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The Dark Matter Problem
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Present Day e The dark matter problem in a U

I nutshell: We have evidences at I

many different scales (cosmological, )

cluster, galactic and nuclear) of the

I existence of dark matter, but no I

Baryonic . .
Matter - direct observation. -
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The Dark Matter Problem
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DARK MATTER CANDIDATES:
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Consequence: No candidate can be ruled out in advance, and all the
possibilities must be explored. Having said that...
not everything has the same degree of justification,

we have many observables that put very strong constraints.



The Dark Matter Problem
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e Consequence: No candidate can be ruled out in advance, and all the
possibilities must be explored. Having said that...
e not everything has the same degree of justification,

e we have many observables that put very strong constraints.
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The Dark Matter Problem

I Particle DM:

= e Axions: particles postulated to solve the Strong CP problem in QCD, which fit

I nicely as dark matter candidates.

= ® Weakly Interacting Massive Particles: born as the most natural solution to a I

I thermal relic scenario.

e Modified Newtonian Dynamics: Gravity depends on acceleration
e Primordial Black Holes: BHs formed from initial fluctuations, only a viable

candidate for small window of masses (asteroid window) and /or large clusterings.
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The Dark Matter Problem

Y Production SM

Scattering

X . SM

Annihilation
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The Dark Matter Problem
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Direct WIMP searches

Direct detection:

e The local density of DM in the solar system should be 0.3-0.4
GeV/(c? cm?)

e Particle DM should be going through Earth and we have chances to
detect it if it does more things than just gravitating.

e We know Earth and low E physics better than the galactic center: if
one is able to disentangle these interactions from background it is an
undisputable way of determining we found DM.

e Caveat: We didn't yet (or did we?).
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Direct WIMP searches
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Direct WIMP searches
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Direct WIMP searches
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Direct WIMP searches
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Direct WIMP searches
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DireCt WIMP SearCheS This is computed for all possible

masses providing a sufficient:
— e recoil E

:r I o o .
E e recoil rate (more massive
- § means lower number)
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Dual-phase TPCs

Massive targets

Scintillation detected
promptly (S1)

Uniform E field to measure

ionization: prevents
recombination +
drifts e- to anode

At low Energies, S1 and S2 almost featureless:
Unambiguous identification of $S1-S2 necessary

Vicente Pesudo Fortes -

Seminar @ Centre de Physique des Particules de Marseille

e- extracted to gas phase in
stronger field to induce
electroluminescence (S2)

light pattern in detection
plane provides XY
information

Time difference between S1
and S2 provides Z info
(mm resolution)

S2 /51 provides particle
discrimination
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Dual-phase TPCs

Massive targets

Scintillation detected
promptly (S1)

Uniform E field to measure

ionization: prevents
recombination +
drifts e- to anode

Bonus: another
detector surrounding
to veto external bkg.

At low Energies, S1 and S2 almost featureless:
Unambiguous identification of $S1-S2 necessary
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e- extracted to gas phase in
stronger field to induce
electroluminescence (S2)

light pattern in detection
plane provides XY
information

Time difference between S1
and S2 provides Z info
(mm resolution)

S2 /51 provides particle
discrimination
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Xe TPCs
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Poisson Tail Probabilities P(N=k) (log scale)
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State of the art
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Ar, what's the point?

Lower mass than Xe (low-E
recoils)

different nuclear properties:
better in terms of keeping
coherence, but no Spin
Dependent sensitivity

Additional discrimination

variable

Pulse shape based on
scintillation only: singlet vs
triplet components

Vicente Pesudo Fortes -
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Ar, what's the point?

Electron recoils are further
from region of interest at
lower energies

This discrimination does not
depend on coincidences of any
kind. Scintillation-light only.
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The DEAP-3600 detector

Acrylic flow guides

_~—48 Muon
Ve veto PMTs

/— 255 PMTs
& light guides

Acrylic vessel
Steel shell

- 3600 ke
liquid argon

"™ Filler blocks

Vicente Pesudo Fortes - Seminar @ Centre de Physique des Particules de Marseille -

3.3 tonne LAr target in ultraclean acrylic

vessel (R = 85 cm).

In-situ vacuum evaporated TPB on inner

10 m? surface.

Bonded 50-cm-long light guides:
distance to PMTs

255 PMTs: Hamamatsu R5912 HQE. 8” -
32 % QE - 75% coverage.

Immersed in water tank with PMTs to
veto muons (Cherenkov light).

Located 2 km underground @ SNOLAB:
6000 m.w.e -> 0.03 muon/m2/day

14th September 2026



The DEAP-3600 detector

DEAP-3600 in Cube Hall
at SNOLAB

i oy |
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The DEAP-3600 detector E
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e Pulse shape allows us to discriminate W E o
against gamma and beta backgrounds. -
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Eur. Phys. J. C 81,823 (2021) > & %

e Position reconstruction
and fiducialization allow
us to reduce surface and 0.9 18

| o R B 3 108 4

Prompt : 0-60ns |
Late: 60ns-10us
0 1000 2000 3000 4000 5000
Time [ns]

Ty (keV_)
~50__80_100 120 140 160 _

[epeeiSie et e 00 00y
. " v

-t

AHIhAH

08F
external backgrounds. 0.7F
B 0.6
g 05F
=
JINST 20 P07012 (2025) g‘; ;
1.0 s 1.0 - ! . . - '
08 E  FilLLEVED 1R °° 02 ] S
Ry | Y
e No electric field 5 ol o: §
os §

10 010270304 050607 0808 1.0
(x%+y?)/(850 mm)?

Vicente Pesudo Fortes - Seminar @ Centre de Physique des Particules de Marseille

P e AR ETRTRRT Y 7.1 s L b b L b
50 100 150 200 250 300 350 400 450 500
Number of photoelectrons

- 14th September 2026

39



The DEAP 3600 detector

10 :'l

DEAP-3600 (2019)

WIMP-nucleon og; [cm?]
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The DEAP-3600 detector: goals

1. Tackling limiting factors to WIMP sensitivity (hardware upgrades)
J
-
2. Continue improving DM analyses (better detector model + Profile
likelihood + machine learning + increase exposure without dust)
J
(3. Learning for DarkSide-20k, ARGO and LAr detectors
J

4. Exploit science cases: exotic DM candidates, solar neutrino, axions...

Vicente Pesudo Fortes - Seminar @ Centre de Physique des Particules de Marseille - 14th September 2026 41



Eur. Phys. J. C 83, 642 (2023)

39 — . . o . . .
o Ar half-life and specific activity in atmospheric Ar Eur. Phys. J. C 85, 728 (2025)

e Alpha quenching in liquid Ar Eur.Phys.J.C 85 (2025) 1, 87
e Detection of 8B solar neutrinos! arXiv:2605.12769
e Muon flux! arXiv:2608.20504

e new WIMP searches with profile likelihood method arXiv:2603.13965
e Search for solar axions

e Search for Inelastic boosted dark matter

e Neutrinoless double electron capture

e Search for neutrinos in coincidence with gravitational waves

Vicente Pesudo Fortes = Seminar @ Centre de Physique des Particules de Marseille = 14th September 2026
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Detecting °B solar neutrinos
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Lessons learned:
e Ar pulse shape discrimination is indeed much more powerful than ionization vs
scintillation
o 39Ar is not the leading background
e Leading backgrounds are
o topological backgrounds: external events misreconstructed as
WIMP-like by a series of accidental coincidences (light degradation +
particular shading): better position reconstruction needed.
o alpha decays from suspended dust: recirculation + filtering needed
e A LAr TPC with a purifying loop solves these problems.
e If we want sensitivity we need mass: DS-20k will scale up to 50 tonnes (20
fiducial)

Vicente Pesudo Fortes - Seminar @ Centre de Physique des Particules de Marseille - 14th September 2026
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1 Bg/kg in atmospheric Ar.

- Mostly from cosmogenic activation

depend on
kind. Scinti (and certainly not a low background

experiment).

i i B
= L

a-decays

R T

- At 50 kHz low-E S1-S2 coincidence unfeasible

100 150 200 250
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UAr in DarkSide-50 (history)
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DarkSide-50 showed a depletion factor of 1400 in

UAr with respect to atmospheric Ar activity:
A (UAr) = 0.73 £ 0.11 mBq/kg.

Extraction and purification of UAr

is a proven technology... industrial
extraction and purification are
projects themselves

Presence of #Kr evidences exposure
to air at some point...

Increasing *°Ar activity.

UAr intrinsic activity should be lower
than in DarkSide-50.

Verification of UAr compliance is
needed for each batch.



UAr program of DarkSide: Urania, Aria and DArT
Characterisation

DArT-in-ArDM at LSC
(Aragon, Spain)

Cosmogenic activation above ground, during storage and shipping, quantified and subdominant
for sea freight (few % of DS-50 reference): Astroparticle Physics 152, 102878 (2023)

Vicente Pesudo Fortes - Seminar @ Centre de Physique des Particules de Marseille - 14th September 2026



ARIA

Cryogenic distillation column (total height ~350 m) in the
shaft of a coal mine

- 28 Central modules: 12 m each

- 1Condenser (top) module: 7m

- 1Reboiler (bottom) module: 5m

- Outer Diameter of the column: 32.3 cm
- Outer Diameter of cold box: 71.2 cm

Process is based on the difference in volatility

Number of theoretical stages: ~2870

Chemical Purification rate: 1t/d (or more)

50
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ARIA: Seruci-0

Measurement of isotopic
separation of nitrogen and
argon with the prototype of
the cryogenic distillation plant
Aria for dark matter searches

Eur. Phys. J. C (2023) 83:453
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DArT-in-ArDM: the concept

Depletion Statistical
factor with uncertainty [%]
respect to AAr
10 04
100 1.3
1400 6.7
14000 41.1

JINST 15 (2020) 02, P02024

DS-50

— DART events untagged
*Ar Spectrum
« Simulated data

00 2000 4000 6000 8000 10000 12000 14000

E,..i [PE]

e 1L active volume of UAr (DArT) seen by 8 SiPMs.

e ArDM full of atmospheric Ar as veto.

e Located at Laboratorio Subterraneo de Canfranc

Vicente Pesudo Fortes - Seminar @ Centre de Physique des Particules de Marseille
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ArDM fully refurbished and
closed since Jan 2024.

53
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DArT-2

Vicente Pesudo Fortes

Assembled in September 2024
Integrated in ArDM in February.

Running since December 2025

Waiting for first UAr batches soon

Seminar @ Centre de Physique des Particules de Marseille -

14th September 2026
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DarkSide-20k: what is it?

ProtoDUNE-like ! i DarkSide-20k consists of
Membrane Cryostat B = three nested detectors:
| : «  The Outer Veto (OV),
Atmospheric Argon Outer Veto ‘ which is filled with AAr
~650 tons - o and designed to catch

cosmogenic neutrons
by detecting the primary
muon

Stainless Steel Cryostat

*  The Inner Veto (1V),
which uses UAr to tag
radiogenic neutrons by
detecting gammas from
their capture

Underground Argon Inner Veto
~32 tons

Underground Argon TPC
~51 tons
Under construction at ) *  The Dual-Phase UAr TPC
Laboratori Nazionali del Gran :
Sasso: 1.4 km of granite
overburden
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DarkSide-20k: main science cases

90% CL exclusion

-44
1 muSSMLL  [ERJ C 78 256 2018] Prospects to lead the
- ‘ [0 Ar v-fog [PRL127 251802 2021]
[ | = Complex wimp [EEJ C 8 992 2022) search for WIMPs in most
10-45L [0 Real WIMP [EPJ C 82 1 2022] . ”
: of the “canonical
[ parameter space,
-46 . .
& particularly at high mass.
E - >
g 1077} N R Best sensitivity to
i ' spin-independent
XENONNT 90% CL arXiv:2502.18005 (2025) . . .
. PandaX-4T 90% CL PRL 134.011805 (2025) Wlmp-nl,'ICleus Interaction
10 | LZ 90% CL arXiv:2410.17036 (2024) o
----- DS-20k 1 live-yr FID (20 t yr) Cross section:
==+ DS-20k 1 live-yr EXT (46 t yr)
- = DS-20k 10 live-zt FID (200 t zx') o..= 10‘48 sz @ 100 GCV/CZ
10749 — —— DS-20k 10 live-yr EXT (460 t yr) SI :
10-2 10T 100 101

M, [Tev/c?]

CPPM
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DarkSide-20k: main science cases

[Nature Communication Physics| (2024) 7:422]

— 10739

[cm

10740 -

=
o
|

»

-
l.

x 170

Dark Matter-Nucleon Oy

1 year data taking R

Vicente Pesudo Fortes

|
4
1

my [GeV/c?

DS-20k - 1 year
QF - Ne- =2

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

DS-50 - QF - 2023
PandaX-4T 2023
XENONnT 2023
PandaX-4T 2023
LUX 2021

XENON1T 2021
Pico-60 2019
CDMSlite 2018

LUX 2017
DAMA/LIBRA 2008
Excluded region
LAr Neutrino fog n=2

- Seminar @ Centre de Physique des Particules de Marseille

Prospects to dominate
the search for light
(~ GeV /c?) WIMPs:

Improve current
sensitivity by more than
two orders of magnitude
in some regions of the
parameter space in 1
year of data taking.

Comm. Phys. 7, 422 (2024)
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DarkSide-20k: main science cases

Binomial Quenching Fluctuations

Prospects to dominate

10740,

[

o
A
b=
I

10742

10743

Dark Matter-Nucleon Og [cmZ]

- DS-50 - QF - 2025

DS-50 - QF - 2023

- DS-20k - QF - 2025

---- DS-20k - QF - 2024
LZ 2025

—— XENONnT 2025

—— PandaX-4T 2025

Excluded region

LAr Neutrino fog n=2

the search for light
(~ GeV /c?) WIMPs:

Prospects for 10 year
exposure [arXiv:2511.13629
approved by PRD] with
improved liquid argon
ionization model

[Eur. Phys. J. C 86:220 (2026)]

107441
\\
10745 \,
E A
C | | l . | AN
0.8 2.0 3.0 4.0 6.0

Vicente Pesudo Fortes

my [GeV/ c?]

- Seminar @ Centre de Physique des Particules de Marseille -

14th September 2026
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DarkSide-20k: main science cases

~——— Argo

®
=)
—

~——— Argo

Best sensitivity to
neutrinoless double
electron capture in °Ar

[
o

counts / 0.10 s
o
o

counts / 0.02 s

-
o

[ 40
30f

20f

20

Sensitivity to SuperNova
neutrinos (~180 CEvNS
events expected for a

10f-

v o - Arae 11 M, Supernova in the
s s - e galaxy) [JCAP03(2021)043]

10

Sensitivity to B solar
neutrinos via CC

N
[
b o
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Other planned uses of UAr

Use as a veto for Legend-1000, mitigating the *?Ar background problem

Use it doped with 3®Xe for neutrinoless double beta decay searches

Construction of ARGO, the ultimate 300 t Ar detector to fully prospect the
neutrino floor

63
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DarkSide-20k: Current status

How far are we from

seeing all this?




DarkSide-20k: Current status

Cryostat and internal crane installed.

Clean room panels and aeraulic plants design
completed,; contract being assigned right now.
Design ongoing for electrical and safety plants.
Cryogenics system atmospheric Ar 90%.
Cryogenics system underground Ar to be
upgraded by the end of the summer.

Integration sequence defined.

o Fine tuning going on.
Gamma flux measurements performed outside
and inside of the cryostat.
Measurement of MeV-neutron flux inside the
cryostat ongoing.




Cryostat and internal crane installed.

Clean room panels and aeraulic plants design
completed,; contract being assigned right now.
Design ongoing for electrical and safety plants.
Cryogenics system atmospheric Ar 90%.
Cryogenics system underground Ar to be

upgraded by the end of the summer.
Integration sequence defined.

o Fine tuning going on.
Gamma flux measurements performed outside
and inside of the cryostat.
Measurement of MeV-neutron flux inside the
cryostat ongoing.




DarkSide-20k: Current status

One of the main RnD outcomes of
DarkSide-20k: production of radiopure
cryogenic low-noise SiPMs-based
photoelectronics within the collaboration.

- 24 x 1 cm? SiPMs integrated in 1 tile (5 x 5
cm?). 96% occupancy in the optical planes.

- 4 x 4 tiles in 1 PhotoDetection Unit (PDU)

- Read out implemented at the quadrant level:
- 2x2tiles =10 x 10 cm?

- Slightly different solutions for the
- TPC (21 m? - 528 PDUs) and
- the veto (120 + 32 PDUs).

Vicente Pesudo Fortes - Seminar @ Centre de Physique des Particules de Marseille - 14th September 2026



DarkSide-20k: Current status

e veto PDUs: 119/120 past tests (detector-ready)
More are being worked on for spares and
outer veto.

o Production and testing lead by UK
groups + AstroCENT.

Travel peli case - holds up to Bagged vPDUs in

16 VPDUs ¥ | nitrogen cabinet e TPC PDUs: 238/528 produced. The goal is
o ] achieving a production rate of 8 PDU/week.
» vPDU assembly Triple bagged o Production in NOA (ISO6 CR @ LNGS)
i viEBes | o Testing in PDU Test Facility

(ISO7 CR @ Naples)
Specific protocols in place for handling,
transportation and storage.
Dust level on SiPMs monitored with ad-hoc

scanner.

Vicente Pesudo Fortes - Seminar @ Centre de Physique des Particules de Marseille - 14th September 2026



DarkSide-20k: Current status

e Acrylic panels casted and being
machined.

e Optical plane structures to be
delivered this autumn.

e Integration of PDUs in Optical
plane to be started upon reception.

e Cobot and CRAB for placing PDUs
in Optical plane already @ LNGS
being tested.

e Most of the structural material
for TPC (SS) assayed, approved
and procured.

Two octagon sides already
machined
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DarkSide-20k: Current status

Radiopurity and cleanliness at the core of all of it:

Conscious choice of technical solutions based
on performance + potential background [(a,n)].
Every component assayed (at the single
capacitor level).

Ambient Rn concentration, exposure time and
potential impact is being factored in in the
background estimates.

Specific tests performed to approve bags and
storage solutions in terms or Rn-tightness. f
V=TT Cleaning protocols to mitigate surface 210pg
Goal: keeping detector-induced activity defined on a component per
background 1 order of magnitude component basis (not only material).

below CEVNS (3.2 events in 200 ty).

Vicente Pesudo Fortes Seminar @ Centre de Physique des Particules de Marseille - 14th September 2026




Conclusions

- Liquid argon combines scalability with exceptional recoil discrimination. Its
singlet-triplet scintillation timing provides powerful electronic-recoil rejection using the
light signal alone.

- Underground argon changes what is experimentally possible. Suppressing cosmogenic 3°Ar
enables large dual-phase detectors, lower thresholds, and long exposures with manageable
event rates.

- A mature experimental ecosystem now exists. DEAP-3600 and DarkSide-50 demonstrated
the key capabilities, while Urania, Aria, DArT, and DarkSide-20k are extending them toward
much larger and cleaner exposures.

- DS-20k is deep into construction phase and transitioning to integration phase. The
detector will be ready for filling by the end of 2028.

- Argon offers sensitivity to a remarkably broad range of phenomena: WIMPs across
different mass regimes, nonstandard dark-matter interactions, solar neutrinos,
Galactic-supernova neutrinos, and rare nuclear processes.

Vicente Pesudo Fortes - Seminar @ Centre de Physique des Particules de Marseille - 14th September 2026
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Shape / curve maximum Shape / curve maximum Shape / curve maximum

Shape / curve maximum

Mass dependence of argon-responsive elastic EFT spectra
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Detecting °B solar neutrinos

PAr+v_— K* + e

Enhanced cross section for populating the
isobaric analog state (although not directly

measured beforel)

TABLE III. The dominant systematic uncertainties consid-
ered in this work and their impact on the background and
signal estimates in the ROI. further described in the text.
The energy resolution quoted here is at 10.5 MeV. (Onoder) is
the energy-averaged cross section in the ROI based on Ref. [2].

Systematic Unec. Value Bkg CC rve
Energy Scale Bias 0+ 1.5% 10.1% 11.7%
Energy Resolution 96 keV + 17 keV 0.5% 0.1%
Int./Ext.yLYBias 0+ 1.3% 0.2% 12.6%
AmBe Bkg Scaling 0.8 + 0.2 18.4%

AmBe Pile-up Est. (.28 £ 0.09 events  21.9%

MV Cut Efficiency 99.6%* 9 o iy

%B solar v, flux (5.240.2)x10°cm—2s~! 3.9%
hep solar v, flux (0.840.2)x10*cm™2s™! 0.4%
Expected {Oameser) (1.6740.05)x107*! cm? 3.0%

Total ::; / 18%

w
& 2 afa 10°
2 Total Background E g‘
P Radiogenic Background @ E
5 Cosmogenic Background 10° s
b Scaled Total v, Signal ‘ >
& Scaled v, Signal - B 10 3
25 Scaled v, Signal - hep =
Z Predicted v, Signal y 2
= 5
2 10" 8
g
] 102
(5]
g 10°
g H h
107°g 10 12 14 16 15
Reconstructed Energy [MeV]
70
5 O D mon 129 2000)
o : al al et al
g 60F __ fuetal %9
=1 - Bhanacharya et al. (1998)
— 50 | —— Ormand et al. (1995)
& Raghavan (1986)
?,’, 40
2 wfF
2 -
S 4 3
10 |
o

6 8 ‘IID 1.2 1‘4 l‘ﬁ 1‘8 20
Neutrino Energy [MeV]
FIG. 2. Energy-averaged cross section result, compared with
the energy-dependent cross section models Bhattacharya et
al. [29][2], Liu et al. [30], Ormand et al. [31], and Raghavan [1].
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Measured cross section larger than predicted.




Direct WIMP searches Threshold

E [kGVnr]

g T e BBl MR DG, Events with less than certain
b E * . [kev“]—:xo’ = energy are just not detectable
'U ~ DM spectra 6,=107'° cm? Data E ’_‘—Elo’ _
X 10 Mm2.5 Gev/c G4DS MC ALl 4 %3 %
o E . Cryostat y-rays 7 ': 8 ': .
~ B M,=5.0 Gev/c’ Ve e _glozm?m x Resolutlon
x | M,=10.0 Gev/c’ ¥Ar + ®Kr =[S =

) ) "Elo% ] % g
Z Lo — 4= £ You never have direct access to

E , = (= I )
= = = s T energy. It's always
" - = E_ o5 e number of photons,
o 3 > >
£ 107 q =3 e number of electrons or
o ot ], e number of phonons.
T g === T The number of detections
W0 % 10 15 20 25 30 35 40 45 50

follows a distribution

e

All analysis cuts have an impact in WIMP acceptance

e The amount of background events without any cut is much higher than the
expected rate for WIMPs. Most can be easily ruled out.
e Introducing these cuts always comes at a price, that needs to be factored in. 27



Direct WIMP searches

E Isothermal halo
0 2 L V=220 km/s, vg=240 km/s, .y 2
or(Er) = or F°(E — [ V=600 kmis, p,=03 GeViczem® My =100 GeV/c
T( R) T ( R) > E o o o, =107 pb (105 cm?)
. O
The E dependence is due to the B
loss of coherence at non-zero S 0.1
momentum transfer and can be %
factorized A\U‘)
=
Qo
, £ 001
0 __ 0 a2 (¥ o
Or = o-n,XAT <_>
Hn
To compare results of different | )
experiments, we extract the 0.001
WIMP-nucleon interaction cross 0 20 40 60 80 100

section Recoil Energy (keV)
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Direct WIMP searches

dR
— gl 0.

dER My Jv>vmin(ER)
>
(1}
o]
e With all the ingredients in a
hand we can have the 2
X

expected spectral shape and
rate in the detector

e Where do we sit in 2026 in
the canonical WIMP
searches?

e
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e Our detector is built on Earth.

Challenge: External background

On the Earth’s crust there are
parts-per-million (ppms) of *°K, >3Th
and 238U.
o Half-lives >10°y.
o These translate into 30 - 900
Bq/kg of material

Mitigation

Measuring external radiation onsite.

Simulate particle transport through the detector materials.

Nested detectors: vetoing anything leaving signal in the non-central one
Fiducialization: rejecting even some events in the central detector if they are
close to the wall.

e Installing shields to prevent external radiation to come in.
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Challenge: Surface contamination of detector materials

Rn is everywhere, particularly in suspension in air. Concentration depends on
many parameters, but values range between 5-150 Bq/m?3.

Rn itself or its decay products can diffuse and /or recoil into any material in
contact with air.

Rn decays away fast, but #°Pb produced down the chain has a T, =22y

Any material exposed will accumulate Pb that will decay during the data
taking time.

Not only that: most bags are Rn-transparent

Mitigation
Storage in Rn-depleted areas
Specific studies of impact of bagging able to stop Rn.
This is not always possible and most times you don’t know
the historical exposure of what you buy

o You study the diffusion length for Rn in that material
o You sand it down to remove the Pb-enriched crust




Challenge: Radiogenic activity (bulk)

On the Earth’s crust there are parts-per-million (ppms) of “°K,
232Th and #8U.
Our detector materials come from Earth.
Half-lives > 10% y.
o These translate into 30 - 900 Bq/kg of material
o Current experiments aim at mBq/kg level
o Sometimes more stringent for materials close to the
central detector.

Mitigation

Simulate particle transport through the detector materials.

Nested detectors: vetoing anything leaving signal in the non-central one
Fiducialization: rejecting even some events in the central detector if they are close to
the wall.

Preselection: measuring the radioactivity of each detector component close to the
sensitive target.
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Inductively-Coupled-Plasma Mass Spectroscopy

e Fast technique.

e Sensitivity to concentrations down to ppts
(102 g/g)

e Only sensitive to top part of the chains and
K-41. One can assume the ratio in natural
abundance (0.012%).

e Involves chemists for sample preparation.

Isotope

238U
234Th
234m Pa
23<1U
'230Th
226 Ra

222Rn

Half-life

4.468 x 10%y
24.10d

1.17 min
2.455 x 10°y
7.54 x 104y
1.60 x 10%y

3.8235d

Concentration (ppt)

1.000 x 10°
1.45 x 108
4.89 x 10713
5.40 x 102
163 5¢16*
3.40 x 104

2.19 x 10°?
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ICPMS

Ty;p=2.5-108y
230Th : -;osqrcy B B o
234 | P_ [ 23ampg| —P_|23aTh | % |238y
o
Tya=7.510%y Tyj2= 1.17 min Tya=24.1d Typ=4.510%y
a E - 4.7 MeV En= 2.; MoV E. - 0.198 MeV E=- :‘f.l *leV
Secular equilibrium P-73% B=ga% P=oo% P-T5%
Systematically broken
226Rg — . |214pp 4~ |210ph — | 206pp
Ty2=1622y Ty;2=26.8 m Ty2=223y Stable
oL l E = 4.8 MeV ] E, = 0.7 MeV B l E. = 0.06 MeV
P-94% f P-48% P=81%
222Rn 214B; 210p;
HPGe
T,z=3.8d Ty2=19.8 Ty,,=5.0d
. l E =55 MeV B l Er= 15 e B l E, = 1.2 MeV
P=999% P=-40% P-100%
218po 214p0 ZIOPO
T,p=3.1m Ty, = 164 ps T,2=138.4d
E = 6,0 MeV E =7.7 MeV E = 5.3 MeV
o P~ 100 % o P~ 100 % o P~ 100 %

Not only we need to measure everything, but several times with different techniques



Ar, what's the point?

Electron recoils are further
from region of interest from
lower energies

This discrimination does not
depend on coincidences of any
kind. Scintillation-light only.

Vicente Pesudo Fortes - Seminar @ Centre de Physique des Particules de Marseille -
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Challenges: Radon emanation

238U chain passes through #**Rn

(Tl/2 = 3.8 d).

Since it is a gas, it can escape the
volume where it is produced.

In liquid detectors, it will be diluted
and carried everywhere, in particular
to the sensitive volume

Mitigation

Measuring emanation + Picking materials with low contamination in U and /or
low diffusion coefficient.
Controlling on the flow direction to

o minimize the introduction of Rn in the active volume

o carry the Rn present there somewhere else that does not bother.
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Draw a WIMP particle asking the neutron

Challenges: neutrons to stop gathering all the attention
Low-E nuclear recoil, just as the expected WIMP signal. Eusome.coudyo
Produced via (a,n) reactions, the alpha coming from U, Th DR,

and interacting with the material.
o Some isotopes of Li, Be, B, F and Al very high cross
section.
Produced via spontaneous fission of 38U,
Produced by muons

Mitigation

Simulations of billions of events

o Neutrons thermalize via multiple scatterings

o They are always captured once their momentum is low, which often

produces visible gammas (2.2 MeV in H, 6 MeV in Ar).

Measuring not only activity but also composition of materials.
Larger vetos: if catch both the muon and the neutron, you can disregard the
event, but showers can happen well above the detector and the distance in your
detector be large.
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UAr measurement:
DArT

Canfranc, Aragon, Spain
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ArDM

Status  Trends

ARDM_BAT182_TE17

pera e X

R

ArDM cool down started on
October 22nd.

Filling with 2 tonnes of LAr
finished in January.
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ArDM

) Vacuum insulation

N // //
- ArDMbath -~ 4
— 7 9

Cryocoolers

Vacuum
Ar bath (dirty)
Atm Ar

UAr
Cold Ar gas

DArT taking data with
atmospheric Ar during
Christmas break

DArT taking data with
UAr (DS-50) from
January

UAr from Urania
expected by
Feb-March
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DArT-1 (2 SiPMs, external cryostat, Pb shield

- Test of hardware operations, computing infrastructure, analysis.

- Test of slow control, gas system and UAr recovery procedure.
- Training

Data taken with AAr and UAr (DS-50):

+ Competitive measurement "'
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UAr beyond DarkSide

A Facility for Low-Radioactivity Underground Argon

Henning O. Back*""*, Walter Bonivento? , Mark Boulay>*:", Eric Church*"", Steven R. Elliott**,

White a er (+ E OI) fro m Federico Gabriele®? | Cristiano Galbiati®”#, Graham K. Giovanetti®# , Christopher Jackson*™, Art McDonald®%-"",
p p Andrew Renshaw*®*, Roberto Santorelli**""", Kate Scholberg*2™ """, Marino Simeone** , Rex Tayloe**™™,

Richard Van de Water***

D CO H E RE N I & Pacific Northwest National Laboratory, Richland, Washington 99352, USA

2 INFN Cagliari, Cagliari 09042, Italy

D DU N E 3. Carleton University, Ottawa, Ontario K15 5B6, Canada
4

Los Alamos National Laboratory, Los Alamos, New Mexico 87545, USA

D ( ; AD M( : D S L M AR G O % INFN Laboratori Nazionali del Gran Sasso, Assergi (AQ) 67100, Italy
OW a S S [} & Princeton University, Princeton, NJ 08544, USA
7 Gran Sasso Science Institute, L’Aquila 67100, Italy

D LE G E N D & Williams College, Williamstown, MA 01267 USA
9.

Queen’s University, Kingston, ON K7L 3N6, Canada
- University of Houston, Houston, Texas 77204, USA

The infrastructures built for sy e el
DarkSide-20k (UR ANIA, ARIA, D ArT) e el T

Abstract/Executive summary

Can meet the UA-r demand for mOSt Of The DarkSide-50 experiment demonstrated the ability to extract and purify argon from deep
underground sources and showed that the concentration of **Ar in that argon was greatly reduced from

the foreseen future eXperimental the level found in argon derived from the atmosphere. That discovery broadened the physics reach of

needs.

=> UAr fundamental for several Formal request by the LEGEND

low-background experiments | o], for 25 tonnes of UAr for
beyond DM

LEGEND-1000




SiPM characterization and choice
DArTeyes assembled at LNGS.

Choice haced on nerfaormance in cnld:
SiPM Response at Different Voltages
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Detecting 8B solar neutrinos
PAr+v_— K* + e

/

Enhanced cross section for populating

the isobaric analog state (although

not directly measured|)

)

m E T
J;T (MeV)  (nsec)

5.885

2.73

2.29

1.96

164
+ several
Gamow-Teller 0.80
transitions oo o

Esignal = Ee it ZEy
AN = E, - 1.5 MeV

(9964%) ¢ 5. Raghavan (1986)

TeVPA, Valéncia, November 2025

(coming soon)

4.4 MeV gamma
from AmBe source

AP
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Two approaches towards radiogenic

bkg estimation

/

Cosmogenic background from muon

activation thoroughly studied

- Vicente Pesudo
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