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The Dark Matter paradigm
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The evidence for the existence of Dark Matter (DM) is overwhelming, and 
comes from a wide variety of astrophysical measurements.

Velocitydispersionof spiralgalaxies

In the 1970s,Fordand Rubindiscoveredthat rotation curvesof galaxies
are flat. Thesimplestexplanationis that galaxiescontain far more mass
than canbe explainedby the bright stellarobjectsin the galacticdisks.

CosmicMicrowaveBackground
CMB temperature anisotropy
angular power spectrum seen by
Planck,with the predictionsfor the
best fit of the standardcosmological
modelparameters

Bullet clusterandgravitational lensing

Lensing and optical observation of
two galaxyclusterscollision. The DM
particles (blue) interacting only
weaklycouldpassthrougheachother
more easilythan the barionic matter
(pink).
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Detectionof Dark Matter
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Direct detection
Nuclearrecoilsfrom elasticscattering
Dependenceon A, J.
Local densitiyand v-distribution

Indirectdetection
High-energy neutrinos, gammas 
look at over-dense regions in the sky.
Astrophysicalbackgrounds are difficult
to model

Accelerator searches
MissingET, mono-ΨobjectsΩΣ ŜǘŎΧ
Can it establish that the new particle is 
the DM?

The most searched candidate is a Weakly
Interacting Massive Particle (WIMP) that
decoupledwhen non relativisticandare provided
by manytheoriesbeyondthe SMlike SUSY
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Standard recoil spectrum, i.e. differential event rate per unit detector mass:
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Physics

„ ᴼWIMP-nucleon 
cross section

ὓ ᴼWIMP mass

‘ ᴼWIMP-nucleon 

reduced mass

‘ ᴼWIMP-nucleus 

reduced mass

Target material

ὃᴼatomic mass of target 
material

ὊὉ ᴼThe finite size of 
the nucleus is implemented 
with a nuclear Helm form 
Factor 

Ὁ ᴼEnergy threshold

Astrophysics (DM halo 
properties)

”ᴼ local WIMP mass density

Ὢ○ᴼWIMP velocity distribution

ὺ ᴼminimum WIMP speed 
required to transfer an energy Ὁ
to the nucleus of mass ά in the 
detector.

Ὁ ᴼRecoiling nucleus energy

Ὁ χπkeV

ὺ ά ὉȾς‘

The WIMP spectrum



The DarkSideProgram
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Past Present Future

DarkSide-10
Technical prototype
No Dark Matter goal

DarkSide-50
Sensitivity to WIMP-
nucleon cross section 
ρπ ὧά for a WIMP 

mass of 100 GeV/ὧ

DarkSide-20k
Sensitivity to WIMP-nucleon 

cross sectionρπ ὧά
(ρπ ὧά ) for a WIMP

mass of 100 GeV/ὧ (1 TeV/ὧ) 
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Dual-phaseTPC: workingprinciple
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Time
Light collected by top and bottom PMT arrays
ω {м Ґ tǊƛƳŀǊȅ ǎŎƛƴǘƛƭƭŀǘƛƻƴ ƛƴ ƭƛǉǳƛŘ Ar
ω {н Ґ {ŜŎƻƴŘŀǊȅ ǎŎƛƴǘƛƭƭŀǘƛƻƴ ƛƴ Ar gas pocket
ω {м ϧ {н -> full energy deposition
ω 5ǊƛŦǘ ǘƛƳŜ -> vertical (z) position
ω {н /ƘŀƴƴŜƭ ƭƛƎƘǘ ǇŀǘǘŜǊƴ -> xyposition

Discrimination: Pulse Shape Discrimination (PSD)
Å Ar scintillation decays with 2 states, †singlet ͯ 7 ns

and †triplet ͯ1600 ns. 
Å NR produces more †singlet and less †triplet  states than ER.
Å f90 = the fraction of S1 light collected in the first 90 ns.
Å f90 rejection ͯ ρπfor single scatter ER

WhyArgon?

S2 pattern on
top PMTs 



NuclearrecoilsVS electron recoils
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ARGON: S1 PulseShapeDiscrimination(PSD)

XENON: S2/S1 

In DarkSide-50, we used the
discrimination parameter
f90, defined for each
scintillation event as the
fraction of primary
scintillation light (S1)
collectedin the first 90 ns of
the pulse.
Rejectionpower >107

ELECTRONIC RECOILS

NUCLEAR RECOILS

With the separation achievedby XENON100, it is found that a
99.5% Electronic Recoil discrimination corresponds to a 50%
acceptance of Nuclear Recoil events, while 99.75% ER
discriminationgives40%NuclearRecoilacceptance.

Argon has a fast component with a 7 ns decay time, or a slower 
component with 1.6 µs decay time depending on the nature of 
incident particle.

S1 (PE)


