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The DarkSide-20k detector: a dual-phase argon direct detection experiment
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Dark matter direct detection: what are we looking for?

WIMP

Elastic ‘:;/|J-|

collision

WIMP Target nucleus
v~220km/s || v~ 0km/s

¢S

1S

awin



Motivating boosted dark matter: looking beyond the A-CDM model
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Boosted dark matter: a two component model

Two component model

2 dark matter components: y, & y; (my > my)

Boosted dark matter can then be

detected via ¢  or nuclei scattering
In terrestrial detectors

1 created by y,, self-annihilation: yy Yo = Y111

Dominant y,, , subdominant y;, only y; couples to SM

1 kinematically boosted
: due to mass difference
m
\\/\ by a factor y = —

niy

1/A2

BDM has higher energy
than equivalent ‘normal’

T

Galactic Centre
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WIMP DM with mass m,

Can probe lower masses
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Boosted dark matter: expected interactions

Elastic scattering Inelastic scattering

o 1 scatters to an unstable particle (y,) following
Target: ¢~ or nucleus interaction in detector

¥, decays back to y; —> detector resolution limits

If this is detectable or merged with primary
interaction



Poisson counting limit: zero background 90% CL

10—31 .
10-33 .
2.3
o > —

toxp X Np X Flux X Efficiency | 10-3|
('\‘_' 10—37 .

-

L,
§ 10-39|

.

10—41

) .

4 —-43

v 10

4‘,

!r

W

8

IE 10—45 .

1

‘!r

V4

‘i,

.

-

NS5

:f:'/' - XelT - 5yr
. —— DEAP - 5yr
.= — LZ - 5yr
i —— DS50 - 5y
— DS20k (TPC) - 5yr projection
—-= DS20k (TPC) - full exposure (10yr)
— = DS20k (TPC & Inner Veto) - full exposure (10yr)
—-= DS20k (TPC, Inner Veto & Outer Veto) - full exposure (10yr)
2 10 20 50 100 200 500 1000 2000

Mgpm [MeV]




Elastic nuclear recoils: expected BDM event rate
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Energy spectra:

boosted dark matter signal

y = 1 corresponds to standard WIMP scenario
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Backgrounds: sources and mitigations

Cosmogenic muons

Underground detectors
and instrumented muon
veto

Radiogenic neutrons

Instrumented neutron
veto

Radioactive contaminants
from photosensors

Radio assay
photosensor materials

PAr & 3Kr 3 decays
from LAr bulk

Purified UAr

Radioactive contaminants
from detector materials

Radio assay materials



Detector response: ionisation spectra Shaded bands represent systematic errors
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Projected sensitivity: DarkSide-50
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Conclusions & future work

 DarkSide-50 and DarkSide-20k: both use LAr to search for GeV - TeV scale WIMPs
 Two-component boosted dark matter model presented

—> dark matter velocity boosted, generates higher energy recolls, allowing lower DM masses to be
probed in existing detectors

* Projected sensitivity presented for DarkSide-50
—> Sensitivity gained at lower masses
» Zero background sensitivity in DarkSide-20k shows promising potential
—> 2 - 4 orders of magnitude increased sensitivity compared to DarkSide-50

—> PLR in progress
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What is Boosted Dark Matter?

a) Elastic scattering

_________________

BDM formation and properties Yy Deedor T .
- y l DE
- 2 DM components: dominant y;, and subdominant y;, : ' |¢ i
my > m, - e/N T e/N

- ) forms by self-annihilation of ¥, in galactic centre:
XoXo = XX

X1 X1

Galactic Center

- X1 Is kinematically Lorentz boosted (y,) due to mass difference

between 2 components e/N SN ——

- higher energy (E; = y,;m,) compared to equivalent ‘normal’
DM with mass m,, allowing lower masses to be probed

- Only yq couples to SM

- BDM could then be detected via ¢ or nuclei scattering in
terrestrial detectors

- Paper refs



Expected event rate
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Expected flux
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