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Evidence of Dark Matter presence in the Universe
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Cosmic Microwave Background Anisotropies

24 5% of matter in the
Universe is Dark Matter




How to explain Dark Matter?

In the most favoured theories Dark Matter is composed of a massive
particle not included in the Standard Model

Multiple candidates
( , : )

Massive particles which interact through a force as weak as
or weaker than the weak nuclear force

We can try to study WIMPs in different ways:
- Production
- Direct detection

- Indirect detection
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The goal is to measure the energy spectrum of WIMPs

scattering against a target
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Observables of the experiment are WIMP mass No signal

and cross section

Cryogenic Superheated
bolometers liquids

PHONONS / HEAT

Cryogenic bolometers M. Scintillating eryogenic
with charge readout / ) bolometers

Germanium / Tt s % Scintillating

detectors N, crystals

CHARGE  UGHT

Liguid noble-gas
dual-phase time
projection chambers

Directional
detectors

Liquid noble-gas
detectors

Heat production ( )

Atoms excitation ( )

Atoms ionization ( )

detected |



DarkSide-50

Goal of the experiment: direct detection of WIMPs
- Since 2013 is acquiring data @Laboratori Nazionali del Gran Sasso (LNGS)

- Employs a 50 kg Liquid Argon target
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« Time Projection Chamber (TPC)
WIMPs detector

 Liquid Scintillator Veto (LSV)
detects neutron-induced events

« Water Cherenkov Detector (WCD)
detects muon-induced events
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Liquid Argon (LAr) Time Projection Chamber (TPC)

WIMPs detector which takes advantage of (S1) and (S2)
in Liquid Argon

Top PMT array
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- Singlet (°), with mean lifetime
- Triplet (1), with mean lifetime

neutrons/WIMPs (Nuclear ecoils) - Light emission from = states is prevalent

-5 (Flectron “ecoils) - Light emission from ' states is prevalent
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First data collection
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- 70 days of data
- 0 events in the WIMP Search Region after data analysis
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Cherenkov+ER events

. 1s emitted when a charged particle passes through a dielectric
medium at a speed greater than the speed of light in that medium

Cherenkov events alone are NOT a problem for the experiment ( ):

Fused Silica i Fused Silica
Ar gas pocket Ar gas pocket

Fused Silica (FS) Cherenkov + Teflon (Tef) Cherenkov +
Scintillation Coincidence Scintillation Coincidence

However, they might be problematic if:

-> gcatters in / -> e- emits light + y causes "I? in Ar



Cherenkov + ER events background

prompt light coming from Cherenkov radiation adds up to an ER event

I tried to visualize this effect:

ER events DM search box
ER events adding 10-40 prompt ER events adding 40 prompt
Photoelectrons (PE) Photoelectrons (PE)
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Sample of Cherenkov + ER events

I found 8 events inside the DM search box in the campaign:

- We can get rid of 5 events using standard cuts
- Remaining 3 events can be eliminated using the veto system ( )

(»1!‘_)27

For the upcoming campaigns (longer data collection) a specific cut for this type of
events would be much more reliable:
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Colors: events fi =18l
AINbe Cd

350 0

. in this case there is a
partial separation between the
two families, but not enough to

design a new cut




CONCLUSIONS

- At the current day there isn’t a specific cut for ;
which is the one for the experiments.

« Attempt to better undestand this background through

simulations

« The DarkSide Collaboration plans to replace DarkSide-50 with a
new experiment:

« Cherenkov+ER events could still be a problem in the new
experiment, but fiducial cuts might solve it
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“I can't tell you what's in the dark matter
sandwich. No one knows what's in the
dark matter sandwich.”
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A family of the events appear:
caused by Cherenkov
radiation

( : ).

is all ,
instead light coming from LAr
is not all prompt

140
s1 [pe]
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(22Na campaign)




S1 ASYMMETRY IN 22NA

Could be used to see if Cherenkov events are coming from glass or teflon

Counts
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Run 12535 Event 13798 TPC All Channels Run 12535 Event 13798 LSV Sum Channels
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