decays

D) Neutrino coherent elastic scattering
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Quiz (answer)

What can constitute an irreducible background in 
underground WIMP DM searches?

A) Neutrons from muon and neutrino interactions

B) Neutrons from spontaneous fission

C) Alpha decays

D) Neutrino coherent elastic scattering

A, B and C can be reduced by adding more shielding, preferably 
active shielding. 

Solar and atmospheric neutrinos can cause nuclear recoils 
which fake WIMP signals by interacting with the nucleus as a 
whole – for ν energy 50 MeV or lower, otherwise the nucleons 
are resolved. This process is interesting in itself and has not 
been measured yet because its cross section is tiny. It also 
means this background will become relevant for very large 
detectors, setting a lower limit on the WIMP cross sections 
that can be probed in practice. 
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Spin-independent limits
Prog. Part. Nucl. Phys. 85, 1 (2015)
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Updated results at low mass
arXiv:1509.02448 (2015)

CDMSlite

LUX

CRESST-II

DAMIC

Blind spot : recoil 
energy too small 
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Direct WIMP searches – summary

• Massive long-lived weakly-interacting particles
– DM candidate favoured by cosmological arguments

• Underground detectors
– High shielding → low backgrouds

– Large target → sensitivity to small scattering cross sections

– Various recoil energy detection techniques → probe WIMP 
masses between 1 GeV and 10 TeV

• No confirmed signal to date
– Some claims were disproved – potentially explained by tricky 

backgrounds or instrumental effects

– The search continues – bigger, better techniques

Next chapter: search for exotic compact macroscopic objects       
              (>> planck mass)
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