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© The DarkSide-20k experiment 1/2

- Currently under construction
- Should start data taking in 2027

TPC: 50t
Underground argon
(UAr)

Inner veto

(neutron veto): 32 t
UAr

Outer veto
(muon veto): 650t
Atmospheric argon

TPC photo-electronics
2x10.5 m2 SiPMs

arrays
2112 readout channels
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The DarkSide-20k experimen
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© DarkSide-50 recent results
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DarkSide-50 low mass analyses
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8448 photosensors
(arrays of 24 SiPMs)

One SIPM

Use SiPMs
Reduced radio-activity wrt PMTs

URANIA UAr

Dominant at low Ne  Extraction facility

—reduced contamination

Less ER background —

benefitting to the low mass

analysis
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Background sources m DarkSmIe-ZOk

Building the
background model

* Consider all sources of non-DM
interactions that look like one

* DM-like: single interaction in
the TPC ("single scatter”)
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DarkSide-20k

Background sources in

Building the
background model

SiPMs area

' T e e e

4 GAr (ngtto sfl‘)

* Consider all sources of non-DM
interactions that look like one

* DM-like: single interaction in
the TPC ("single scatter”)

Single interaction
=> |n the
backgrounc
mode
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(“multiple scatter”) =>
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May arrive close

Sis in time and look

like a multiple
scatter

DarkSide-20k low mass analy

Pile up
* Expect 80 Hz from f, X and y backgrounds
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* Selectisolated S2, with other S2 occurring TPC:

at times greater than one maximum drift 49.7 t UAr c :j

time (3.7 ms) k¥

(O '\

51% of effective livetime = 5

x0.51 4. -

Fiducialization 5 :;

Radial: 30 cm fiducialization from the walls X :\-

Drift direction: no fiducialization 2
69% of signal acceptance x 0.69

Exposure = 17.4 ton.year DS-20k inner detector

for 1 year of data taking
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DarkSide-20k low mass background model
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Simulated with a
GEANT-4 based
simulation tool

~ 2.5x reduced
bkg
contamination

per surface area
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DarkSide-20k low mass background model

External y-ray and X-ray backgrounds

~u TV,

| 1
Model B PDMs = --'-- SE Photo- | :
------ ¥ar ------ TPC ----- CEWNS | electronics Al
- - ®gr Vessel -~ - V-ES (called PDMs) |
----------- WIMP m, = 2 GeV/c2?, Og = 3.107% o B )
L N — .y
\ == 7= - J
-‘ -~
\
N Dmwee—————— e,
_’,/I”’ ‘\\ """""""""
L “ ",‘/
\ PO
\ x"’
o ——
;"'7. e - - ~ P d ® ®
.......... \ R pit Radio-contamination
"""" \ == - T
T \ _—— —_———— - . °
- Ty S e estimated fromm material
~ . - "\"./" VAR ol
__________ g -
L ',‘ P . T assays
.l. 1 o A"
0’ ‘ 4 ° ]
,.I ;‘ Rad |O'pure Stalnle SS Radio-contaminant Activity (Bq)
j' ,~' 5 TPC PDMs SS vessel
i 4. steel vessel =) up 6.1 3.5 21
- H .,' i T 238 mid 11.5 18.4 8.8
o : . LS 238 low 16.4 449 62
s : B =My, ze T 4.2 17.8 33
I : i ) 25y 0.7 1.8 1.0
| i’ | | | | L1 | L= I I i I | I I - | ¥Cs 2.5 2.9 5.0
3 10 50 100 170 I 20 l 19
0K 102 269 49




O

DarkSide-20k low mass background model

Spurious electron (SE) background
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SE 18x lower than

3Arat N,=4

2 fit scenarii:

* Conservative
(almost indep. of
SE modelling): Fit
from N, =4
(DS-50 strategy)

* Ultimate: Fit from
N, =2 assuming
good control of
rate and spectral

shape of SE in
DS-20k



* Mostly from 1
solar neutrinos 3
(7Be, 150, pep, © 0.1
8B, hep) X
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DarkSide-20k low mass background model

Neutrino backgrounds
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CEvNS

Mainly from solar 8B v
(Egep < 10 keVy)

- Mainly from pp (+ ’Be) v
(Egep < 20 keVer)

-+ Dominates over CErNS at
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Standard Halo

Model
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Systematic uncertainties

Source uncertainty Affected
components
o |15% on the exposure All
S [15% on °°Ar activity >?Ar
% 15% on °°Kr activity *Kr
= 120% on SE normalization SE
< [10% on activity from PDMs PDMs
10% on activity from the vessel |Vessel
10% on activity from the TPC |[TPC

10% on neutrinos normalization

Neutrinos

Shape

atomic exchange and screening

atomic exchange and screening

1% on the °” Ar-decay Q-value

0.4% on the °*°Kr-decay Q-val

SE modelling

SE

ER ionization response

All backgrounds
but CEvNS, SE

NR ionization response

WIMP, CEvNS

Main bkg
components and
ER ionization
yield —
Dominant
systematic
uncertainties &
constrained by
the fit
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Assuming 1 live-year

of data taking

- More than one order
of magnitude of
uncharted theory
parameter space will be
probed

= Stable against detector
model assumptions

DarkSide-20k will lead
the low mass WIMP
search below

m, ~ 5 GeV/c? after only
one year of data
collection
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DarkSide-20k sensitivity to low mass WIMPs
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PandaX-4T 2023
XENONNnT 2023
PandaX-4T 2023
LUX 2021
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Pico-60 2019
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LUX 2017
DAMA/LIBRA 2008
Excluded region

LAr Neutrino fog n=2

Xe

experiments



Assuming 10 live-

years of data taking

- Scales with \/ exposure

DarkSide-20k will reach
the neutrino fog around

m, & 5 GeV/c? after 10
years of data collection
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DarkSide-20k sensitivity to low mass WIMPs
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Migdal followed by
de-excitation light —

Including Migdal effect

Emitted Migdal
Electron

-34
10 DS-20k - 1 year
N'_' 35 =T QF - Ne- =2
E 10 DS-20k - 1 year
Migdal effect: due to O — "7 ER Migdal - Ng- =2
the displacement - 10—36 |
between the electronic T | T N Nl s e DS-20k - 1 year
cloud and the nucleus — R QF - Ne- =4
g 10_37: e, VXBO DS-20k - 1 year
~ = "" ER Migdal - Ne- =4
~ S
Incoming neutral c 10—38 | \\\ ...... ——— DS-50 - QF - 2023
particle that induces a N (@) N T,
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. . . 3 _s0 A NS SN, XENONnT 2023
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. .
eﬁect a-; 10-41 | \ A '\',\\. ——— XENONI1T 2021
: * o,
* Electron released in NR ) \ . SHLy] — Cresst-III 2019
. P 10-42 ‘. — ON1 2019
Lower the detection threshold T 1° M RERONST ME
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[ [ . . ~ ..
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- Expect > 1 order of
magnitude improvement wrt
to current experiments in 1y only

m, [GeV/c?] . .
* Assuming 1 live-year

of data taking
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Light dark matter (LDM)

90% C.L. limits

electrons

Expect > 1 order of

magnitude improvement

of Light Dark Matter (LDM) off bound |wrt to current experiments

LDM = Sub GeV fermion or scalar boson

Mediator can be light

Fpm = (ame/q)?
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Expect ~3x
improvement wrt to

ALP and dark photon (DP)

of ALP/DP by bound electrons — current experiments in 1y
mono-energetic signal only

ALP = pseudo scalar particle DP = vector boson particle

Kinetic mixing between DP and SM photons —
strength k

Assuming 1 live-year ot data taking

Coupling ALP - electrons — g4,

o/ C I‘ o ___ Ds-20k - 1 year E ____ DsS-20k - 1 year
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Sterile neutrino v,

off bound

of sterile v,
electrons

PMNS-like matrix element | U, \2

Possible mixing with active neutrinos —
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Best direct limits (1 live-
year) but phase space

already rejected by
NuSTAR indirect
measurements
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DS-50 2023
%3Ni B Spectrum
17710 B Spectrum

353 B sSpectrum

Excluded region

Assuming 1
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Conclusions

90% C.L. limit
* First assessment of DarkSide-20k sensitivity ) i

_ DS-20k - 1 year
10 395_ QF - Ne‘22

to low mass dark matter particles

DS-20k - 1 year
QF - Npo- =4

—— DS-50 - QF - 2023
—— PandaX-4T 2023
XENONNnT 2023
PandaX-4T 2023
LUX 2021
—— XENON1T 2021
—— Pico-60 2019
—— CDMSlite 2018
LUX 2017

| DAMA/LIBRA 2008

=
o
|

=

o

* Further strengthens the physics reach of
DarkSide-20k with a leading role below
5 GeV/c?

* Expectto probe > 1 order to magnitude of

=
o
|

B

[

=
o
|

=

N

=
o
|

S

W

Excluded region

un-charted theory parameter space within 1

LAr Neutrino fog n=2

Dark Matter—-Nucleon Og; [cmz]

live-year only for a variety of dark matter to™ Assuming 1 live-
o ) year of data taking
particles 10745 4
* For WIMPs: My [Gev/c?]
°* Probe O < 1042 cm? above m, = 800 MeV/c? Paper published in Nature Communications
Physics
o : 2
Reach the neutrino fog at 5 GeV/c? after Commun Phys 7, 422 (2024)

10 years


https://www.nature.com/articles/s42005-024-01896-z
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