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Primary Goal is to search for direct detection 
of WIMPs interaction… but can do much more!
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๏ Excluded XENON1T ER excess at ~4𝜎 

➡ Stringent limit with non-astronomical 
observations on solar axions, neutrino 
magnetic moment, boson DM 
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๏ First XENONnT WIMPs results
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๏ Excluded XENON1T ER excess at ~4𝜎 

➡ Stringent limit with non-astronomical 
observations on solar axions, neutrino 
magnetic moment, boson DM 

SR0

WIMPs results 
PRL 131, 041003

Low-ER results 
PRL129, 161805

Signal Rec. Cor.  
arXiv:2409.08778

Inference 
arXiv:2406.13638 

๏ First XENONnT WIMPs results
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SR1

SR0

Total: ~340 day of raw exposure
๏ Radon suppression milestone: distillation with 

combined gaseous and liquid xenon flow

Science Run 1 Highlights

< 1 μBq/kg
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SR1

SR0

๏ Radon suppression milestone: distillation with 
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 SR0 strategy with 
three new features: 
➡  New ER calibration source: 222Rn (β) and 

232Th (ɣ) 
➡ New low-energy NR calibration source: 

88YBe

Science Run 1 Highlights
Total: ~340 day of raw exposure
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Never measured in a DM direct detection experiment

Never measured in a xenon target

Never measured from astrophysical sourceCoherent Elastic neutrino Nucleus Scattering

Next science case focus?
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๏ Nearly indistinguishable from 
a ~6 GeV WIMP with 𝜎SI = 4.4 x 

10-45 cm2 

๏ Boost in cross section from 
coherent effect…but low 
energy recoil (< 1.5 keVNR in 
LXe)

CE𝝂NS search in XENON:
D. Akimov et al, Science 357 (2017)
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Boost sensitivity by lowering our energy threshold

๏ 8B event rate in the conventional WIMP “3-fold analysis" (SR0): ~1% detection efficiency → 0.2 events / (t x yr)  
๏ Lowering our S1 and S2 threshold → improve our expected event rate to 3.7(3.3) events / (t x yr) in SR0(1)
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8B CE𝝂NS - Signal Region of Interest 10
Boost sensitivity by lowering our energy threshold

๏ 8B event rate in the conventional WIMP “3-fold analysis" (SR0): ~1% detection efficiency → 0.2 events / (t x yr)  
๏ Lowering our S1 and S2 threshold → improve our expected event rate to 3.7(3.3) events / (t x yr) in SR0(1)

S1 ROI: 2 or 3 hits ; A hit corresponds to a recorded photon by PMT+DAQ+software

S2 ROI: [120 - 500] PE → Reject high rate of isolated S2 background signal

Conventional 
WIMP threshold

Blinded Region of Interest

2-fold (this search)

3-fold (conventional)
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Main Source: Accidental Coincidences

Not physically 
correlated 

“Accidental”

๏ Accidental Coincidence (AC): Random pairing of isolated S1 and 
isolated S2, whose exact origin is under investigation. Current culprit:  
➡ Isolated S1 signals: from pile-up induced single PMT hits, 

misclassified single electrons,… 
➡ Isolated S2 signals: from few-electron pile-up events, notably 

following high-energy interactions,… Time

S2
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Accidental Coincidences Suppression:
1- Time Shadow

๏ Use space/time correlation with previous high-energy interaction  
➡ Isolated S1 rate: 15 Hz → 2.3 Hz 
➡ Isolated S2 rate: 150 mHz → 25 mHz 

S2

Δtprev

S1 S2
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1- Time Shadow

๏ Use space/time correlation with previous high-energy interaction  
➡ Isolated S1 rate: 15 Hz → 2.3 Hz 
➡ Isolated S2 rate: 150 mHz → 25 mHz 

S2

Δtprev

S1 S2

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

distribution across the PMT arrays. 
๏ S2 BDT: check that S2 pulse shape correlated with 

the diffusion of the drifting electron cloud law. 

Expected # of AC events:
7.5 ± 0.7 (SR0) and 17.8 ± 1.0 (SR1)
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Accidental Coincidences Suppression:
1- Time Shadow

๏ Use space/time correlation with previous high-energy interaction  
➡ Isolated S1 rate: 15 Hz → 2.3 Hz 
➡ Isolated S2 rate: 150 mHz → 25 mHz 

S2

Δtprev

S1 S2

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

distribution across the PMT arrays. 
๏ S2 BDT: check that S2 pulse shape correlated with 

the diffusion of the drifting electron cloud law. 

Expected # of AC events:
7.5 ± 0.7 (SR0) and 17.8 ± 1.0 (SR1)

Those 3 dimensions are used 
in the inference
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Constrain Yield Models:
๏ Great agreement 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. 

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

γ(88Y) +9 Be → n +8 Be
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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 SR0 (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, S2prev/Δtprev, S1 BDT, S2 BDT)

0.48

0.80

0.16

0.03

48% to observe > 3𝜎 significance
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๏ 8B neutrino flux:  at 68% C.L. no tension with literature value4.6+3.6
−2.3 × 106 cm−2 s−1

Background only hypothesis rejected 
with 2.73𝛔 significance 

Strong evidence of CE𝝂NS Interaction
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158B CE𝝂NS search - Unblinding

๏ 8B neutrino flux:  at 68% C.L. no tension with literature value4.6+3.6
−2.3 × 106 cm−2 s−1

Background only hypothesis rejected 
with 2.73𝛔 significance 

Strong evidence of CE𝝂NS Interaction

๏ With constrain from SNO flux → Measure the flux-weighted CE𝝂NS cross section: 1.1+0.8
−0.5 × 10−39 cm2
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A reminder that CE𝝂NS is a background for DM search

๏ Focus on light DM models such as 
asymmetric and self-interacting DM 

๏ Benefit from the work done for the 
8B CE𝝂NS analysis
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Strong evidence for CE𝝂NS interaction in 
XENONnT: A first step into the neutrino fog

8B CE𝝂NS 
arXiv:2408.02877

Low-mass DM 
arXiv:2409.17868First Light DM results near the neutrino fog

More results to come:
๏ Stay tuned for the incoming WIMP results with SR0+SR1 datasets  
๏ We continue to take data, SR2 ongoing with Gd-loaded Water in 

nVeto to improve our neutron tagging efficiency. 
➡ Improved significance for 8B CE𝝂NS with increased exposure 

➡ Broad physics program with active analyses ongoing whose 
scope goes beyond WIMP search



Back-Up
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Subdominant Source:
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Subdominant Source:
Nuclear Recoil:
๏ Radiogenic neutrons (fission, ⍺-n), 

simulation and data-driven (NV) model 
➡ Projection SR0: 0.13 ± 0.07 events 
➡ Projection SR1: 0.33 ± 0.19 events
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Subdominant Source:

Electronic Recoil:
๏ Dominated by 214Pb flat β-spectra 

➡ Projection SR0: 0.13 ± 0.13 events 
➡ Projection SR1: 0.56 ± 0.56 events

Nuclear Recoil:
๏ Radiogenic neutrons (fission, ⍺-n), 

simulation and data-driven (NV) model 
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➡ Projection SR1: 0.33 ± 0.19 events



Maxime Pierre  
maxime.pierre@nikhef.nl

GDR DUPhy 2024
Background Model 20

Subdominant Source:

Electronic Recoil:
๏ Dominated by 214Pb flat β-spectra 

➡ Projection SR0: 0.13 ± 0.13 events 
➡ Projection SR1: 0.56 ± 0.56 events

Nuclear Recoil:
๏ Radiogenic neutrons (fission, ⍺-n), 

simulation and data-driven (NV) model 
➡ Projection SR0: 0.13 ± 0.07 events 
➡ Projection SR1: 0.33 ± 0.19 events

Surface Event:
๏ ER from 210Pb plate out at detector 

walls 
➡ Data-driven model SR0/1: <0.3 events
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New calibration source:
๏ Low-energy NR calibration using 

external photoneutron source. 
๏ Quasi-monoenergetic 152 keV 

neutrons produced via:

External calibration 
source

Challenges: Close to detector 
threshold and high-background rate

Low statistics

γ(88Y) +9 Be → n +8 Be
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SR0
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Credit slide: Matteo Guida
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Credit slide: Matteo Guida
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26AC Validation 

Credit slide: Lanqing Yuan
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Credit slide: Matteo Guida
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28Signal and Background model

Credit slide: Matteo Guida
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30From XENON1T to XENONnT

Xenon handling
New purification

& ER bkg. reduction
New recovery/storage

neutron veto

cryostat

Water Cherenkov 
Neutron Veto

Gd-doping ongoing

x3 larger TPC
8.5 t LXe
494 PMTs

Goal More target mass

Reduced background level

U
PG

R
AD

E


