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L Xe dual-phase TPC pringciples

time S1 light signal:
» prompt scintillation photons

S2 charge signal:

» secondary scintillation photons from
electroluminescence in GXe due to drifted electrons

drift time
(depth)

) 3D vertex reconstruction:

---------- . » X,Y: S2 hit pattern
» Z:drift time S2-S1

104 T T T

Electronic Recoil (ER)

NR (Nuclear Recoils) ER (Electronic Recoils)
WIMP signal, neutrons, CEVNs v, B backgrounds

Discrimination from S2/S1 iR
Larger for ER than NR 1073 10 60 80 100
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2005-2007 2008-2016 2012-2018 2020-2025 2027
15 kg 161 kg 3200 kg 8400 kg 50 tonnes
15 cm 30 cm 26 cm 150 em 260 cm



Past;

e xeNoN1o  {@ XENON100

B 15 kg 62 kg 2.0t 5.9 t “ 40t

Future

Active mass

-q\,,- ~1000 5.3 0.2 *0.04 *0.01 (tdkeV)
Background

© 4.5x1044 1.1x10-45 *1.4x10-48 *~1040  cm?
Sensitivity

LUXI LZ‘

LOX -

2013 2016 ~2020 ~2021
250 kg 580 kg ~7 1 41

2.6 0.8 *0.04 *0.05
2.2x10-46 2.2x10-46 * 1.6x10-48 * Gx10-48

THE OTHER
L Xe TPCs




Bgilcilgig,; dcaly
BEINvu asy DHAB;

s Uy
S

S 2N
Sus %

. ‘&e
Stockholm
Umversxty

@ Rensselaer




WIMP DARK MATTER

LIGHT BOSONIC
DARK MATTER DARK MATTER

SOLAR AXIONS

DOUBLE
ELECTRON CAPTURE

NEUTRINO

arXiv:2205.04158 MAGNETIC MOMENT

Ovbb DECAY

(analysis R&D)

TECHNICAL ANALYSIS PAPERS
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WORLD LEADING CONSTRAINTS ON WIMP-NUCLEON INTERACTION
For WIMP masses in the range [0.1, 2) - (3, 1000] GeV/c2

1 tonne-year

Total exposure for the main WIMP search
1.3 t fiducial LXe mass
278.8 live days (Nov 2016 — Feb 2018)

Dark Matter Search Results from a One Ton-Year Exposure of
XENON1T, PRL 121, 111302
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Dark matter particle mass [GeV/c?]

a 4.1%x1047 cm2 @ 30 GeV/c2 WIMP mass

...until Panda-X and LZ non-blinded analyses
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XENONIT ER/NR discrimination

Marco Selvidl selvi@ba.ntn.it

Detector with: B ER M Surface ™ Neutron B AC B WIMP
8000

Low background: /6 + J events/t/yr/keV 4000

Low threshold: ~5 keVnr 2000

1000
Large exposure (mass, livetime): | tonne x year

CSZb [PE]

400 H

Combination of S| and S2 signals allow:

200
Position reconstruction

03 10 20 30 40 50 60 70

| cS1 [PE]
Energy reconstruction

Most stringent result on WIMP Dark Matter

ER/NR discrimination down to 3 GeV/c2 masses
[PRL 121, 111302 +PRL 123,251801]
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XENONIT ER/NR discrimination

Marco Selvidl selvi@ba.ntn.it

- Il ER B Surf " Neut I AC B WIMP
Detector with: urface eutron

8000
50 60

W
)
<
Z
py
A
S

Low background: 76 + 2 events/t/yr/keV 4000

I/ T VITI

2000

Low threshold: | keVee

Large exposure (mass, livetime): | tonne x year

CSZb[PEJ
o
S

100>
Combination of S| and S2 signals allow: |
200

Position reconstruction

03 10 20 30 40 50 60 70
cS1 [PE]

Energy reconstruction

ER/NR discrimination Now use ultra-low ER background to
search for excesses in ER band.
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10* 7 S S ne— p . . l NEW PHYSICS OR UNEXPECTED BACKGROUND? Solar axions + (unconstrained) 3H fit
. 85Ky — 136Xe 131my ¢
- Materials 133?(9 — Tota)1< ! ! ! ! !
10% F— solarv gy ke I data 3.20¢ TRITIUM BACKGROUND 140 - —— Hp: Bo+°H  «eeee ABC axion 7
- — H. ion eeees 57 i
> \ = Fitted concentration: (6.2+2.0) x 10-25 mol/mol 3H/Xe 120k Hy: Bo +°H + axion Feaxion
i 102 g e gratl o Bamii 2 =We don’t expect that much 3H from liquid purity -_ E“makOff axion
o A B — = Very difficult to confirm or exclude such a tiny abundance Eg 100 H -
< | .
= 101§ = 80 .
: - = E3S SN AN R
2 — 3.4c SOLAR AXIONS S 60 [I71] l [ 1° [
10° > Non-null coupling to electrons - ABC and/or Primakoff % [
& Strong tension with astrophysical constraints 40 [ |
101 ! l l l l Axions+3H favoured over 3H-only at 2.1 ¢ 20 {%} _
0 25 50 75 100 125 150 175 200
Energy [keV] 0 o .
15 25 30
~ 3.20¢ NEUTRINO MAGNETIC MOMENT 7 Energy [keV]
140 | ‘ ' ' ‘ V epu =[1.4,29] x 101 pug
100 F - & p,> 1015 would imply neutrinos to be Majorana fermions 12F I 214Ph. 1 Bq/kg (XENONAT goal) | | ]
= iz Tension with astrophysical constraints P Crb3wBalg
8 80 L ’ l ] ’ l ] I | 10F Pb: 5 pBg/kg (achieved in SR2) -
%, l 1 [ L1 L] - 1T 14 I l 3.0c BOSONIC DARK MATTER
- . | I -
= 60 |- 1 1 ‘ l | l [ l 1 ‘ \ ‘ ] r @ & Including pseudo-scalar (ALPS) and vector (dark photons) o 8r i
= ] bosons £
S 40 I 7 »& Most restrictive constraints to date set o 6} .
iz - )
20 |- B, . >
() - - - - LT-.l 4: [ 7
[ SRI1 data == 37Ar would be removed by the online Kr distillation.
0 | | | | | The necessary air leak to explain the excess is > 13 I/
2k - year, while the upper limit from other contaminants (Kt, 2F L - S .
> | i Rn) is 0.9 I/year Axion vs Tritium discrimination in nT
| v | : 1[_ - - I_ - O ] ] ] ] ]
0 : 0 5 20 25 301 https:/arxiv.org/pdf/2112.12231.pdf 1 2 3 4 >
Energy [keV] Progress of Theoretical and Experimental Physics, Volume 2022, Issue 5, May 2022, 053H01 Exposure [t-y]
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Low energy [3-decay with Q-value of 8.6 keV

Long half-life of 2.3 years

Atmospherically abundant and cosmogenically
produced In xenon

Removed by the continuous gas purification

Best fit: (159 £ 51) events/keV/t/yr

1 3
(6.2 +2.0)- 102 Mot Less than three 3H atoms

mol per kg Xe

Events/(t-y-keV)

140

120

100

30

60

40

20

— —— Hpg: By 3H
— Hi: Bp+3H O i
F...-m.__ ________
l l ! | I
0 5 10 15 20 2D 30

Energy [keV]

Tritium favored over background

at 3.20
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Any 3H In Xe would be
removed prior to filling

3H could be contained
within detector
materials as HT (H>)
and HTO (HO)

Could be emanated
from materials In
equilibrium with online
removal?

VWould require 60 - 120 ppb as

the combined H,O + H,
concentration in Xe

O(1) ppb from light yiela
measurement

H-

Not constrained by
measurement, but O, equivalent

concentration < ppb from Xe
DUty

100 x higher emanation rate
needed than for electronegative
impurrties
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Inner region of
existing muon veto
optically separate
120 additional PMTs
Gd in the water tank
0.5 % Gd2(SO4)3

Total 8.4 1 LXe
591tin TPC

~ 4 t fiducial

248 — 494 PMTs

distillation

Reduce Rn (214Pb) from
. pipes, cables,

By B = cryogenic system
_;,;;gu---m‘ll ~ M New system,

i BS B | PoP in XENONAT
et

purification
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i,

| . |
/w30 |

Faster xenon cleaning
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March 2020
- installation of the TPC underground at LNGS,
a few days before the first COVID19 lock-down

July-October 2020

Installation of the nVeto =

Filling of the cryostat with LXe (T _
December 2020 . W.

Water Tank closed and filled with demi water ;:
January-June 2021 S T

Commissioning, commissioning, commissioning...  * d , ' L: '@f'
July-November 2021 i i W ':j

Science Run 0 T 3

- |

in 2022
Refurbishment of Rn Distillation Column
Start of Science Run 1, ongoing ...
In parallel: Commissioning
of the GdWater purification plant
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our spokesperson Elena Aprile (2 months !)
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XENONNJI performances: JPC 0

Marco Selvidl selvi@ba.infn.it

PMTs: almost all of the 494 PMTs are working very well, apart from 17.
Single PhotoElectron acceptance > 90%.

Outer vessel

Inner vessel

Diving bell

Outer vessel flange

Top PMT array

Top electrode frames

HV feedthrough

________

@ 406 @@
@
%% @%

Guard rings

Field shaping wires

Single photoelectron
acceptance at 15 ADC [%]

@ @
Blocking and sliding @ < @ S @@
reflectors g@g@@g@g g@g
Bottom PMT array @@

576N —-60 86

Bottom electrode frames
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XENONNJI performances: JPC o

Marco Selvidl selvi@ba.infn.it

83mKyr calibration
= XENON data is

acquired at | MainI S1 | | | Malin SZI | | S%;:L)p |
. SN B e L TIPS s S I
Outer vessel 100 MHz in : 1 10f ; 1 9F (69398530580,
“triggerless” 7 +OF I i ] 20F /Seg0Sese3050003\
I | de— individual £ . .| 15 08¢ i F F R0262086002020%¢5\ |
nner vesse mode— individual 5, | g | | 20 (69626226200 o 8o 0%
channels areread = "} Eo6l i 18 [BesaseseSesecetoscy
Diving bell out any time they £ 1.0} =z 0 | 1o leethiesescoesssescd:
th a | 18 04f l 17 —20fgedesesos000000006H
Cross e Q - 19 [ i ] - 2228995240530 Cq/ |
Outer vessel flange threshold g UoF I5 0.2 | 1 -40f \Qedesesesesesss -
0.0F : ] 0.0 : anl 1 -eof 3 @%%@Qm ‘! !
Top PMT array = The data is o e £ =5 8 = =@ 50 0 50
Q Q <f e Yol S S
X
Top electrode frames reconstructed & @ 2 2 2 3 Lom]
and processed v i S
with the open- Time since run start [sec] HT' -, - tH £ -~ |
HV feedthrough source L |1m-e Sy I‘1|H1-S & SeCI — T T T T 1
Strax+Straxen — 100|
. framework g "K' event S
Guard rimgs E cS1, =263 PE, cS1, = 66 PE sieiiiiiit cS2=8838 PE,Z=-103 cm
= 2+ orders of = . Sadastanes
. : . magnitude faster & " | XENON
Field shaping wires than its XENON1T £ Preliminary
. lidi predecessors
Blocking and sliding 10° 13882200  13.882400  13.882600  13.882800  13.883 000  13.883200  13.863 100
reflectors Time since run start [sec]

Bottom PMT array

Bottom electrode frames

Check out Straxen at

The XENON1T Data Acquisition System

JINST 14 (2019) 07, P0O7016

ithub.com/XENONNT/straxen
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https://github.com/XENONnT/straxen
https://doi.org/10.1088/1748-0221/14/07/P07016
https://inspirehep.net/literature/1737813

XENONNJI performances: JPC 9

Marco Selvidl selvi@ba.infn.it

Issue with the electric field:
After an initial phase where we could raise the Electric drift

Outer vessel field up to 100 V/cm (it was 80 V/cm in XENON1T), we
[nner vessel observed a short between the cathode and the bottom
Diving bell screen electrode.
Outer vessel flange Top PMTs Steps:
rop FMT array € extraction TS, _ _ _ _46mm | checked the ER/NR
Top electrode frames 2.9 kV/icm Anode 24 mm discrimination with AmBe
HV feedthrough _Ga_te_ = 8_m"l — , ,
} performed a first science
Guard rings 1510 mm | Iﬁn,ﬂreldicated to Sézquutiny
________ e OW energy
Cathode r
Field shaping wires Edriff = — = = = = = 56 mm #_ excess, and to WIMP
BS 4 mm search
}
Blocking and sliding 23 V/iem
reflectors Bottom PMTs

new set of electrodes

Bottom PMT array under construction

Since then, we can apply at

Bottom electrode frames most 23 VV/cm in the TPC. iIn 2023, dismount and
open the detector for

Higher light yield, but worst electrode replacement

| I performances with S2. (~8-9 months needed)
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XENONNJI performances: JPC 73

Marco Selvidl selvi@ba.infn.it

Ty

Outer vessel 37Ar calibration @23 V/cm 83mKr calibration @23 V/cm
Inner vessel
— 1.0 1
Diving bell Events/bin - x 41.5 keV :
10° 10! ‘ = 05k 1. &
Outer vessel flange B 7 |t e E Lo 32.1 keV 5
Top PMT e W - 3 ey L = ——+—+—— e
op atidy 15<0/nd<08 % XENON 5 I :
2750 . . L o o
Top electrode frames Preliminary 17500 F T -
2500 : : :
HV feedthrough i 15000 [ S d :
3 : :
3 2000 = s o
Guard rings g 12500 F ‘.
E 1750 — E B :
. . . O Q_. S o
Field shaping wires - u = 10000 .
n : i
Blocking and sliding 1250 O 500k b
reflectors - :
1000 B o
Bottom PMT array c B 5000 .
esoo 0.75 gc) B o i
- 050 8 B 1 :
Bottom electrode frames g 025 & 2500 A g 5
% 10 210 30 w0 ! ' o I "
Uncorrected S1 [PE] o) ET PRI R L P PR o 1o ) T i norid DRPOPT TR
) 0 100 200 300 400 500 0.5 1.0
| | cS1[PE] Rate [A.U.]
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« 220Rn calibration, homogenously distributed in the LXe volume, gives low-energy electronic recoil

events to characterize the detector response

4000
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3000
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XENONnRT performances: Cryogenics &Purification E

Marco Selvidl selvi@ba.infn.it

Magnetically-coupl iIston_pum —I' do fication f

et essaleatons (538 purification Liquid purification = mutiome senondetectors
« Magnetically coupled piston pumps « Novel liquid-phase purification system powered by

» Stable performance with a flow of 100 slpm and |  CTYOYENIC pumps
compression of 1.5 bar « Copper-impregnated spheres (Q5) for intense
ourification and ST707 pills filter for data taking

neriod

Alternate polarity
permanent neodymium

monolithic Tl A
. bar magnets Pt i W USSR RRRRRARR RRRRY
stainless-steel o = | igRRRTALARAAARE
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XENONRT performances: Cryogenics &Purification 5,

Marco Selvidl selvi@ba.ntn.it

104-...,...,...,...............,.. 30— iit — :
: : - - - = gt |
High Efficiency O, Filter (High Rn) g ig i g2 E
Data (purity monitor) = g cliE gy g
Model — 251 XENON e 28 8
7 Preliminary 4=3 : 8 ® : 8 3. 3
= 515 " s 2
— 1 15e @
g a 20r o0 lnio 0
S 10°F E ! \ o
2 = Parameters g . | +| | \ |
) - LXe mass: 8620 kg = ! + *" | + L |
8 O, outgassing: 0.11 mg/d e 15 i } ﬁ# ++ + 'f h *
o Filter efficiency: 100% g + h o M‘ﬂ” * H + i 7{
— i i i
. N ERECS S e A
GXe P‘“‘ﬁ“‘mm‘y ........ < 10 f‘ / :’y | I‘{o 1
e ; ! i’ i é wﬁf
102 = Cryogenic LXe Purification (2 LPM) -; )/ : Il: ‘ ’ !
: GXe Purification (60 SLPM) : 5 1] ||
T S T Vo ¢ 222Rn Purity Monitor, 68% quantile | i
0 2 4 6 8 10 12 14 16 18 20 - 4 gngr — —- Fitted line |
Time [d] , % iq - | | _bE
\S I\ ® e AO AN AV
2 S S 2P S\ S 2
Time [UTC]
XENON 1 T electrons
Full TPC electron  _ = iioo 3 full
. drifttime lifetime drift | ngth
» 0.6 msin SR1 o
(0.9 X At max) B ... T o e High-flux purification (around 350 kg/h)
> 1 ms after pump e Electron lifetime from 100 s to 5 ms within 5 days (0.65 ms in XENONIT)

upgrade in SR2
(1.4 X At max)

XENONRT | 22ms | 10tms 86 %@15ms e e-lifetime during SRO > 10 ms
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Thorium

Expectation from radon emanation (J. Palacio T45.5)
and radon removal system parameters

Key performance parameter

> liquid xenon inlet and outlet o - —
> flow of 0.4 I/min LXe = 200 SLPM = 70 kg/h : e
. . . e
» radon reduction of factor 2 for sources within detector -
» further reduction by gas extraction from cryogenics 2,]
Basic removal concept proven: EPJ C77 (2017) 358, arXiv:2009.13981 ‘%3
g2
o 1-:
o. ...................
Dedicated Rn cryogenic ’ ’ 0

distillation column

222Rn level (goal)
In XENON1T was
13 yBqg/kg (science run)
4.5 uBg/kg (latest R&D run)
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XENONRT performances: Rnand Kr/Ar distillation 5
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. ) . Design, construction and cpmmissioning A'pp'lica.tion and modeling of an online . . .
Radon distillation ., et iecee et e areonen Krypton distillation
 Novel distillation column to separate Rn from Xe in « Kr/Ar distillation based on their higher vapor
the gas phase thanks to its lower vapor pressure oressure compared to Xe at -96 °C (goal 100 ppq)

* 1.7 pBa/kg 4**Rn achieved, expected further e Inherited from XENON1T
reduction to reach XENONNT goal of 1 pyBa/kg —

rate [uBqg/kg]

{ — fit
{  222Rn a-decay

best fit equilibrium: (1.72 + 0.03) uBa/kg

norm. res. [O]

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

M. Murra, D. Schulte, C. Huhmann, C. Weinheimer

e-print: arXiv:2205.11492 [physics.ins-det]
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Tagging Efficiency

U i PURDUE
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i Pl
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P A3 1O

Gd-loaded Water: 0.2% of Gd in mass
-> 3.4 t of Gd-sulphate-octahydrate;

XENONNT nVeto

(technology from EGADS-SK colleagues)

Cerenkov light is seen by additional 120 8”
PMTs placed in water around the cryostat;

high-reflectivity foil to confine an inner nVeto
region with high light collection efficiency.
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N-fold coincidence

Density

- Bin wise background subtracted
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Neutron tagging efficiency:
85% predicted with 0.2% Gd,
68% measured in SRO with pure water
(requiring a threshold of 5 pe)
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Credits:
E. Sacct_ng:cti
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https://www.nature.com/articles/d41586-020-02741-3
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» ; = / ’ '.:..?;
Mixing Tank Skid 2 (NanoFilters)| Skid 1 (UltraFilters) aA.

SRO has been performed with pure water only.
GdWater purification plant currently under commissioning in HallB @LNGS, to be ready for Gd insertion next year.
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AmBe data
83mK data
SRO data
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971 days exposure from
July 6th-Nov 11th 2021

Rn column in gas-only
mode

All but 17 PMTs working,
gain stable at 3%

23 V/cm drift field,
Extraction Field in LXe
2.9 kV/cm

Localised high single-
electron emission
occurring seemingly at
random, anode ramped
down
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XENONNT: corrections and efficiency

VA |

X |

6 S2 corrected for depth

- —

S s5E cS2: also corrected for i

< | inhomogeneous response |

o AF :
< [
N
5 2F

1F :

O: _— | T Nt ;

0 5000 10000 15000 20000

S2[PE]

The SRO analysis effort covers

Peak and event
reconstruction,

“corrections”—

compensating for detector

responses to give good
estimators

Data quality validation, cuts

against backgrounds

Backgrounds models

Detector response modelling

Inference

At threshold, S1s may consist
of only a handful of photons,

while we require 3 coincident
hits.

Estimated with detailed
“waveform simulation” and a
data-driven approach drawing
subsamples of photon hits to
make up a pulse

In both cases, given to the
reconstruction chain to
characterise efficiency:
probability to reconstruct a
peak

Waveform simulation used for
this analysis, data-driven for
validation— include an
uncertainty band that covers
the difference between these
methods.

S1 Detection Efficiency

Marco Selvidl selvi@ba.ntn.it
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83mKyr Rn and Ar calibration in
STAr and 220Rn reconstructed eneray
83mKr is injected every 14 60 A
days I ' 14000
y 50 37 Ar { i
5 low] H At low energy, we have two - ™| . I I l l 13000 &
( chays 15 é)%N ﬁ/) ?2%&'3( Lt ER calibration sources: B a0} 1 } J[ H H l { 1 l _ 8
A A SRR e
uniformly in the detector, 2500} 37 Ar, which gives mono- g %0 FL ]l ' l l 1799 g
used to compute: R T TR Y energetic 2.82 keVpeak 207 } | {1000
the 1 liaht loct cS1[PE] Rate [AU] used to anchor the low- 10 | II{] .'? 3 220Rn
e 51 light collection o energy response and i . | ,
efficiency as function of — Fiducial Volume L3 resolution models with % ’ S — —1°
Q) 1 1 1 1
The S2 light collection ~20 12k 22pp from 2'Rngivesa  Eneylew)
efficiency as function of 5 roudhlv flat S-sbectrum
horizontal position _ —40 . = to egsti|¥1ate futp 104 —— -ER -A<]3 . Wall
The position 5 60 i acceptances and also v, e e
] ) ] = i~ validates our threshold. B SR R
reconstruction distortion N Pre“min a ry 110 % "XENON it
induced by our field ;g —-80 E Also used to define — PRELIRARY
© our blinding region : e
Validated COMSOL field A _100f 0.9 £ 9reg =
simulation using observed = % . Bl 220Rn calibration
a3mKr signal ratio 120} 5 | d incst,os2
S(32.1 keV)/S(9.4 keV) 08 & I S -
~140F a o ® 3 %3 © e
! ! 1 0.7 Beh_olw band; wall ancli_AC evqr‘ﬁts
0 30 40 50 60 65 ' ' ' '

LUX describing the field method: Phys. Rev. 0 20 40 00 80 100

:32 3167,)112009 Radius r [cm] cS1 [PE]
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XENONNT: energy scale 36

Marco Selvidl selvi@ba.infn.it

y2-fit H+ Low energy lines RTTII - 104
20| *lo ¥ High energy lines (excluded) Py Rare signal (124Xe) SR1, (171.2 days)
. RRE S M - -
For ER sources, the entire 7 . “giisisidises becomes a validation tool 10
deposited energy goes to = % kv $& o &a HHE >
obse:vable light and charge G 600F 'wﬁ@‘-"%,,;»f,,;.»“’ XENON XENONMT first observed the 2
quanta: < . } S 102
E = 13.7eV X (CSl/gl + Csz/gz) =t Preliminary d.OUble 9|eCtI‘OI112C4Iapture = 10° & N l'__“ : ety
< 400 signature from '“*Xe— longest = | P
Mono-energetic peaks with | g half-life directly detected =R AN
energies relevant to our ER search 200 gl =(0.151 £0.001)PE/ph : 163.9 keV g ————:;,{»‘r-’nl-’—,i To----———e
(1 — 140 keV). %' g2 = (16.5+0.6)PE/e” 236.2 kev ke In XENONNT, appears as a = Sl e SSSSISICITT
3T Ar < : — very clear peak over the |
=t lower background, with a rate
83ImK ¢ E compatible with previous
1 = measurements, left free in
"Xe ke L, [pe/keV] background.
131m)<e
s s DEC used to cross-check g1/
10.5 :
The observed bias in energies from N B T T A g2 fit
our reconstruction, between 1-2% _ g memes o emmemmme e smess s wwwm——— -]
is included in the modelling. S B B e s Y s . '
= XENON __
We monitor the stability of the light & L Preliminary ]
and charge yield over SI}‘?2 using ol _'
the calibration sources, “““Rn as e AR . o e e TR i ;
and material s | , , , , | | , & -
6.5 'J ]
450 | . - . = JE * ]
— N . . . -
= | 455 % '
§ 350 [ XENON AQy =19% 1 50§ 20l ;
=) e E Preliminary s
stof-‘m—-&“-W'- “-‘.‘.-.”‘-”'4.56 IR RN SR SR
me=e L 5 L - T?ECEC — (1.15+0.13... £0.14_,) X 10%?yr 90 02 04 06 08 10
150 1/2 stat sys y _
20211-06 202l1-07 202I1-08 202|1-09 202;-10 202|1-11 202|1-12 DEC rate/ nomlnal
Date (UTC)

XENON1T observation of Double-Weak Decays

of 124Xe and 136Xe, arXiv:2205.04158
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DATA QUALITY GUTS

= Events are required to pass
a range of quality cuts:

= The $1 and S2 peak
should each have
patterns, top/bottom
ratios etc. consistent
with real events

= An S2 width consistent
with the expected
diffusion

= An S2 over 500 PE

= Not within < 300 ns of a
neutron veto event

= Events must be within ER
band

= Fiducial volume cut selects
a mass of (4.37 £ 0.14) tonnes
with low backgrounds

Efficiency
(@) (@)
IS o

0

L R R ey
-20 e &

Z [cm]

E‘.: :'..' ...o.‘ '... ‘:.:'.."..' . o. :g' - “:.. .::'Iﬁ.
_100 ':...... .'.-. ..'M'..' ., :o ':. ..-. .l.:’ h, S
_ 1 20 < .’:;*.‘..-' - l;.’." ..- :.:.::'.. .

Le o %et e . P\ .,

_140 Bl et b e

—-160

1 10 102
Energy [keV]

Threshold

Detection

i Selection

Average total cut
acceptance: 86%

ER data o Data outside FV

ER data<10 keV

e I L

=40 F

60 s i S e
‘:‘\'.. oy 'f kX 3

_80 [ i ghiin B
J . s ~

0 20

30 4 50 63

XENONNT: data quality, cuts

N
o

w
o
Events/(t y keV)

Marco Selvidl selvi@ba.infn.it
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XENONNRT: Measures to prevent and control3H 38
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= XENONNT went through significant efforts —— Total ——— 136xg --- Materials _——— 83myp
to reduce possible sources of a low-energy
excess as due to Tritium -—- 2lPpp ---Solar v -==AC 1. 1ED

85 g i [/
= About three months of outgassing, and Kr Xe
purification of gaseous xenon with Zr ———
getters and 3 weeks of gaseous xenon
cleaning reduces possible hydrogen
contamination

- 1344444 3443
00 eee oooe
ooooo eseoe
scee o
eee o o
e sos o

esooe

L4

I
o

= Every time GXe or LXe was filled into the
cryostat, it was always purified through the
getters.

W
-

= The most powerful purification in LXe
mode makes also tritium removal more
effective

N
-

Tritium-enhanced data (TED)

Events/(t y keV)

sideband data used to look for 3H
bypassing getters

e
()

= Bypassing getters in the purification loop
would increase the equilibrium hydrogen
concentration in the detector

15

= large uncertainty but a best-estimate of CES [keV]
several orders of magnitude, and a very
conservative estimate of x10

O
!
|
\
1

A
\
:
r"
r
.
I
!

-
o k-
ot
-

= 14.3 days was taken after the main science

run to give an extra handle on a possible No 3H_ excess i_n this side-band
excess (outside the blinded SRO data)
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XENONRT: Backgrounds 30
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—— By . G ---- Materials ---- '"Xe

---- 2MPhH  ---- Solarv ---- AC I SRoO
SKr  —--- 124Xe - 8ImKy

102

. BO . 214Pb o 136Xe . 124Xe - 83mKI‘

10
{ Data ®Kr - Solarv -— Materials — 3*Xe

e Number of
/ events in S{pEa
N N < 10 keV

_|‘._ R P F _-_-:I-A---—----.-_I-_—_::‘_'_'_'_I'_________-_-_-_ ER band

Events/(t y keV)

2nd order weak
processes dominating
spectral shape!

o
NON

60 80 100 120 140
Energy [keV]

Materials

The low-energy ER spectrum is dominated by 214Pb at the
very lowest energy, plus contributions for materials, 136Xe

and solar neutrinos.
Solar
neutrino

124X e

External constraints are included for

85Kr, 2 X 107! of (56 + 36) ppq using RGMS

Events/(t-y-keV)

material ys, (2.1 = 0.4) events/(t X yr X keV) from
GEANT4 and screening measurements

Accidental

136Xe from RGA and 7, ,, measurements, with a shape |[FTaleile [ alol
uncertainty

solar neutrinos have a 10% rate uncertainty given the
Borexino measurements of the flux.

AC is constrained from its data-driven model

0 20 40 60 30 100 120 140
Energy [keV]
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XENONNT: the low-energy ER spectrum 40
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Zoom in the low-energy region Direct comparison with the XENON1T results
25 . - 120 — T
— B, . i
15} | 80 F { H l { [-
' - [ T71.
. llll\ T

Events/(t-y-keV)

Events/(t-y-keV)
@)
(-
|

N
-
] ] ] I ] ] ]
. —

NR Still Blinded | (Peak is DEC)

0| I I
2 F ° ° ° e

S I I
7k °

0 5 10 15 20 25 30 0 III5IIIIlOIIII15IIII20IIII25IIII30
Energy [keV] Energy [keV]
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XENONNRNT: new limits on various channels 4]
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Key conclusions Limits on ALPs and Dark sector

(0.65 tonne-years) " Fxray and gammaray

on lifetime a - yy

~ X 2 XENON1T ER search

\

ALP lifetime ©

\

(Tacsyy < 138Gyr)\ ) o f ]
d \\ C)Q’@ E ’ i 10712

10—11

CDEX-1B
10-12 F

';' y _;,10—13
~ X (0.2 XENON1T §

XENONIT

(S2-only) ’
10—13

~
S

gae

E 10714 &

~o
~
~
~
~
~o
~

\\
\\
~

O
W’

|/ " XENONIT ™. -
" 3 E (S2-only) {1071

XENONNT rejects a XENON1T-size _ : ]
_ XENONNT |[ XENONNT ]-16

peak at 8.60 107 3 (This work) |f (This work)

Ll | ~ P | , P | - -1
102 1 10 , 102 107
my [keV/c4]
Measurements
incompatible at ~do = A search for a peak from axion-like particles or dark photons sees no significant excess,

but places new stringent limits between 1-140 keV

= Since the 83mKr rate is left unconstrained, we do not place limits at 41.5 keV

Most likely explanation of XENON1T excess is a small 3H contamination.
XENONNT, taking steps to reduce tritium outgassing sees no excess
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XENONNRNT: new limits on various channels
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Limits on Solar Axions Limits on neutrino magnetic moment

10_7 _ 10—10
: o e P PandaX-IT
o = T XENON1T
1078 F P - o Borexino (S1S2)
I | I~ I _
- i XENONNT XENON1T
L 10 ; + (This work) (S2-only) _ -
3 T J10-1 &
é- 10-10 __CAST (mg < :10 meT;V) ® :?_
52 ‘EH ‘1\ ..........
= 3] ] T/ | ]
- T ig . h Globular
10_115’ £l EE T \ Cluster XENONDT 1
: . T (This work) |
- (a) Solar a?;_io-né: """"
10_12 -13 — 1 e I_12 ] —
10 lgae 10 10-12

= XENONNT is compatible with background-only and places new limits on the

= A magnetic moment is implied by neutrinos being massive— if new physics
axion-electron, y and nucleon couplings.

raises this magnetic moment, it may cause an enhanced neutrino scattering
rate

= Axion signal assumes axio-electric effect and reverse Primakoff effect;

described by g,.. ,,» 8un = Upper limitat 1, < 6.3 X 107125

= 90% upper limit on 57Fe solar axion component is 20.4 events/(t X yr)
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XENONNT key performances in SRO:
> 10 ms electron lifetime,

1.77 £ 0.01 uBg/kg radon concentration |

Blinded analysis of ER data

L AZN N\ VY

Excellent agreement with our background model.
Lowest ER background ever achieved in a DM
experiment: (16.1 = 0.3) events/(t X yr X keV)

'
.
-~ - e

I3 ':"'::‘.‘;_'%‘ : : he:
Wiz -

. p .‘: “. | ‘~ ¥
K jll,cll i
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No trace of 3H, even in the Tritium-enhanced run

Set new best limits on Solar Axions,  magnetic
moment, ALPs, ...

P
))))
‘‘‘‘

arXiv:2207.11330, submitted to PRL
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Matter Project @ Rensselaer
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The combined liquid+gas Rn removal will further
reduce the background level
(already measured <1 uBqg/kg in SR1)

Further analysis channels and deeper detector
knowledge
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Nuclear recoil data are still blinded
;___1 : ; ‘il

WIMP search results soon
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arXiv:2207.11330, submitted to PRL
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Dark Matter
A R&I’@ EVGIlt « Dark photons ' _ * Spin-independent

« Axion-like particles * Spin-dependent

Observatory « Planck mass : g \ ¢ Sub-GeV

X1.ZD Consortium

Leading Xenon Researchers unite Successful joint XLZD meeting
to build next-generation Dark June 27-29 at KIT

Matter Detector hetos/ ixlzd. oref
SURF is distributing this press release on behalf of the DARWIN and _u' 3.//X17G.0

LZ collaborations White paper !220302309!

July 20, 2021

®MDARWIN
LUX-ZEPLIN

—

* Inelastic

, \ NN it Neutrino Nature
* pp neutrinos /SIS '[[\ * Neutrinoless
« Solar ﬁﬁf SR ‘)  double beta
metallicity Tl or N e U decay
* "Be, 8B, hep Rt mtu . - = S e ] - Double electron
o9 O e P e - el G £ - Capture
* Magnetic
Moment

Supernova . P | . F \~ Cosmic Rays
« Early alert — 7 /DN e Y « Atmospheric
* Supernova neutrinos 7\ A » & neutrinos

« Multi-messenger astrophysics ’ Ny




b Y
X

" S
v AR T
e . B

.
A Bodleigigiia gy

s L \:'% n R ASY DHAB)

3 * Vr :\\-\‘\_ "n \
u f: -:1 ':«' R
g arec e ‘ -“_A 3 “ E >
£ quid” ﬂ R
bt R] XENON

Matter Project

R&D on Photosensors

and Electrodes Visualisation of DARWIN in Borexino WT
(jJust an option, so far)

T

AT ‘A‘illi-’_-_'




Direct Detection of by 20xx ? 48

Marco Selvicl selvi@ba.infn.it

=
<
B
IS
=
<
1]

1074 1072

=
<
N
(<))
=
<
]
o

10—12

=

<
B
o0

DarkSide-20k (100t-y)
=== PandaX-4T (6t-y)
D S— === XENONNT (20t-y) 10-13

S| WIMP-nucleon cross section [cm?]
S
|-}
<

S| WIMP-nucleon cross section [pb]

LZ (15t-y)
DARWIN(200t-y)
10—50 0—14
10° 101 102 103 10}

WIMP Mass [GeV/c?]


mailto:selvi@bo.infn.it

.\g.

1

T
L]
-
-
e
-y

X i‘ !C i
P .
| | s
l
B
2
2
¢
9
|
: & DARK MATTER v OURDETECTOR v COLLABORATION v SCIENCE v MEDIA CONTACTS
. General Information
.:Egggsffif:. Worldmap
:fgiéiszfffz Institutes
XENON Organization

Organization Test

Direct Search for Dark Matter with Liquid Xenon

Deep Underground at the Laboratori Nazionali del Gran
Sasso, Italy.
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Marco Selvi - INFN Bologna
First results on ER from XENONnT
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