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HOW TO DETECT A DM CANDIDATE ¢

Nuclear recolils (NRs)

Electronic Recoils
(ERs)
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HOW TO DETECT A DM CANDIDATE ¢

Nuclear recolils (NRs) A simple particle
X Particle (Dark Matter or Bkg) detector...
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Sara Diglio

DIRECT DETECTION TECHNIQUES

Cabg: PICE

Ge: CDEX

Si: DAMIC, SENSEI
Ar, Ne: TREX-DM
He:SF¢: CYGNUS
Ag, Br, C: NEWSdm
H, He, Ne: NEWS-G

Coi s CaWOu:

SuperCDMS cboal

EDELWEISS Nal:
COSINUS

Xe: LZ, PandaX-4T, XENONnNT, DARWIN
Ar: DarkSide-50, DarkSide-20k, ARGO
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Liquid Noble
detectors

Ar: DEAP-3600

Csl: KIMS

Nal: ANAIS
DAMA/LIBRA,
COSINE, SABRE

Credit: L.Baudis




DARK MATTER DIRECT DETECTION STATE OF THE ART

XENONIT .,

DarkSide

Neutrino fog

10° 10! 102 103
DM mass [GeV/c?]
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DARK MATTER DIRECT DETECTION STATE OF THE ART
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Talk by V.Novati
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DM mass [GeV/c?]
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DARK MATTER DIRECT DETECTION STATE OF THE ART
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LIQUID NOBLE TECHNOLOGY

WIMP Limits vs Time: principal detector categories

Crystals
Cryogenic

Liquid Xenon
Liquid Argon
Bubble Chamber
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1990 1995 2000 2005 2010 2015 2020
Year

Figure by Tom Shutt, SLAC
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LIQUID NOBLE TECHNOLOGY

« Leading sensitivity af WIMP Limits vs Time: principal detector categories
intermediate/high DM masses

« Scalability = large target masses

« High Density = Self shielding

« Readily purified = ultra-low bkg

« Easy cryogenic : 170K (LXe), 87 K (LAr)

- Sl and SD ('27Xe, 13'Xe) interactions o

Cryogenic
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 Many other science opportunities:

o Double weak decays

o SO|OI’ cmd SNV 1990 1995 2000 2005 2010 2015 2020
Year

O e o o
Figure by Tom Shutt, SLAC
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DETECTOR TYPES
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« High light yields,
« simple geometry
* no E-fields

spnyiidwy
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drift time
(depth)

NR or ER
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DUAL PHASE TIME PROJECTION CHAMBERS

S1 : Prompt Scintillation (light)

$2 : Proportional scintillation following e-
drift and extraction into gas (charge)

N more
\ charge
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Electric Recoils (ER)
Nuclear Recoils (NR)
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DUAL PHASE TIME PROJECTION CHAMBERS

« Energy from S1 and S2
« Separation ER vs NR

« 3D event reconstruction:

o X, Y from S2 hit pattern on
top PMTs

o L from electrons drift fime

Xenon collaboration
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Electronic Recoils
Nuclear Recoils

40 50 60 70 80 90 100 110 120
Corrected S1 [PE]
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DUAL PHASE TIME PROJECTION CHAMBERS

Additional ER/NR
discrimination in LAr TPCs

« Pulse Shape
Discrimination(PSD)
parameter foy : fraction of
light seen in the first 20 sec

400 450
S1 [PE]
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Noble Gas

Atomic mass [g/mol] JEeH fse 39.95 1 8
Density [g/cm?] 3.06 1.40 o
Wavelength [nm] 178 128 ’\
Average ionization energy W [eV] 15.6 23.3

lonization Yield [e/keV] 64 42

Scinfillation Yield [photon/keV] 46 40 Argon
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Sara Diglio

LIQUID ARGON DETECTORS

- DarkSide50
= Target: 50 kg (fiducial 31 kgQ)
(depleted in Ar39)
= 38 PMTs
= Data taking: 2013 - 2019

- DEAP 3600
= Target: 3.3 1 {fiducial 1 1)
= 255 PMTs
= Data taking: 2016 - 2020

| - \\
DarkSide50 @LNGS
Dual phase
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DEAP3600 @Snolab
(Canadaq)
Single phase
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AAr Data at 200 V/cm
(LSV Anti-coinc.)

° L UAr Data at 200 V/cm
qukSIdeSO 5 (LSV Anti-coinc.)
i1-coinc.

Target: 50 kg (fiducial 31 kg) z >

(depleted in Ar39) : B

38 PMTs 3 B

Data taking: 2013 - 2019 P G

Exposure: 532 live-days ; S

(0045 fx yeor) 1000 2000 3000 4031)'_!—"—3_010_6_L_'_; 3
DEAP 3600 10

Target : 3.3 t (fiducial 1 1)

255 PMTs

Data taking: 2016 - 2020

Exposure: 231 live-days (2019)
(0.63 t x year)

Detector upgrade in progress
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LIQUID XENON DETECTORS

o XENONNT
= Target: 5.9 1 (fiducial 4.2 t)
= Data taking since 2021

o Lux-Zeplin (LZ)
= Target : 7 t (fiducial 5.5 t)
= Data taking since 2022

o PandaX-4T e N L)) ey
» Target: 3.7 1 (fiducial 2.7 1) EENEE™ =<5 PandaX-4T @CJPL
= Data taking since 2021 (China)

Dual phase Dual phase Dual phase
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LIQUID XENON DETECTORS

10 —
o XENONNT CREssi"
= Target: 5.9 t (fiducial 4.2 1) 1
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= Data taking since 2021

&
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= Exposure: 97.1 live-days = 1074 R
(1.1 tx year) _8 10—41 DarkSide
o
o Lux-Zeplin (LZ) 5 107
= Target: 7t (fiducial 5.5 t) § 10
= Data taking since 2022 ‘G’ 10~4
= Exposure: 60 live-days S 10~
(0.9 t x year) 'g
o PandaX-4T T

= Target: 3.7 t (fiducial 2.7 1)
= Data taking since 2021

= Exposure: 86.0 live-days
(0.63 t x year)

100 10! 102
DM mass [GeV / c?
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HOW TO IMPROVE WIMP SENSITIVITY?

To increase sensifivity down to
the neutrino fog, detectors have
to become bigger, and quieter

Reference
limit _ L
// Signal contour

-

Cross section
Sensitivity

Reference
sensitivity
g , /

Smaller target ] } /
nucleus ' - , Increased

Lower \\ ‘ [ / background |
enerdy . , Improved
threshold ] T
/ ] discrimination
/ ] ' \
Increased
Exposure

Increased
‘target mass

WIMP mass Exposure
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GADMUC includes over 400 researchers from 69 institutions in 14 countries

DarkSide 50

DarkSide 20k

I
LNGS
51t (20 t Fiducial Volume) Y

o

-

- ' ' ARGO
Mini Clean b"q.f- ——— T SNOLAB
Snolab }“’s \ B RN Y <= 400 t (300 t Fiducial
oy .7 YaeE N ] [ Volume)
; \:‘_\ & : « 2 L A " " '
Sy 7N N
— jjt'-:“. N2,

-y

Concept design
from Mark Boulay
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DarkSide 50 ' 4
=
LNGS T

i‘axm (#
Siyi-

Mini Clean (5,
Snolab

Sara Diglio

GADMUC includes over 400 researchers from 69 institutions in 14 countries

ARGO

SNOLAB

400 t (300 t Fiducial
Volume)

Concept design

Construction started at LNGS from Mark Boulay

First physics run foreseen in 2027
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PANDAX - XT

@CJPL (China)

Outer

Multiple phases: gradually update the detector ) Vessel
. N/ 3
based on the Xe possession e Y
- IVETO
Total tfarget mass 43 1
Operation for >10 years Inner Cu
Vessel
o 107 T | Top PMT
5 E 5 12-38- A Array
g 107% § 107} Acti
g o 2 ctive
§ ol E 1074 - Volume
é 107} Z 122 ™ Bottom
E 107*7¢ T 0¥ . PMT Array
g ) g 10} 4
: 10 48 B § 10-41} z b 3
= =49 8 & 10} \ 70
E N Neutrino floor § 107} 5 ,,ff\
a 10_50 e e i TR 9’ 1074 ¢, . &
10 10? 10° 10* 10 10? 10°
WIMP mass [GeV/c?] arXiv:2402.03596v1
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XENON10 XENON100

Operation 2005-2007 2008-2016
period
Xenon mass 14 kg Xe target 62 kg Xe target
Height 15 cm 30 cm
Diameter 20 cm 30 cm

Nel(elblle]ile} Journée SFP 2024

XENONI1T XENONNT
2012-2019 2020-2026
2 t Xe target 5.9t active Xe

8.5 t total Xe
96 cm 148 cm
97 cm 133 cm

: Lumiere sur la matiere noire
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DARWIN

~40 t active Xe
~50 t total Xe

~2.6m
~2.6m



XLZD CONSORTIUM

| Z D

XLZD consortium (xlzd.org) to design and build a common multi-ton xenon experiment

O

« Merger of DARWIN/XENON and LUX-ZEPLIN collaborations
o XENONNT and LZ: ongoing science programs, tfechnology

« 104 group-leaders in 16 countries : MoU signed in July 2021
 joint “white paper’” on physics reach : 600 authors, 141
institutions

progenitors
DARWIN: initiated R&D and design studies

Sara Diglio
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Baseline design

Early Science Opportunity




Dark Matter

* Dark photons
* Axion-like particles
* Planck mass

* Spin-dependent
¢ Sub-GeV

Sun 5 \\ - Big Bang
* Solar pp neutrinos = R * Neutrinoless double
+ Solar Boron-8 NN beta decay
neutrinos g 3 N\ s 777 | «Double electron
%) . \ N A 4y 74 capture
Supernova Cosmic Rays
* Supernova * Atmospheric
neutrinos neutrinos
* Multi-
messenger
Nelfellnle]lle} Journée SFP 2024: Lumiere sur la matiere noire
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A Xenon
Observatory
with a broad

sclence

program
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Ultimate
sensitivity
dominated
by neutrino
Inferactions

Sara Diglio
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ULTIMATE WIMP SENSITIVITY

CRESST
DAMIC-M
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— [Future:
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ARGO

0305 1 3 5 10 30 50 100 300 1000 3000 10°

5
WIMP mass [GeV/c7]
Direct Detection of Dark Matter — APPEC Committee Report - arXiv:2104.07634v 1
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ULTIMATE WIMP SENSITIVITY

10-4
® Observed Result (90% CL)

107* K 20%-exposure Sensitivity
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104
107+
107%

107

10748

—
g
O,
>
O
)
o
o
N
N
fav]
c
S
~N—
Q
QO
/)
/)]
/)]
@)
|
@)

neutrino fog (Xe)

10—49

2000 2005 2010 2015 2020 2025 2030 2035 2040 2045
Snowmass Summary Chapter - arXiv 2209.07426 Year
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CONCLUSION & OUTLOOK

« L Xe and LAr TPCs have demonsirated to be the leading technologies to
exploit WIMPs searches at masses > 1 GeV / c?

« Current generation of noble liquid TPCs recently presented first results and
contfinue to take data over the coming years

* They proved to be sensitive to addifional rare events too
« An effort is in place in both Xe and Ar communities towards big consortia
(GADMC & XLZD) to build giant detectors aiming to explore the WIMP

parameter space up to the neutrino fog + other rare events channels

« R&D and design of these next-generation detectors is ongoing
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