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The XENON collaboration

Search for Dark Matter with the XENONNT experiment
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institutes
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Dark Matter Evidence

i XENON Search for Dark Matter with the XENONNT experiment
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Planck 2015 results, arXiv:1502.01589 Douglas Clowe et al 2006 ApJ 648 L109 DOI 10.1086/508162 https://mosdef.astro.berkeley.edu/for-the-public/public/galaxy-masses/
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it XENON Search for Dark Matter with the XENONNT experiment

Detection principle: dual-phase time projection chamber (TPC)
 Prompt light signal (S1) S1

e Secondary light in xenon gas phase from GXe &
drifted charges (S2)

* Energy reconstruction using the combined

S1 and S2 signal LXe

* 3D position reconstruction particle

e zfrom S1-S2-delay time
 x-y from S2 light distribution

e Event discrimination

drift time :l
— (depth) —— timey,

Illustration: Lutz Althiser

s - - - - - -8

* Electronic recoil (ER)

* Nuclear recoil (NR)
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XENON Colléboration XENON Collaboration

XENON Collaboration e e
XENON10 XENON100 XENON1T XENONNT
2005 - 2007 2008 — 2016 2012 -2019 2020 — 2026
14kg Xe target 62kg Xe target 2t Xe target ~6t Xe target, 8.6t total
~1043cm? ~10%°cm? 4-104’cm? Projection: 1.4:10%8cm? for 20 t-yr
~2,000,000 background | 1800 background ER | 82 background ER 16.1 background ER
ER events/(keV-t-yr) events/(keV-t-yr) events/(keV-t-yr) events/(keV-t-yr)
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XENONNT

Radon column

Data acquisition

-

LXe purification system
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First XENONNT Science Run (SR0)

Exposure of ~1.16t-y

Radon column in gas only
mode

Drift field at 23 V/cm
477 PMTs out of 494 operating

Hotspot: localized bursts of
single electron emission

Various calibration sources for
detector characterization
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Search for Dark Matter with the XENONNT experiment
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Low-energy ER excess in XENONI1T

XENONIT: excess of events in low-energy ER
spectrum

Compatible with various BSM signatures (solar
axions, ALPs, dark photons, enhanced neutrino
magnetic moment, ...)

Also consistent with potential tritium (*H)
background, required rate would conflict with
observed target purity and transparency

37Ar removed by krypton distillation

» XENONNT SRO addressing this question first
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Search for Dark Matter with the XENONNT experiment
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Phys. Rev. D 102, 072004 (2020)
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Search for Dark Matter with the XENONNT experiment

Low-energy ER spectrum in XENONNT

— B, — 2UpL . 136Xg — 124xg ‘ — S3mKy —
- I Data $Kr Solar v Materials — %Xe : ]
s T I = l l l
BN ) ' I | %80: IIII’H [T Tr.1g }
P AN i RIS
R ) s :

— S 20
0 20 20 60 80 100 120 140 ’ 15 20 25 30

Energy [keV] Energy [keV]

» After low-ER unblinding: extraordinary background reduction, no excess observed (PRL 129, 161805 (2022))
NR analysis in preparation, expected to set new limit on WIMP nucleus scattering
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Search for Dark Matter with the XENONNT experiment

Further BSM Physics Constraints —
o - . . -8 L - § _ T XEEI?IONlT
* Axion signal search assumes axio-electric " ' EF S
. . - i XENONNT ' omma  XENOD I
and inverse Primakoff effect T 10 T (This work) ’ ~
& = - {10-11 2
. . I_‘;- 10-10 | CAST (mg < 10 mem . W ::;'
* Improved constraints on axion-gamma, ° < T— ; ]
- - - L EE (R o XENONT |
axion-electron and axion-nucleon coupling 1071 5 e : | T (This work) |
(a) Solar axions‘: é (b) Neutrino magnetic moment
c o o 10-12 : —_— . —— 10-12
e Constraint on solar neutrino magnetic 1077 10-12 1071
1071 X-ray and gamma-ray i ALP lifetime “\ 3 107H
moment 1, <6.3x10-12 u, (1 < 138 Gy S
CDEX-1B — o 510
2 2 __on g 2 c 10712 F . R ]
* Most stringent limit in any direct detection i J10-
. CDEX-1B ‘L$Cl '
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e / ..-\'\';," Stellar bounds
. 5 . ' q10-15
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* New limits between 1keV and 140 keV PRL129, 161505 (2022)
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Search for Dark Matter with the XENONNT experiment

Summary

e New XENONNT subsystems successfully commissioned { 11?_‘}

 Lowest ER background level ever achieved by dark matter -
experiment: 16.1+0.3 events/(t:y-keV) @

 SRO ER analysis observed no excess, new limits on BSM physics y

* NR WIMP analysis in preparation

1Z

LUX-ZEPLIN DARWIN

Currently operating with 10 Leading many R&D projects

Currently operating with 8.5

tonnes of liquid Xenon at Gran

Sasso in Italy South Dakota liquid Xenon detector

tonnes of liquid Xenon at SURF in designing a future 50 tonnes

More analysis channels to be explored (S2only, Migdal
effect, CEVNS, double-weak decays)

Joining forces towards a next-generation dark matter
experiment: XLZD consortium, still in planning phase

M) White paper: arXiv:2203.02309
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