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The XENON project

v" Dark matter direct detection experiment

v~ 180 scientists, 27 institutions, 12 countries

v" Dual phase xenon time projection chamber

’/7 v Laboratori Nazionali del Gran Sasso (LNGS)
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) and free electrons (cc S2) are produced from
an impinging particle.

Scintillation photons (

Combination of
v~ 3D position reconstruction

v" Energy reconstruction: Egep, « (n, +ne-) = (54, +5%/4,)
v ER/NR discrimination via the charge-to-light ratio

B,Y, ..

and S2 signals allows for:

WIMP, n, ...

ER

O —>O°

~N

NR
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Scintillation photons (- 1) and free electrons (cc S2) are produced from

an impinging particle.
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The XENONNT experiment JoAP 11 (2020) 0

XENON

v" Three nested detectors (muon veto, neutron veto, TPC) in a ~10 m x10 m water tank
v" Three-floor auxiliary building hosting experiment infrastructure
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https://iopscience.iop.org/article/10.1088/1748-0221/9/11/P11006
https://iopscience.iop.org/article/10.1088/1475-7516/2020/11/031

Phys. Rev. Lett. 129, 161805 (2022)

The first XENONNT science data (SRO0)

83mKr AmBe
mm %?%Rn STAr Other operation
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>
£ v Three ERinternal calibration sources: 83mKr (TPC response monitoring and characterization), 22°Rn (ER response model and
g data quality cuts development), and 3’Ar (low-energy TPC response characterization)

v 241AmBe external calibration for NR response model and neutron veto characterization
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.161805

Phys. Rev. Lett. 131, 041003 (2023)

WIMP search

10? AC Surface ER Neutron — WIMP e Data
" T T T T T T T T T T T T T T T T T T

v WIMP search performed in a blinded fashion

v SRO (1.1 t x yr) WIMP search data interpreted using
unbinned likelihood in (cS1, ¢S2, r) parameter space
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v Detailed background (4 components) and signal models

1 o sensitivity 2 0 sensitivity

10—43

£
S,
§_ 210_44 I BT R RS S RS
i = 0 20 40 60 80 100
~ 46: cS1 [PE]
= S 10-45L
% § [ v" Several signals from a wide range of WIMP masses
g o 1079 were tested. None of them were statistically significant
s 5 |
E 5 10~ -
S = v Lowest ER background rate measured in dark matter
5 s i detectors: (15.841.3) events/(t x yr x keV), in 4.37
= 10748 La—aud bl — tonnes and within (1, 30) keV
= 10 102

05/15 WIMP Mass Mpy [GeV/c?]


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.041003

How did we get there?!
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Dual-phase time projection chamber
v 1.5 m high and 1.3 m in diameter

i { v Total of 8.5 tonnes of LXe, 5.9 tonnes of which instrumented (x3 WRT XENON1T)
r\'- L '\} o

' v" 5 electrodes and 2 sets of field shaping elements
. |
‘7@ LYY Y

‘ Top TPC grids

PTFE pillar
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| v" 494 Hamamatsu R11410-21 3-inch PMTs (x2 WRT XENON1T)

v" Materials selected prior to an extensive radioassay campaign

—PTFE reflector

PMT array—| -

153 PMTs from XENON1T; the
remaining 341 PMTs were
selected after a meticulous
testing campaign.
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https://iopscience.iop.org/article/10.1088/1748-0221/16/08/P08033

Phys. Rev. Lett. 131, 041003 (2023)

Veto systems

v NV optically separated from MV by high reflectivity ePTFE
panels cage

XENON

~
=]

E
=3
Zz
fo‘—'
0%
Z
§M
o
SE

v" Tag neutrons through the neutron-capture on hydrogen which
releases a 2.22 MeV y-ray

M
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\W§
v" Measured (68 + 3) % tagging efficiency @ 600 ys window and
a 5-fold PMT coincidence, and 5 PE threshold

v" 53.3% tagging efficiency with SRO configuration (250 ps veto
window)

Giovanni Volta, TIPP2023, 7 Sep 2023
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.041003

o« fo . Eur. Phys. J. C 78, 604 (2018)
Purification of XENONNT g, NS L8250 2122

v Electronegative impurities (mainly 0, and H,0) induce a z dependence on the size of S2

v" In addition, they can absorb the xenon scintillation photons leading to a worse S1 light collection efficiency

v" Improved the inherited gas purification line (high-temperature rare-gas purifier) and installed new liquid purification line
(two filters: SAES St707 getter pills and Engelhard Q-5 filter)

v" Achieved electron lifetimes greater than 10 ms, greatly exceeding the TPC's maximum drift time of about 2 ms
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High Efficiency O_ Filter (High Rn)
Data (purity monitor) =
Model p—
10°F r

Electron Lifetime [us]
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10 // Cryogenic LXe Purification (2 LPM) -

GXe Purification (60 SLPM)

Giovanni Volta, TIPP2023, 7 Sep 2023

P (SO MES R [ YY) PTG VP [ TR R 1) [ TR VL G ([ S R Y S U T SO WAL W (TR T T (R VAN HESRS TN Sy

0 2 4 6 8 10 12 14 16 18 20
09/15 Time [d]



http://www.saespuregas.com/Library/specifications-brochures/s110-233_a_521.pdf
https://www.saesgetters.com/sites/default/files/St%20707%20Pills%20%26%20Pieces_0.pdf
https://catalysts.basf.com/products/cu-0226-s-1
https://link.springer.com/article/10.1140/epjc/s10052-022-10832-w
https://link.springer.com/article/10.1140/epjc/s10052-022-10832-w
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.161805

..... Eur. Phys. J. C 77, 275 (2017)

---------
ooooooooooo

s PTEP Vol 2022, | 5, May 2022
EHE X E N O N d I Stl | | at I 0 n Eur(.)ths. J.s(stu;7. 35?3‘(,2017)

-----------
---------

..... Eur. Phys. J.C 82, 110 (2022)

XENON
v" Background mitigation through cryogenic distillation of the xenon
v" Ar/Kr distillation performed before the science run data acquisition Conlcajz;ser —-
?%% _ _ _ Radon-depleted
=22 v "aKrconcentration achieved: (56 + 36) ppq, (660 + 110) ppq in XENON1T offgas
=
%i// v" Novel online distillation column to separate Rn from Xe thanks to its lower vapor pressure Z
v" Online gas-mode Radon distillation, x10 reduction with respect to XENON1T(~12 uBq/kg) E
A
% e
X S Reboiler
S
- if'w H*HH Wl u S
o © 1
) Ly +“H+* o“ {H*JH{
g 1- fit
© + 222 Rn a-decay best fit equilibrium: (1.72 £ 0.03) uBg/kg

0 10 20 30 40 50
10/15 days since distillation start (intermediate mode)


https://link.springer.com/article/10.1140/epjc/s10052-017-4757-1
https://academic.oup.com/ptep/article/2022/5/053H01/6575910
https://epjc.epj.org/articles/epjc/abs/2017/06/10052_2017_Article_4902/10052_2017_Article_4902.html
https://arxiv.org/abs/2205.11492

JINST 18 P07054

DAQ and software

Open-source software

XENON

. . rax straxen
v rl isition st
T”gge €ss data acquis tio Streaming analysis for xenon experiments Streaming analysis for XENON(nT)
5 . e ere . ithub.com/AxFoundation/strax ithub.com/XENONNT/straxen
-2 v Dual gain digitization for top PMT array ¢ ¢
i . I XeDocs WES i
égé v Online processing and live mOﬂltOflng XENON metadata management tool The XENON waveform simulator
EE. github.com/XENONNT/xedocs github.com/XENONNT/wfsim
7 v zenodo.org/record/7945375
Y
//,|7

WIS e &, A8
e

Giovanni Volta, TIPP2023, 7 Sep 2023
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https://iopscience.iop.org/article/10.1088/1748-0221/18/07/P07054
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Slow Control system

v" Based on industrial process control hardware and software from General Electric

» Central failover SCADA, human interface, alarms, user authentication, Historian (5000
data points, ~1 Hz archiving)

v~ Controllers for each subsystem that can be operated autonomously via a touch screen if

necessary

v Web-based platform display of all variables and alarms and API interfaces to DAQ and

analysis systems
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Sub-systems
Digital & analog 10

RS232,

RS485

actuators

sensorls | [touch l I

Cryogenics
TPC
Purification

ReSToX

Muon Veto

Calibration,
Environment,
DAQ

Distillation

Radon
Column

Water
tank

remote
expert
. remote
passive
viewer
remote
passive
LNGS network viewer -
passive
viewer
@ LNGS
Mgmt DB
Alarm notifier INGS
Webspace
computer

Xenon shifter
above ground
control room

Historian Analysis| center
ROOT interface
Firewall/gateway

SC private back-end network

(we)

PAC

PAC

PAC

HV PS

PAC

PAC

PAC 4| touch '

| SCADA } ------- 1 SCADA |
SC private front-end network

The Cimplicity SCADA system

(Supervisory, Control and Data Acquisition),
the “Historian” data base and

Websapce for remote interaction

are software from General Electric.

Touch screen for each subsystem

PAC (Programmable Automation Controller)

10 processor for industrial environment
- may run PID control loops
Ethernet connection to SCADA and touch
screen for local human interface
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https://doi.org/10.1103/PhysRevLett.129.161804
https://doi.org/10.1103/PhysRevD.102.072004
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.041002
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.161805

Phys. Rev. Lett. 129, 161805 (2022)

Low-energy electronic-recoil analysis results
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.161805

Conclusion and prospects
v~ XENONNT was fully assembled in 2020/2021, and successfully commissioned

v First blinded (SR0) WIMP dark matter search with 1.1 tonne-year exposure
performed in 2021. More data have been acquired and are currently being
analyzed
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No evidence of new physics from SRO data
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’ Unprecedented low ER background of 16 events/(txyrxkeV)

ﬁ Better neutron tagging efficiency
<N Rt | with Gadolinium in the NV
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Schematic of the XENONNT experiment
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The dual-phase Time Projection Chamber

= >
Ey Inner vessel e i i
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Detector response characterization

v" Calibrate uniform S1 and S2 via data-driven correction v LXe NR response derived via 2*'AmBe calibration data fit
based on ™K calibration source

v" Light and charge yield monitoring using #™Kr and

background sources
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Detection and selection efficiency

v" Detection efficiency:
= Threshold driven by a 3-fold PMT coincidence for S1
> Simulation-driven: Full waveforms
- Data-driven: Bootstrapping from 83mKr and 37Ar S1
= Both processed with analysis framework

v Data quality selection evaluated using ER/NR calibration data -

v" ROI defined to fully contain WIMP spectra
= ¢S1 [0 pe, 100 pe]
= ¢S2 [102 pe, 10*7 pe]

v’ Total acceptance > 10 % between [3 keVy;, 60 keV ]

iciency

Eff

o
(o)

I
ho

0.0

S
'

Detection

Selection

Nuclear recoil energy [keVng]

80



WIMP search fiducial volume

B ER I Wall Neutron M AC WIMP B ER I Wall Neutron M AC 0 WIMP
60

=
=]
=Y/
= 3
Zz
v
oz
Z g
S
5
xR

M
\\\\\

@ €@© M HEIDELBERG
AW

25+ "

40 %
20 50

™ E. 0 E —75 a

S s N - i LR

o ~20 —1ooF# & " RN R

% . e i ’

= - . ’ o -

S —40 —125F AT S

E @ L e

z —60F . L — 150 freme—— =}

£ —~60-40-20 0 20 40 60 020 30 40 50 63

= X [cm] R [cm]

&%



Energy calibration

XENON
x>-fit HH Low energy lines
+1¢ +¢ High energy lines (excluded)
5 800 I +20
E X > .
222 & AT PR
Z :%: I §. 28keV @«i 8 \&4% o
<Z<§ = & 600 B "\»\'“’f\, &b qyy- QQ.) " P
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%:/!/7 % ~ “\1‘;& fi@%:@ Preliminary
N/ g aoor W
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M 25F
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Light Yield [PE/keV]

studying the anti-correlation between S1 and
different mono-energetic calibration sources

Giovanni Volta, TIPP2023, 7 Sep 2023

v" Energy scale important to forward fold WIMP
into ¢S1 and ¢S2 (: Er = Eer X fauenching )

v" The g1 and g2 are detector parameters obtained by

S2 using

spectrum
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