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WIMP direct detection principle
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Phases of the XENON Program
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XENON10 XENON100 XENON1T XENONNT
2005 — 2007 2008 — 2016 2011 — 2018 2019 — 2025
15 cm drift TPC 30 cm drift TPC 100 cm drift TPC 150 cm drift TPC
Total: 25 kg Total: 161 kg Total: 3 200 kg Total: 8 600 kg
Target: 14 kg Target: 62 kg Target: 2 000 kg Target: 5 900 kg
ER background : ER background : ER background : ER background :
1000 evt/(t.keV.d) 5.3 evt/(t. keV.d) 0.2 evt/(t.keV.d) 2.2 103 evt/(t. ke V.d)
Achieved (2007) Achieved (2016) Achieved (2018) Projected
Og =4.5- 104 cm? Og =1.1-10% cm? Og =4.1-10% cm? Og = 1.6 x 1048 cm?
@ 30 GeV/c? @ 55 GeV/c? @ 30 GeV/c? @ 50 GeV/c?
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Dual phase TPC: principle
TPC = Time Projection Chamber

S1:

- Photon (A =178 nm)

GXe > from Scintillation process
| —> Electrons drift
LXe drift time - Extraction in gaseous phase

(depth) - Proportional scintillation light

3D reconstruction :
- X,Y from top array
- Z from Dirift time

particle
(S2/S1)wimpn < (S2/S1)yp
( 5'1 Si A Nuclear 5'1 2 Electronic J
Recoil ‘ Recoil
LX/ : Drift time J — > =
Y/B  Drift time
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Origins of backgrounds
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Uses of S1 & S2 with XENON1T data
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XENON1T Results — NR Searches
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XENON1T Results — NR Searches

10734 4
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a Standard Analysis (S1-S2) )

> high mass WIMP search (> 6 GeV/c?)

» minimum of 4.1 X 1047 cm? at

30 GeV/c?2(90% C.L.)

PRL 121 (2018) 111302
S2-only NR

» using charge signal (S2) only

» lowering threshold

> low-mass WIMP search (< 6 GeV/c?)
\_ PRL 123 (2019) 251801/
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XENON1T Results — NR Searches

10734 -
10-36 -
10-38 4
10-40 4 S2-only Migdal
1074 1 S2-only NR
10-44 4

1046 4

DM-nucleon cross-section [cm?]
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a Standard Analysis (S1-S2)
> high mass WIMP search (> 6 GeV/c?)
» minimum of 4.1 X104/ cm? at

2
30 GeV/ie#(90% C.L.) pry 121 (2018) 111302

S2-only NR

3
Dark matter particle mass [GeV/c?]

TTTT T | L

10 30 100 300 1000

N

4 S2-only Migdal (NR + ER)
» using charge signal (S2) only for NR+ER
» Migdal effect (theoretical prediction)
» low-mass WIMP sensitivity down to 85

» using charge signal (S2) only
» lowering threshold

> low-mass WIMP search (< 6 GeV/c?)
\_ PRL 123 (2019) 251801/

MeV/c? PRL 123 (2019) 241803
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XENON1T Results — NR Searches
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1048 +rrm————
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( CEuNS Search

» Coherent Elastic Neutrino-Nucleus
Scattering for B neutrinos from the Sun
» irreducible background in future WIMP

» we lowered our threshold from 3-fold to 2-

( Results \

» No excess observed
» use to constrain light and charge yield of

detector at lowest energies
» place new limit on light dark matter

J

. 2
\ between 3 — 11 GeVIChr 426, 091301 (2021))
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XENON1T Results — ER Searches
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XENON1T Results — ER Searches
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XENON1T Results — ER Searches

3.20 TRITIUM BACKGROUND

_ Fitted concentration: (6.2+2.0) x 102> mol/mol 3H/Xe

~ We don’t expect that much 3H from liquid purity

.~ Very difficult to confirm or exclude such a tiny abundance

3.40 SOLAR AXIONS

':::::' Non null coupling to electrons - ABC and/or Primakoff

"""" Strong tension with astrophysical constraints
----- AX|ons+3H favoured over 3H-only at 2.1 0

3 20 NEUTRINO MAGNETIC MOMENT u,,
=[1.4,2.9] x 10! p,
y > 101> would imply neutrinos to be Majorana fermions
~ Tension with astrophysical constraints

3.00c BOSONIC DARK MATTER

' Including pseudo-scalar (ALPS) and vector (dark
photons) bosons

© Most restrictive constraints to date set

Solar axions + (unconstrained) 3H fit

events/(t-y-keV)

T T
[ — Ho: Bo +3H
Bo+3H + axion =~ -

— H;j:

» ABC axion
- 57Fe axion

- Primakoff axion |

SH

| —T

Energy [keV]
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From XENON1T to XENONnNT
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From XENON1T to XENONnNT

Larger TPC New cryostat

* Total 8.6 t LXe

e 59tinTPC

e ~4tfiducial

e 248 - 494 PMTs

water shield cryogenics

GXe purification

muon veto 'ﬂ'\ —\A_
) H] )

DAQ Slow control

IF
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=

C: Kr distillation

) = @

support structure '
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From XENON1T to XENONnNT

Neutron Veto

* Inner region of existing muon veto
* optically separated

e 120 additional PMTs

* Gdin the water tank

* 0.5% Gd,(SO,);

water shield cryogenics

muon ve@/\ // \\ \
) /\ H] )
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IF
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C: Kr distillation

R B __
n | e
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From XENON1T to XENONnNT

LXe purification

* Faster xenon cleaning

* 5L/min LXe (2500 slpm) ek P
(XENON1T: 120 slpm) ’

Moxdel —_— 4

Electron Lifetime [us]

~" 3 — ","
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‘ "Li_q_;t-'d purif
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e\ AR

®) (= @-
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N\ N\
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:O \C: .
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From XENON1T to XENONnNT

222Rn Distillation

* Reduce radon from pipes, cables,
cryogenic system

* New system, tested in XENON1T

* Background reduction 1/10

water shield cryogenics Rn distillation
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From XENON1T to XENONnNT

Storage and Recovery (ReStoX-Il)
* 10 tons capacity

* Storage in Solid / Liquid / Gas
* Fast recovery (1 ton / hour)

water shield crysgenics GXe purification Rn distillation
[r— N
muon veto
7\ \ N =
™\
!O n veto C: \
N
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) Kr distillation \
R N
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= )
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:O @
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XENONNT expected sensitivity

E. Aprile et al JCAP11(2020)031

XENONNT SI projection
50 GeV/c? WIMP
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o
|

Detailed investigation on the low-energy ER
excess observed in XENON1T

Expected o
(@)}
[

Preliminary study suggest that after few months of

4 ]
XENONNT data the solar axion signal hypothesis could be
differentiated from 3H background at the 50 level o i
00— 2 3 s 5 6
Exposure [t-y]
21
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The DARWIN Project

e Time-projection chamber: 40 active tons of LXe,
2.6 min diameter and height

e Ultra-low background Goal: deep underground,
low background cryostat, neutron and muon veto

-~

outer cryostat
Nty

inner cryostat ' -

field cage
(copper, 92 rings)

support structure
(PTFE, 24 pillars)

i
: '

JCAP 1611 (2016) no.11, 017

top sensor array
(955 PMTs, electronics,
copper + PTFE panels)

top electrode
frames (Titanium)

TPC reflector
(PTFE, 24 panels)

bottom electrode
frames (Titanium)
L == bottom sensor array

pressure vessel

Engineering

studies
2022 TDR

2025

Construction

phase

Commissioning
phase

2026
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The DARWIN Project

JCAP 10, 016 (2015)
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Evolution of LXe TPC as WiMP detectors

XENONAT
Fiducial mass [kg] O
PandaX
LUX
CENONTG XENON100
5 34 118 306 1300
1000 oa 2.6 0.8 0.2

Low-energy ER background
[events / (tonne keV day)]
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Evolution of LXe TPC as WiMP detectors
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Summary and outlook

e Xenon based Dual Phase Time Projection Chamber has proven to be the leading
technology in the field of direct Dark Matter searches.

e XENONNT is about to start its physics program, and aims to improve the results of
its predecessor and answer to the Low-ER excess question.

MaivAR $1 MairvAlt 52

.......................

Ampiitude [pe/ns]

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

e  DARWIN will be much more than the ultimate LXe-based dark matter detector

=>» large detector with ultra-low backgrounds, very good energy resolution, low energy
threshold
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