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o, | Status of the XENONnT
4 ' Dark Matter Experiment
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The XENON Project
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2008 - 2016

[

2005 - 2007

XENON10 XENON100 XENONA1T XENONNT
Active Mass

14 kg 62 kg 2 tons 9.9 tons

~10-43 cm? ~10-45 cm? ~10-47 cm? ~10-48 cm?
JCAP 04 (2016) 027 JCAP 11 (2020) 031 Sensitivity



The Xe Dual-Phase TPC

Detection Principle

S1 scintillation light S2 ionization light

e Dual phase (LXe + GXe) Time Projection Chamber

F—H"’(Sl ' SQ)
 Energy Reconstruction g1 g

_ * (X,y) from S2
e 3D Event Reconstruction

e 7z from drift time

L. Althueser
L. Althueser

 Discrimination between Electron Recolil and

Nuclear Recoll

drift time

| ¢ (depth) > :
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The Xe Dual-Phase TPC

Detection Principle

BaCkg rou nd Phys. Rev. Lett. 119, 181302 (2017)

Electron Recoil (ER) Nuclear Recoil (NR)
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Physics Research In i::: XENON

Dark Matter Neutrinos

 Double beta decay of
WIMP Search

136 Xe
 Double-electron
capture In 124Xe
 Neutrino magnetic
moment

e Spin independent
 Spin dependent
e Sub-GeV

Solar Neutrinos
* Boron-8

 pp neutrinos
Solar Axions

 Dark Photons

 Axion-like particles
(ALP)s

 Planck mass

Supernova neutrinos

Multi-messenger




The Experiment

e Commissioned in 2020/21

e Currently in Science Run: data taking

and analysis

Cryogenics & Xenon Purification
Rn Distillation

Cryostat & TPC"
‘ Electronics, Data Acquisition
& Slow Control

Xenon Storage,
Recovery & Kr Distillation

Muon Veto
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The XENONNT TPC

Outer vessel

5.9t active LXe (3 times XENON1T)

Inner vessel

Diving bell

e 494 PMTs Hamamatsu R11410-21 3-inches

Outer vessel flange

Top PMT array
Top electrode frames

* Tunable field shaping rings chain

HV feedthrough

Guard rings

* Materials selection based on intense screening campaing

Field shaping wires

Blocking and sliding
reflectors

Bottom PMT array
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Bottom electrode frames
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e Electron lifetime >10 ms

/ e Ultra-low radon emanation “

XENON Preliminary \“
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Neutron & Muon Veto ==t XENON

< 2100 Area [pe]

S reflectivity ePTFE panels,
Z

Instrumented with 120 low-radioactivity, high-QE PMTs

2000

T L T T T L T T T T 7 L L | T
0 50 100 150 200
Time [ns]

Aims to reduce the background of radiogenic neutrons
coming from the detector materials

d - g -, = - -
A 1= ;. - ' » Emission of - Reflection
sl ' gammarays < —"

recoil Electrons from Compton
\ n scattering on water

Nuclear

% Thermalization
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Gd-Water Purification Plant * Expected tagging efficiency with Gd: 87 % - with water

(In commissioning at LNGS) * Goal: <1 neutron events / (20 tonne year)

nVETO Top View
E Water Cherenkov Detector instrumented with 84 PMTs “’"ef"sfﬁ
200-: b
Passive water shield w 0p
Water Cherenkov detector, currently operated with demi-water. o |
In the next phase we will dope with 0.5% Gd-sulphate. R I
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XENONNT C

ommissioning
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e Science Run

Now




XENONNT First Science Run zid XENON

First XENONNT Science Run ongoing g S 0 '
* Focused on WIMP search f
* |nvestigation of the low-energy ER events
Initial XENONNT Perfomance ¢ P

* Light Collection: ~17%

 SPE Resolution : ~27% (Y cptimization) o PMTO 105-
2.2 1 : PMT 100 .

PMT 256 - le”
PMT 332 ]
PMT 401
mean
+1%

0
¢¢¢¢¢°°¢¢

 Excellent PMTs performance

Single photoelectron gain (x10°)
Counts

102 T T T

2 3
Normalized S2

PMT Performance

0 10 20 30 1
Number of calibration
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Detector effects and
energy resolution
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XENONNT First Science Run

Projections

Expected WIMP-nucleon cross section

XENONNT SI projection in 20ty 10~
-\ . Discovery limit (50) - XENONDT SI projection
10~4 . --- Discovery limit (30) [ 9 XENON11 50 GeV/c? WIMP
e F \: —— Sensitivity (90% CL) _ |
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. | s Ll e T _
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« XENONNT will be able to study this excess: 207 | TRl IR E af :
0 % % } t t o .
0_2:5 RARE: R T § 2r 1
After few months of XENONNT data the various hypothesis to OLL-wng e 0 . . . 1 1 .
. . . . =~ 1 2 3 4 5 6
explain this excess can be discriminated at the 50 level Energy [keV] TN Exposure [t-y]
X
=
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Summary and Ot - o
o 'q'g:‘\'éﬁ

« The XENONNT Experiment, located at Laboratori Nazionali del Gran Sasso,
has been commissioned in 2020/21 and is currently taking science data: ¥
 with a Dual-phase Xe TPC with 5.9 t target mass Q?'

e achieving an e-lifetime > 10 ms

 with alow Rn level (< 2 yBqg/kg)

* with a reduced n-background thanks to the novel nVeto system

.

 The analysis of the first months of Science Data will be focused on the %

WIMP search and on the low-ER events, shedding light into the excess of

event in the low ER region, seen by its predecessor, XENON1T.



http://xenon1t.org

Backup Slides



XENON1T Low ER excess

Events/(t-y-keV)
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Observed 285 events in 1-7 keV

Expected (232 X 15) events
— ~ 3.30 Poissonian fluctuation!

Excess observed at low energy Electron Recoll

* The signal is compatible with solar axions and the best fit on this hypothesis has 3.4 o

* Other possibilities: e.g. Tritium (3.2 0)

More data needed...

. more data expected from XENONNT

Events/(t-y-keV)
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XENON1T
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Reconstructing energy
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Erwann Masson, “From XENON1T to XENONNT: Latest Results and First Light”, 32e Rencontres de Blois, 17-22 October



