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- = Light and Charge readout
® Prompt scintillation signal (S1)
® Secondary proportional scintillation signal

in GXe from drifted electrons (52)
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Event reconstruction
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Light and Charge readout

® Prompt scintillation signal (S1)
® Secondary proportional scintillation signal

‘ in GXe from drifted electrons (52)

.

| - Event reconstruction

GXe

52 ® 3D Position:

@ Z from drifttime
® (X, Y)from PMTs hit pattern

drift time ® Energy — E — W . (nph 2 ne)

Particle discrimination

N
B
- o Em - o . ..

® Interaction type Nuclear Recoil (NR)/Electronic
WG, — Recoil (ER) through $1/52 ratio

| Primary Goal is to search for direct detection
{ of WIMPs interaction... but can do much more! (2) s (SZ)
_ | - _ — . g S1
N ER
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Science Run 1 Highlights

® Radon suppression milestone: distillation with

222Rn Activity Concentration [pBq/kg]

Norm. Res.

combined gaseous and liquid xenon flow
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55y Be soy caslaion 2 Sclence Run 1 Highlights
- Total: ~340 day of raw exposure :
L. . ® Radon suppression milestone: distillation with
300 - gEtadis . SR1 6 combined gaseous and liquid xenon flow

® Stable detector response: achieving <0.3%
(1.1%) variation in Light and Charge Yields

® Excellent electron lifetime ~O(10) ms

@ Calibration plan follows SRO strategy with
three new features:

New ER calibration source: 222Rn (3) and

Raw exposure [days]
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0) | I | I I | I | I ® . .
S S T S New low-energy NR calibration source:
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Never measured in a DM direct detection experiment
Never measured in a xenon target
C E n N S Never measured from astrophysical source
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Boost sensitivity by lowering our energy threshold

® 8B eventrate in the conventional WIMP “3-fold analysis" (SR0O): ~1% detection efficiency = 0.2 events / (t x yr)

® Loweringour S1and S2 threshold = improve our expected event rate to 3.7(3.3) events / (t x yr) in SRO(1)
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Boost sensitivity by lowering our energy threshold

® 8B eventrate in the conventional WIMP “3-fold analysis" (SR0O): ~1% detection efficiency = 0.2 events / (t x yr)

® Loweringour S1and S2 threshold = improve our expected event rate to 3.7(3.3) events / (t x yr) in SRO(1)

Blinded Region of Interest 1 accoptance B CEUNS wio scosptance

S2 acceptance — 8B CEVNS w/ acceptance

- Combined acceptance

S$1 ROL: 2 or 3 hits ; A hit corresponds to a recorded photon by PMT+DAQ+software
S$2 ROI: [120 - 500] PE — Reject high rate of isolated S2 background signal

O
@)
g
—— S1 acceptance (2-fold) B,
----- S1 acceptance (3-fold) &
= 5B CEVNS spectrum (w/o efficiencies) = G2 spectrum = = S2 threshold <CCJ
30 /
— Conventional
= 25 —~ 0 :
| O n, WIMP threshold — ;
e — X 5  10%F
20 = e = =
et S X4 iV i
Qq — — .
42 15 D i . 10 2-fold (this search)
O ) S 3 T
> 10 < S = 1
o 2 2
D 1 L%’ 0.1
0 ! !

. O | |
2 3 4 O 100 200 300 400 500 0.5 1.0 1.5 2.0 2.5
Number of detected S1 hits S2 [PE] Nuclear recoil energy [keV]
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Not physically
correlated

® Accidental Coincidence (AC): Random pairing of isolated S1 and
isolated S2, whose exact origin is under investigation. Current culprit:
= |solated S1 signals: from pile-up induced single PMT hits,
misclassified single electrons,...
= |solated S2 signals: from few-electron pile-up events, notably S2

following high-energy interactions,... Time
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Accidental Coincidences Suppression: s

1- Time Shadow 1

Rate [A.U.]

® Use space/time correlation with previous high-energy interaction

= |solated S1 rate: 15 Hz = 2.3 Hz
= |solated S2 rate: 150 mHz = 25 mHz




Accidental Coincidences Suppression:

1- Time Shadow

® Use space/time correlation with previous high-energy interaction

= |solated S1 rate: 15 Hz = 2.3 Hz
= |solated S2 rate: 150 mHz = 25 mHz

Maxime Plerre

maxime.pierre@nikhef.nl
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0.4r

Rate [A.U.]

10~

10~

— Signal
— |solated S1

10~ 0.1 1 10
SZpre\v/Atprev [PE/DS]

2- Two Boosted Decision Tree (BDT)
® S1BDT: leverage S1 pulse shape and spatial

distribution across the PMT arrays.
® S2 BDT: checkthat S2 pulse shape correlated with

the diffusion of the drifting electron cloud law.

Expected # of AC events:
7.5+ 0.7 (SR0O)and 17.8 £ 1.0 (SR1)

0.025

0.000

0.0

= 0.075 F

0.050 f

m— Signal e AC

| | |
0.4 0.6 0.8 1.0

S1 BDT Score

|
0.2

Normalized Counts

m—— Signal seAC

10 Excluded
(AC Sideband)
1
0.1
10-2 |
. Reject about 90 % AC with
10-3 E_ 80 % signal acceptance
0.0 0.2 0. 0.6 0.8 1.0

S2 BDT Score
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Accidental Coincidences Suppression: —
0.4+
1- Time Shadow =
< 0.3
® Use space/time correlation with previous high-energy interaction 50'2
= |solated S1 rate: 15 Hz = 2.3 Hz
0.1
= |solated S2 rate: 150 mHz — 25 mHz
0050110201 1 10
S2 S S2 S2prev/Atprev [PE/ns]
.................................................................. Those 3 dimensions are used F st rseese"
2- Two Boosted Decision Tree (BDT) o — signal In the Inference h —ic
| W Excluded
® S1BDT: leverage S1 pulse shape and spatial 0150F (AC Sideband)
2 0125} 2
distribution across the PMT arrays. 3 2 ! \
'cJ 0.100 F Fﬁé
® S2 BDT: check that S2 pulse shape correlated with 5 0.075} - 8 01
E ©
the diffusion of the drifting electron cloud law. g U0r = 02f |
0.025 — z Reject about 90 % AC with
Expected # of AC events: 0,000 S tosp  BU 0 signalsccepiance |
00 02 04 06 08 1.0 00 02 o4 o8 08 10

7.5+0.7(SRO)and 17.8 £ 1.0 (SR1) S1 BDT Score S2 BDT Score
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YBe Fit —— NEST v2.3.5

oo

Constrain Yield Models: 7(3Y) +° Be — n +° Be

@ Greatagreement between data and model.

~

*))

= Background originating from Accidental Coincidences (AC) are

&)

modelled with data-driven simulation framework.
® Light(LY)and Charge Yields (CY) were extracted down to 0.5 keVnr at
XENONNT electric field of 23 V/cm with latest NEST parametrisation.

S

Light yield [ph- keV~1]

(N

® Yield model uncertainty leads to ~ 30% signal rate uncertainty.

Preliminary
1

oo

[ YBe Best Fit YBe NR Sim [—1YBe Best Fit YBe NR Sim
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NR energy [keVnR]
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200 300 400 ho0 = 600
# of hits in S1 cS2 [PE]
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® Use both science run to perform a blinded analysis, with 316.16 days of livetime and a fiducial mass of 4.0

(4.1) tonnes in SRO (SR1) leading to a total exposure of 3.51 t x yr
® Extended binned likelihood in 4D parameter space 3 x 3 x 3 x 3 = 81 bins (cS2, S2,ev/Atprev, ST BDT, S2 BDT)

--=- Median discovery significance
------ Pure counting (median)

48% to observe > 30 significance ™ Band containing 68 % & 95 % of toys

1.0
Component Expectation Best-fit 08
AC (SRO) 7.5 = 0.7 % |
Q
AC (SR1) 17.8 = 1.0 *g 0.6
ER 0.7 £ 0.7 E
s 0.4
Neutron 0.51'8% S
i »
2

Total background 26.4171°3

:

Observed

0 1 2 5 6
Discovery significance [0]




. 8B CEwNS search - Unblinding Maxime Plerre | ] S

..... GDR DUPhy 2024

® 8B neutrino flux: 4.63‘2 X 10° cm-2s-1 at 68% C.L. no tension with literature value

Background only hypothesis rejected 2 SNO, 2013
. . e 68 % C.L.
with 2.7 3¢ significance XENONIT 2021
Strong evidence of CEvNS Interaction
Component Expectation Best-fit —— XENONRT, 2024
68 % C.L. (This Work)
AC (SRO) 7.0 = 0.7 7.4 =+ 0.7
AC (SR1) 17.8 + 1.0 17.9 + 1.0 S
0.7 =
ER 0.7 £ 0.7 0.5 & B
Neutron 05t8§ 0.0 = 0.3 g 90% CL threshold
+1.4 L +
Total background 26.47 13 26.3 =+ 1.4 é 689% C1 threshold
ki
Observed 37 0 > 10 15 20

8B neutrino flux [10°% cm—2s71]
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® 8B neutrino flux: 4.63‘2 X 10° cm-2s-1 at 68% C.L. no tension with literature value
® With constrain from SNO flux = Measure the flux-weighted CEVNS cross section: l.lfg'g X 107 cm?
Background only hypothesis rejected 2 SNO, 2013
. e 68 % C.L.
with 2.7 3¢ significance NENONIT 2021
Strong evidence of CEvNS Interaction
XENONNT, 2024
. JS— o AT
COHERENT casCl (This Work)

H%I Csl, 2022

SNS

e Ar 2021

:
XENON

|—Q-i—| Xe, 2024 (This Work)
| Xe, 2021

90% CL threshold

Solar
Test statistic g,

68% CL threshold

10—39 10—38 10—37 0 D 10 15 20

8B neutrino flux [10°% cm—2s~1
Flux-weighted ocgyns [cm?] | ]



i Low-mass DM results Viaxime Fierre

16

GDR DUPhy 2024

A reminder that CEYNS is a background for DM search

™
U

mmmm°B CEVNS
== = 5.5 GeV/c? WIMP
w= = 10 GeV/c? WIMP

Iy
=

® Focus on light DM models such as

d
o)

asymmetric and selt-interacting DM

~600 interactions/(tonne.year)

@ Benefitfrom the work done for the
8B CEYNS analysis

d
-

Normalized Scattering Rate [A.U.]
O
Ul

O
-

0.50 0.75 1.00 1.25 1.50 1.7 2.00 2.25 2.50
Recoil Energy [keVnr]
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Strong evidence for CEVNS interaction in g S CEuNS
XENONNT: A first step into the neutrino fog . v:2408.02877

iv:2409.17868

First Light DM results near the neutrino fog | il © 2% O

% Observed discovery significance
—e— Median discovery significance

M Ore resu ItS tO Come: Band containing 68 % & 95 % of toys

® Staytuned for the incoming WIMP results with SRO+SR1 datasets

oo
1

®)
J

® We continue to take data, SR2 ongoing with Gd-loaded Water in
nVeto to improve our neutron tagging efficiency.

= |mproved significance for 8B CE¥NS with increased exposure

N

= Broad physics program with active analyses ongoing whose

Discovery significance [0]
N

scope goes beyond WIMP search

| | | |
5.0 7.9 10.0 12,5 15.0

O
=
N
&

CEvNS exposure [t x yr]
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Subdominant Source:
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Subdominant Source: [
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Nuclear Recoil:

® Radiogenic neutrons (fission, a-n),

simulation and data-driven (NV) model

= Projection SR0O: 0.13 = 0.0/ events
= Projection SR1: 0.33 £ 0.19 events
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Nuclear Recoil:

® Radiogenic neutrons (fission, a-n),
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simulation and data-driven (NV) model

= Projection SR0O: 0.13 = 0.0/ events
= Projection SR1: 0.33 £ 0.19 events
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Electronic Recoil:
® Dominated by 214Pb flat B-spectra

= Projection SR0: 0.13 = 0.13 events
= Projection SR1: 0.56 = 0.56 events
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Subdominant Source: (e e ok
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Nuclear Recoil:

® Radiogenic neutrons (fission, a-n),

simulation and data-driven (NV) model

= Projection SR0O: 0.13 = 0.0/ events
= Projection SR1: 0.33 £ 0.19 events
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Electronic Recoil: Energy [keV]

® Dominated by 214Pb flat B-spectra

= Projection SR0O: 0.13 = 0.13 events
= Projection SR1: 0.56 = 0.56 events
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Surface Event:
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New calibration source:

@ Low-energy NR calibration using
external photoneutron source.
® Quasi-monoenergetic 152 keV

neutrons produced via:
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Challenges: Close to detector
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| (tiy, tqy ) two morphers of the yields:
Prelimjhary uncertainties of the emission model

XENON
1 . O Preliminary 3 . 2 2 .4: . ]. ].

LY(tly) = (LY) + tly ' 0'LY(Sign(tly))

3.67 QY(tqy) = (QY) + tqy - oqy(sign(tey))
with:

L1y 8B Rate [/t/y]
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<+ Waveform-feature-based S1 BDT differentiates isolated

S1 signals from random PMT hit clustering. s Signal Background
0.175

< Input features: double photo-electron emission, S1 pulse

shape, S1 hit counts, PMT channel distribution of S1. 0.150

0.125
% Trained with a data-driven sample of isolated S1 and

simulated éB S1 0.100

0.075
< S1 area in the largest-contributing PMT is the most

important feature due to the signal-only double
photoelectron emission (DPE), where a single photon

striking the PMT photocathode produces two
photoelectrons with p = 0.2. 0.000

0.050

Normalized distribution

0.025

0.0 0.2 0.4 0.6 0.8 1.0
< Enhances signal vs. background discrimination but is 31 BDT score

significantly weaker than the S2 BDT.

Credit slide: Matteo Guida
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%+ BDT trained using simulated signal and data- 20 103
driven AC background, with each feature 'g §
rigorously validated between data and simulation. — 15 e —
Qe 10°e <o
R -
S2 Signal = 10 O E
—— U e
: = 10l B
0.14 ; »' ;
5
12 3 ™N
N 0.12 W g
g L0 | |
;g 0.08 - —100 —50 _100 _50
& 0.06 | l Z naive [Cm] Z naive [Cm]
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0.04 = 111 | .
o3 ‘j 4, || ——Fuse | Rn220 data
. (1’8 | S V] G —_
0L By reat agreement 2 10f
1€ LA — A . . e
I S S Be— —t F—— between simulation pe
4 6 8 10 12 %
Time [us] and data. g .
. ¥
50% width 3
Feature Rise time xenon-fuse 1.3.0 5
relevance 90% width pip install xenon-fuse ® 2
Z-naive g 0
-2 . ] . ] " ] " 1
0.0 0.5 1.0 1.5 2.0

Credit slide: Matteo Guida Drift time [ms]
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VALIDATION OF AC MODEL

arXiv:2408.0:877

GDR DUPhy 2024

Credit slide: Langing Yuan

Publication in preparation

B AC 37Ar = Total
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Quantile of S1 BDT score Quantile of S2 BDT score S1 BDT score S2 BDT score
» Validated by AC sideband unblinding (events that failed S2 BDT cuts) » Validated by 37Ar L-shell 0.27 keV ER calibration data

» The difference (<10%) is considered when determine systematic uncertainty » Constrained ER light yield with 1598 observed events
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*** Unlike WIMP, the B8 FV was not optimized based on **» Events near wires are excluded from analysis due to
signal and bkg predictions. It was selected to: insufficient simulation fidelity.

* top/bottom — no areas with limited detector . . . . .
** S2 pulse shape varies near perpendicular wires, causing

modelling systematic errors if S2 BDT (trained on simulation) is
* radius = minimize surface bkg to a negligible applied.
level.
0 B8 FV ------ WIMP FV

A 3 0 - == Perpendicular wire
Near wire region (S2=120 PE)

Near wire region (S2=500 PE) S2 Correction Coefficients

-§; 20.0 0.7 0.8 0.9 1.0 1.1 1.2 1.3
—-40 § 28 = 17.5
= O
= S X |
— =60 e 426 5 2 150 102
5 50 g 2 125 2
e _ - : )
- >
N 24 2 & 10.0 iy
~100 2 T | O - Z
- ”9 @ N 7.5 N R R 10 &
R © . B DR - .
-120 L
~140 f | ¥ 20 2.5 Pty R e
R [cm] =30 =20 =10 0 10 20 30 —60 —-40 -20 0 20 40 60

Rotated x [ecm] Xobs [Ccm]
obs

Credit slide: Matteo Guida



*** AC: uncertainty from discrepancy in derived by
the sideband unblinding.

% B2:35% uncertainty from yields & efficiency.
Flux is a free parameter.

¢ ER: Electronic recoil background with flat
spectrum 0-10 keV Conservative 100%

uncertainty from yields.

Maxime Plerre
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Total background -

% ' : Radiogenic neutron background, 58%
uncertainty derived from the sideband.

¢ Surface background: not included in likelihood.
Fiducial volume such that it can be neglected.

Credit slide: Matteo Guida
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Peak Area [PE]
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« Isolated S1 . Isolated S2

« Unknown Peaks
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¢ HES1 e HES2

« Isolated S1

- Isolated S2

Unknown Peaks
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S2 Time Shadow [PE/ns]



. From XENON1T to XENONNT Vaxime Pierre | 3 ()

maxime.pierre@nikhef.nl
GDR DUPhy 2024

HXENOIN ¢ ¢ ¢ 0 0 0 0000000000060 0000000006000 0060060600000 0000000606006 06006 0006000060600 060060006006006000606006000600060600060006000e00 s

r New purification | ore target mass
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& ER bkg. reduction Reduced background level
New recovery/storage

water shield cryostat cryogenics

GXe purification

muon veto

neutron veto

DAQ Slow control
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