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Input recelved

Submissions

Mainly from large collaborations (Xe and Ar communities) addressing, as main goal, traditional WIMPs

#175 -- XLZD: The low-background observatory for astroparticle physics

# 268 -- Dark Matter Searches with Low-Radioactivity Argon
+ Networks and National inputs, National Laboratories

The paradigm in the community IS shifting.
Technological advancement (lower thresholds) enables to turn attention to lower mass candidates.

In this region of parameter space, the higher flux of lighter DM candidates enables small exposures to be competitive.

(...Next couple of slides are not meant to be an exhaustive review... )

P. Agnes, status and prospects of direct detection


https://indico.cern.ch/event/1439855/contributions/6461568/
https://indico.cern.ch/event/1439855/contributions/6461670/

Principles of Direct Detection (DD)

Model iIndependent approach, with assumptions on
Standard Halo Model (DM local density, v distribution)

Spin-Independent (Sl) or spin-dependent (SD)

Predicted flux: ~10>cm-2s1 ( Mw= 100 GeV/c? - density
0.3 GeV/cm3) at terrestrial detectors and predicted rate:

- scales as A2

- energy recoil < 100 keV

Annual and diurnal event rate modulations are signature
(large number of signal events)

If no eventis observed in a given exposure, experiments
can put a limit on the interaction strength
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C. Macolino TAUP 2019

high energy v
(CNNS)

muon-induced
neutrons

natural
y bkg

neutrons from (o,n),
spontaneous fission

|Intrinsic #22Rn,

85Kr’ 136Xe
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Cosmic muons suppressed by 10¢in typical UG
laboratory

Extreme attention to material cleanliness (238U,
232Th, 40K)

Particle identification desirable to suppress
backgrounds

Irreducible v background from solar, diffuse,
atmosphericv's via CEVNS




Exclusion
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Exclusion
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http://g.hr

Technological advance and novel strategies

Snowmass 2021, Landscape of low-threshold DM DD
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Limited potential of elastic Liquid Nobles @a‘i‘:} )
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my >10 GeV/c?

Several efforts to test the claim by DAMA, now excluded at >3.50

(ANAIS-112, COSIN

--100, SABRE, COSINUS) — not covered in this presentation

Noble liquid experiments are providing the most stringent constraints and are the most

#1/50--XL/

promising technique to reach the neutrino fog

# 268

D: The low-background observatory for astroparticle physics

-- Dark Matter Searches with Low-Radioactivity Argon

P. Agnes, status and prospects of direct detection


https://indico.cern.ch/event/1439855/contributions/6461568/
https://indico.cern.ch/event/1439855/contributions/6461670/

Current status, my >10 GeV/c?, S

Dual-phase TPC to detect prompt de-excitation (S1) and
delayed electroluminescence (S2) — typical drift times ~ ms

3D vertex reconstruction (< cm)

Noble liquids particularly suitable (purity, scalability,
transparency)

— lonisation energy ~ 10 eV

— background discrimination based on S2/51 and pulse
shape discrimination (PSD) using time profile of scintillation

R pulse
Outgoing
Particle

Typically operated in combination with anti-coincidence

Incoming
Particle external veto systems for radiogenic and cosmogenic

background sources

e Threhsold at 5 keVnr (LXe) or 50 keVnr (LAr)
e Large exposures achievable

P. Agnes, status and prospects of direct detection



Xenon programme
4.00
Three large experiments are currently running EQ 3.75F
LZ (SURF, 7 t active mass) & 3.50F
PandaX (CJPL, 3.7 t active) Daash
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ER background mainly due to internal Rn, 275
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;; : Slec [phd] 12
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B ® Best Limit (90% CL) § % 'g‘ 102
0 o XENONI10 ®  Sensitivity Goal EER
- e
ZEPLIN-III il
10—44 C\IE
a 3
E e o XENONI100 —
® © 0
S LUX 10
= o PandaX-II 3
o 107 ' S
c:mjj XENONIT * .PandaX-4T [ % > . {* E 10' -
8 10~ ) '/\' | "i[:’}.ﬁ‘,ﬂ | . E : ) =
10_43 ..LZ ) - "i .j‘! : 3 — . ‘ — B 10-48 [ ‘\, // ===++ Median 3o discovery potential
neutrino fog (1 evt) XENONnT Q\ ':! e . i 1B EL) . -==- Median expected upper limit 3
neutrino floor, Billard (2014) \\ ’ DARWIN /-03 ‘, w O RC |t 8} < 42 tyr = Ez:;;g:l?zxcrji:;sctrjﬂ:;Limn
10749 = T — .~ - ssmesammsrrmel — l AP y g ! T P—— 11..12 M e 111.13 S
l’ 1 1 1111111l 1 L 1111111 1 1 111:111 1 [T T . . | ® 7 . 10 10 10 10
10 107 1 10 R - : - "
“m. WIMP M V/
Target Mass [t] sl
P. Agnes, status and prospects of direct detection

10



Xenon programme XLZD

XENONNT+LZ (440 members from 74 institutions)
Reach physics reach, including DM, OvBB (136Xe), SN and solar neutrinos, double electron capture...

R&D ongoing for drift field (3 m), internal 222Rn contamination (target: 0.1 uBag/kg), could benefit from
synergy with CERN NP (cryoplatform, HV)

Selection of hosting underground site (LNGS, Boulby) in 2026, Nominal Opportunity
TDR expecte din 2027 (60 t active) (80 t active)
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Discrimination at 20 keVee
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Argon programme

Global Argon Dark Matter Collaboration (400 members, 65 institutes)
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Argon programme: DarkSide-20k

DarkSide-20k, currently in construction at LNGS (50 t active)
— protoDUNE-|ike cryostat delivered by CERN, already built underground

— will use need extraction and purification of 100 t of argon from
underground CO2 well (depleted from radioactive 39Ar by >103)

— pioneers large area, low-noise SiPM arrays for light detection (25 m?)
achieved 103 reduction of dark counts

400 m2 1SO6 clean room at LNGS for the assembly

\\‘{

» ¥ "
i_ < e "":..' I
Hall C LNGS [P
= . : ]

-

NOA at LNGS

P. Agnes, status and prospects of direct detection
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Sensitivity projections
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~0.1 GeV/c2 <my < 10 GeV/c?

A lot of complementary activities, exploiting different techniques and targets

Summary for DM-nucleon scattering:
Thresholds goal at < ~100 eV
Light targets have more favourable kinematics - NR

Backgrounds (radiological are no more dominant)

+ inelastic (Migdal)

P. Agnes, status and prospects of direct detection
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lonisation only searches in noble liquids

Lower the threshold, exploiting single electron sensitivity
(10-20 eV) to lower analysis threshold down to 100 eV

_Imited background discrimination and no vertical fiducialisation

Background due to spurious electrons (trapping/release on
impurities, delayed extraction, fluorescence - timescale up to O(1)
s) to be understood.

Currently most stringent exclusion for GeV scale dark matter

X

X ray P
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ncaion oo, (SR + Migdal effect (inelastic): exploit

lonization which follows the sudden
acceleration of atom struck by DM to
boost the signal

Auger electron

104

103

102

10!

— SE model
—MC by

+ deltaT >

—— SE, Poisson

+ MB bg

2ms

| * 1 l 1 t 1 t 1
10 ¢ | I I ‘ ‘
6 8 l ' 10
Number of extracted electrons
DS-20k - 1

g 10 7 e — OF = Ng- o e
g X N N Sk ..... DS-20k - 1 year
(@] i QF - Ne- =14

T 1o-40 L —— DS-50 - QF - 2023
0 - —— PandaX-4T 2023
o) ——— XENONnT 2023

c 10_41 ls PandaX-4T 2023
(0] -, ——— LUX 2021

,9. —— XENON1T 2021

O ok —— Pico-60 2019

é’ 2 \ —— CDMSlite 2018
,'_' —/\\ = ——— LUX 2017

- \ ‘. ~
3 1043 __% s DAMA/LIBRA 2008
! B 0 ~ '~,. Excluded region
g - l‘ /.é\\ LAr Neutrino fog n=2
-~ e,
\ ........
M 10™44 CG/.V e e - —— ______
A o
10-45 | | | | | N\
1 2 3 4 6 10
m, [GeV/ c?]

P. Agnes, status and prospects of direct detection



Wide range of targets and technologies

Gaseous detectors

NEWS-G (Ne, CH4, He) —> DarkSPHERE (single channel spere, He:i-C4H10, 20%:10% @5bar, 3 m)
CYGNO (optical TPC directionality, He:CH4 at room T and pressure). LIME at LNGS

ALETHEIA, liquid He TPC

Series of workshops to tackle bg of Low-
Energy Events (LEE).

He-Superfluid + phonon readout
DeLight, QUEST-DMC, HeRALD (TESSERACT)

107 ;

106 My

Cryogenic solid-state detectors 2 10°; B |

3 3 ] -l'lrM"'\nr
lonization detectors: SuperCDMS, EDELWEISS, DAMIC/SENSEI § 122 ‘] t\%ll = on
Cryogenic bolometers: CRESST, BULLKID-DM S 10 P‘“L, stress

o 100*§
+ SPICE (TESSERACT) P n g
Dual-observable enables particle identification => bg rejection v 10! 107 :

Energy (eV) S S
= CRESST-IIl CAaWOQOg4 = BULLKID NUCLEUS
CRESST-III SOS = SCDMS-CPD TESSERACT LS

—— EDELWEISS RED20
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CRESST-III (LNGS)

Detect thermal phonons (Transition edge Sensors, TES)

and light (Silicon On Sapphire, SOS), various target
crystals: CaWOa, Al2Og3, LIAIO2, Si

CRESST-I1
Probed down to 160 MeV/c2

6 kg day exposure search
24 g crystals CaWOq4
30.1 eV threshold

Etes2

Currently preparing upgrade, to increase
target mass and lower even further the
threshold (smaller crystals)

+ implementing dual-TES readout to suppress

LEE

Potential to improved current limits at 100 MeV/c? by orders of magnitude

ETest

Light Yield
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DAMIC 2020 NEWS-G 2018 —— SuperCDMS-0VeV 2022

105 — 10-31
— 10% 10732
e £ E
£ 103 103 O
S 5 c
g 10% 10- 5
; O
¥ 10% 107% @
7)) E "
8 10% 1036 @
b o [
2 1071 10737 O

o F

S 107% 10738 g
2 10—3: 10—39 LD)
o :
E) 10-4E‘ 10—40 %
£ B
_5 -
8 10 ; ‘ 1041 8_

— _6h \ -42
g 10 r ~ 10 ﬂ:’
g 10-7 10743 é
% 1078 10744
a ©
107° Coherent Neutrino Scattering in CaWO, 107% 0

100 o 1 I I I S S S I 46

1079.07 0.1 0.2 0.3 1 2 10

Dark matter particle mass (GeV/c?)

P. Agnes, status and prospects of direct detection



Current exclusions and projections
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my < 0.1 GeV/c2

Small exposure can be competitive
Large number of new ideas and technigues

DM-nucleon

Push threshold at the eV and below DM-electron

Non-radiological backgrounds

P. Agnes, status and prospects of direct detection
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DM electron
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2000

Skipper CCDs =

1200

f pixels [ /0.01 e- ]
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SENSEI (SNOLAB), DAMIC-M (LSM) =

FTTTTyrTrTy T rTTy T T T T T rTTI T rTTTT
LR RN RRRE RN RN LN RN R R

3000 skips
15us integration time
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—> skipper CCDs (pixellated silicon B

sensors, readout each pixel multiple times to reduce

the electronics noise)

Thick pixels (DAMIC-M: 675 um), exploit diffusion

for fiducialisation and discrimination

Long exposures and slow readout

Energy threhsold: 1.1 eV
Readout noise: < 0.2 eV

Low dark noise (~1.4E-5 e-/pixel/day
DAMIC-M exposure: 1.3 kg-day

OSCURA is the proposed next phase: 10 kg of Si,
/00 pm thick pixels, aiming at 30 kg.yr exposure

and 2 e- threshold (target: ~1E-6 e-/pix/day)

Charge [e-]

Traditional CCD

Electrons (curly tracks)

Skipper- CCD

Muons (straight tracks)

X-rays / y-rays (point-like events)

DM-e, light mediator
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DM-electron — scattering

DM electron Sl scattering (heavy mediator and light mediator)
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DP and ALP absorption

Well understood datasets enable searches for different signal models. DP and ALP absorptions result in mono-energetic
peaks at E = m; and can probe DM candidates from 1 eV to MeV
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Wide range of opportunities

. Electron scattering mediated by light dark photon 10-38 Nucleon scattering mediated by heavy hydrophilic scalar
10729 v T T I ; = — ' B — 1 T T A B T T
’ 11 optical .‘- T —— p— 20 Al0s
=34 \i | " B
1074 & phonon 10
10-36f i 4 creation Freeze—In 10-40
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DM-electron (optical phonons) and DM-nucleon (acoustic phonons)
Several combinations of target, detector technology and readout
Several R&D programmes with the ultimate goal of single phonon sensitivity

First step is to identify viable technologies, then characterise backgrounds and calibration strategies
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Complementarity (more in the next talk)
and broader range of models
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Comparison of maximum reach
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Broader range of models

=4
~ ==
‘5_-”

“r e
.....
..................

ot
.....
'''''
----

—— DAMIC-M DM-e 2025
......... Oscura proj

—— PandaX DM-e 2023

—— DarkSide-50 DM-n 2023
——— CRESST-III DM-n 2020  ----- SuperCDMS SNOLAB DM-n

1074 —— DarkSide-50 DM-e 2023 CRESST-II proj —— DarkSide-20k DM-n proj
————— DarkSide-20k DM-e proj = DarkSPHERE DM-n
10—23
| | | | L | | | | L | | | | L | | | | L | | L
101 10° 10! 10° 10°

Dark Matter Mass [MeV /c?]

BC2 benchmark (from PBC):
minimally coupled viable WIMP dark
matter model can be constructed
with a Dark Photon as light mediator
(seen in the previous presentation).

Both DM-nucleon and DM-e-
contribute to constraining the
parameter space

DD can put constraints on broader
range of models (not addressed in
this talk)

Ultra-heavy, effective operators,
boosted DM
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DD in the context of ESPP

Submission are mainly large collaborations
(Xe and Ar communities) addressing, as main goal,
traditional WIMPs + GeV range

+ Networks and National inputs, National Laboratories

Well established programmes (~2 decades) towards
the neutrino fog > 10 GeV. Established theoretical
(complementarity) and technological synergies.

Lots of activity at lower masses underpinned by novel
technologies and techniques, exciting opportunities and
new Ideas which can grow and provide results in a short
amount of time
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Thanks

Thanksto C. J. O'Hare for providing and maintaining various tools to make many of the plots

Additional thanks for their recent review/ideas/material to R Essig, K Palladino, C Tomei
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