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Une particule de matière noire (WIMP) de masse 10 
GeV (100 GeV) qui entrerait dans le volume 
d’argon liquide déposerait entre  10  et 100 keV 
d’énergie.

Les atomes d’argon sont excités et produisent


photons de 128 nm en deux phases: rapide (~ns) 
et lente (~μs): scintillation (S1)

électrons d’ionisation (S2) 

Deux bruits de fond:

irréductible neutrons (~WIMP) 


S1 rapide (~ns)  + S1/S2 grand

réductible gamma


S1 lent (~μs), S1/S2 petit


Deux mesures: TPC double phase

S1 décalée à 420 nm, γ réfléchis, SiPM haut et bas

S2 e- dérivent vers le haut, phase gazeuse Ar, 
émission de gammas localisée
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Les conditions expérimentales

Wingerter-Seez Part B1 DarkMatEP

Both, a priori independent, problems are solved by adding one weakly interacting particle in the 
O(100) GeV mass range – an apparent coincidence often referred to as the “WIMP miracle”. Even 
though the first argument is under stress after the absence of new physics signs at LHC, the 
second remains strong. The prediction for the WIMP mass ranges from sub-GeV to multi-TeV, 
with a related interaction cross section with nucleons down to 10−48 cm2[12]. Under reasonable 
astrophysical assumptions on the local dark matter distribution, this translates experimentally to 
expectations of less than one signal event per year and per ton of detector target for WIMP 
masses above O(100) GeV. Given the mass domain of WIMPs, the signal produced in the detector 
should be detectable provided that the background is under control and very low. WIMP 
experiments therefore require a scalable technology to probe the entire phase space favoured by 
the theory, and to tightly control the background. 
As of today, the leading technology in the GeV [13, 14] to multi-TeV [15] mass range is the dual-
phase noble liquid (argon or xenon) time projection chamber (TPC), as shown in Figure 1. This is 
the prominent region for WIMP searches.


1.2.The power of noble liquids 


Noble liquids are ideal candidates as target 
materials for WIMPS searches, as they are 
relatively inexpensive and intrinsically purer than 
other materials and hence scalable to ton- or 
multi-ton masses. A WIMP entering the 
detection volume may interact with a nucleon of 
the liquid. When the atom recoils after a WIMP 
interaction and de-excites, it produces a high 
ionisation and scintillation photon yield, which 
guarantees an excellent energy and position 
resolution. Finally, the dual-phase technology 
has the advantage of providing simultaneous 
access to the scintillation (S1) and to the 
ionisation (S2) signals, as illustrated in Figure 2, 
allowing reconstruction of the complete event 
topology. 

Two types of background can mimic a WIMP 
signal : i) neutrons for which the detector 
response, composed of ”fast” scintillation light 
and low number of ionisation electrons, is called 
Nuclear Recoil (NR) and ii) electron/photons, for 
which the detector response, composed of 
”slow” scintillation light and high number of 
ionisation electrons, is called Electron Recoil 
(ER). NR and ER can be seen as, respectively, 
irreducible and reducible backgrounds to a 
WIMP signal. The ratio of S1 to S2 provides the 
power to separate NR from ER for both liquid 
argon (LAr) and liquid xenon TPCs.


1.3.The super power of liquid argon 

However, only LAr detectors can exploit a further discrimination based on the pulse shape of the 
S1 scintillation signal. This is due to argon's intrinsic nuclear properties, whereby two Ar excited 
states, with very different decay times of ~7ns and ~1.6μs, are respectively predominantly 
produced by NR and ER. This enables a measured extra rejection factor >108 [17,18,19] for ER in 
argon TPCs. This is a key ingredient for performing an instrumental background-free search.


The DarkSide-20k experiment, with a 23 ton fiducial volume of liquid argon, is the next generation 
LAr dual-phase TPC [20, 21]. DarkSide-20k is a step towards Argo, the “ultimate” LAr dark matter 
detector, with a 100 ton fiducial volume, aimed to be installed at SNOLab in Canada in the 
following decade. The DarkSide-20k detector design is the fruit of a recent a world-wide effort to 

 /3 11

2 SCIENTIFIC OPPORTUNITIES 2.1 WIMP searches with DarkSide-20k

Figure 3: Top left: Principle of a Dual phase TPC, with both scintillation and ionization
signals. Top right: The two main backgrounds for WIMP signal and their main char-
acteristics. Bottom: Pulse shape of scintillation signal in LAr from nuclear (blue) and
electron (red) recoils, illustrating the strong discrimination coming from intrinsic nuclear
properties (see text).

should be able to gain two orders of magnitude in cross-section in the overall mass range,
with similar sensitivities for LAr and LXe in the high mass range (> 100 GeV), even if
LXe results should come a few years before argon ones. The highest sensitivity in the low
mass range (1-10 GeV) will come from LAr technique, whereas the LXe experiments will
best cover the intermediate mass range (10-100 GeV). This feature is directly linked with
the intrinsic properties of argon and xenon atoms, the former being lighter and therefore
more favorable for very light WIMP. The complementarity between LXe and LAr detec-
tors is therefore strong, as recognised by APPEC, with possible mutual cross-checks in
case of signal hints, which are mandatory to claim a dark matter signal.

This complementarity can also be seen in the background rejection capabilities of
LAr and LXe TPCs. While both can use the ratio of S1 to S2 signals to perform a first
separation of nuclear (as WIMP induced) and electron recoils, only LAr detectors can
exploit a further discrimination based on the pulse shape of the ionization signal. This
is due to argon intrinsic nuclear properties, for which fast (dominant for nuclear recoils)
and slow (dominant for electron recoils) scintillations are very di↵erent (6 ns versus 1000
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Figure 2 Principle of a dual-phase TPC, with both 
scintillation (S1) and ionisation (S2) signals. Ionised 
electrons drift in the liquid argon to reach the argon gas 
pocket where Ar atoms are exited and produce 
scintillation light 

Primary 
scintillation  
(S1)

Ionised e-

Secondary 
scintillation  
from  
ionised e- (S2)

Ar gas

Liquid Ar

2.2 Detector performance and calibration2 MOTIVATIONS FOR THE CALIBRATION SYSTEM AROUND THE TPC.

which the detector response, composed of ”fast” scintillation light and low number of108

ionisation electrons, is called Nuclear Recoil (NR) and ii) electron/photons, for which the109

detector response, composed of ”slow” scintillation light and high number of ionisation110

electrons, is called Electron Recoil (ER). The former background is irreducible and there-111

fore neutrons should be screened and/or tagged by the veto system before they reach the112

TPC and the latter one is reducible using the signal pulse shape. For high enough energy113

recoil (> 50 keV), the latter will become negligible since the pulse shape of the signal114

enables a separation by a factor greater than 108 between ”slow” and ”fast” scintillation115

[2, 3].116

Figure 1: Left: Principle of a Dual phase TPC, with both scintillation and ionization sig-
nals. Right: The two main backgrounds for WIMP signal and their main characteristics.

2.2 Detector performance and calibration117

Performing a search in a wide mass range requires a multi-faced calibration program,118

sketched in Figure 2.119

The preparation of a robust physics analysis, as soon as data taking starts, includes120

to address a set of challenges associated to the detector calibration:121

C1 The large energy ranges to cover WIMP masses from ' 1 GeV to multi-TeV, cor-122

responding to a range of 0.5 to 100 keV of depositted energy for NR. The range123

below 10 keV, can be reached by considering only the S2 signal, as demonstrated124

by DS-50 [4]. The corresponding range for ER background spans between 0.05 to125

100 KeV. Providing means to measure the response linearity is a requirement for126

the calibration system.127

C2 DarkSide-20k will be the largest dual phase LAr TPC ever built, 400 times larger128

than DS50. The uniformity and stability of the response, in space and time, of such129
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Protection et lutte contre les bruits de fond

Argon souterrain (UAr) protégé des interactions cosmogéniques, faible 
contamination en 39Ar, puis purification dans ARIA: facteur 10 supplémentaire

Matériaux radio-purs 

Détecteur veto autour du détecteur

Forme du signal S1 ER vs NR séparables à > 108: the killer

Séparation supplémentaire S1/S2

18.10.2021 3

Les conditions expérimentales

bdf <0.1 evt pour 200t.y

(10 ans DS20k)

ALAr
50t ULAr


20t effectives
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Energies de recul neutron ENR entre 0.5 et 100 keV (1 GeV-1TeV)

pour ENR < 10 keV, S2 only (cf limite basse masse de DS-50-2018 Phys. Rev. Lett. 121, 081307)


Energie de recul électrons EER entre 0.05 et 100 keV


Linéarité


Uniformité et stabilité de la réponse (DS20k ~ 400 x DS50 en volume), 
en temps et espace


Position de la source ~1cm 

ER vs NR: sources gamma et neutrons


Stabilité à très long terme (10 ans de fonctionnement)


200 000 SiPM à suivre régulièrement
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Importance de l’étalonnage

https://arxiv.org/abs/1802.06994
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Les sources de neutrons et gammas

2 MOTIVATIONS FOR THE CALIBRATION SYSTEM AROUND THE TPC.2.2 Detector performance and calibration

D

G1

G2

G3

Figure 2: Sketch of the DarkSide-20k calibration program. The cryostat is represented
in the center of the Figure. On the left of the cryostat, considered sources which would be
injected in the liquid argon are listed; the label D refers to di↵used sources in the text. On
the right, considered emitters, which would be transported inside the calibration pipes,
are labeled as Bn and discussed further in the text.

a large the detector are essential. The calibration system coverage should be as130

large as technically possible, to have the ability to scan the detector response in131

the largest volume possible. The knowledge of the source position, with a typical132

precision of 1 cm, is required when calibrating low energy deposits.133

C3 The separation of NR and ER signals is an intrinsic property of LAr. By supplying134

both types of signals, the calibration system provides in-situ means to possibly135

improve the rejection136

C4 The detector is expected to collect data for a decade, with stable performance. The137

calibration system gives the ability to regularly and reliably measure the detector138

performance and means to correct for any variation due to aging for instance.139

C5 The commissioning and operation of the 200,000 SiPM requires meticulous and140

systematic implementation. The guide pipe calibration system will allow to check141

the response uniformity, the signal to noise ratio, the energy resolution.142

On Figure 2, the considered calibration techniques are represented in a schematic143

way. On the left of the cryostat, two types of di↵used sources (labeled with D) are listed;144
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Fons est adhæsit* 

* La source est coincée
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La source ne peut pas rester coincée dans le tube

Le système doit fonctionner à la température de LAr (83oK)

Pas de formation de glace dans le tube

Source attachée deux fois


Précision en position des sources ~1cm

Sources petites, puissantes mais pas trop (cf présentation de Marie)

Position des sources vs les murs de la TPC et du véto


Profiter de l’expertise acquise: SNO, DS50, STEREO,….


MAQUETTE, TESTS, MAQUETTE, TESTS,…….


7

Les défis du système d’étalonnage
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La maquette pas à pas

Status: inside filling

6

Filling the box around the pipe to reduce the volume of liquide nitrogen

U-pipe

Polystyrene

Status: polystyrene isolation

4

Status: decorating
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Septembre 2020 Novembre 2020

Janvier 2021 Janvier 2021 Juillet 2021

Janvier 2021

LN2
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Le tube

Septembre 2020

Cinq portions de ~1 mètre:


Deux cintrées (cintrage métal - Var)

Trois soudées au labo


Diamètre et épaisseur du tube: 30 et 1.5 mm (DS20k)

Rayon de courbure: 400 mm (DS20k)

En un an, le dessin de l’expérience a évolué:

le dessin actuel du tube est différent.
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Réservoir pour l’azote liquide

Fabrication cuve inox 1800 x 900 x 100 mm3

Sous-traitée

Habillage et décoration fait-maison (janvier 2021)


Amélioration de l’isolation en cours
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Tank en inox isolé de polystyrène, U-tube, azote liquide, jauges de 
déformation + module de lecture NI9237, mesure de température PT100 
+ module de lecture NI9217, senseur humidité + arduino uno, azote 
gazeux, mesure du taux d’oxygène.
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La maquette - schéma 

Support de 
Christian Curtil et 
Téo Weicherding
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Préparation
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TOP 
CAP

Gauge and 
PT100


I/O cables

Oxygen level 

sensor

DAQ computer

NI rack with 
modules

Arduino UNO

Cold tank
RJ50


Spliter

U-Tube

LN2

Gaseous 
Nitrogen

13

La maquette: premier test en juillet
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Le jour J

Mise en route de l’acquisition à chaud

Remplissage de l’azote liquide (~ 100 l)

Beaucoup de bruit de craquement

Nuage d’eau condensée ou azote (fuites)

Prise de données sans interruption ~20h

Sonde de déformation ds LN2 ~5 heures
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Le fonctionnement

Marie
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Mesure de déformation des tubes

Mesure de déformation et de température


Fit de la  deformation vs temperature entre 83°K and 300°K 


Le coefficient de déformation de l’inox est α~ 14 10-6 (m/m)/K


Le résultat du fit donne α~9 10-6 (m/m)/K 	      


Lors de pré-tests nous avions mesuré α~7 10-6 (m/m)/K


Nous n’avons pas d’explication pour cette différence; des idées seulement.

Marie
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Humidité à 50% au début du test 


Décroît à ~0% en ~1mn avec la 
circulation d'azote 


La sonde a pris froid et a cessé de 
fonctionner (cassée) 


Le flux d’azote était intermittent; nous 
n’avions pas assez d’azote


A la fin du test, circulation d’une petite 
caméra: présence de glaçons


Prévoir un système continu et une sonde 
résistante au froid
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L’humidité
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Conception finale du détecteur en préparation: Technical 
Design Report prévu pour décembre 2021


Dessins des tubes calibration ont changé


Tubes en titane


Système des moteurs de pilotage de la source: fabriqué 
à Queen’s University - Canada - Livraison en cours.


Tests avec des tubes ayant les nouvelles courbures dans 
la maquette


Marie contribue à ce développement:

Mise en place

Prise de données

Programme d’analyse
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Le futur


