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Dark Matter

Bullet cluster

CMB anisotropies

Galaxy rotation curves

Gravitational lensing

Evidences for the existence of Dark Matter

What is DM?
● Massive, neutral and stable particle
● Non-baryonic matter interacting through gravitational and weak 

forces only
● Constitutes about 27% of the Universe
● Best candidates: Weakly Interacting Massive Particle (WIMP)  
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WIMP direct detection using Xenon 

Why Xenon?

● Large mass number (A=131)

● High stopping power (Z=54, ρ=2.83 kg/l), i.e. 
excellent self shielding

● Scalable to large target masses

● 50% of odd-nucleon isotopes (129Xe, 131Xe) for SD 
interactions

● Efficient scintillator (λ=178 nm)

● No long-lived isotopes (Kr can be reduced to sub-ppt 
levels and 136Xe negligible in the low energy ROI)

● High light/charge yield

● Xenon is liquid at -95°C: “easy” cryogenics 

Elastic scattering of WIMPs off target nuclei

→ measure energy of recoiling nucleus (~ few tens of keV)
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The XENON detection technique
● S1: light signal in LXe

→ prompt scintillation photons
● S2: charge signal in GXe

→ secondary scintillation from drifted e-

Reconstruction of energy using both S1 and S2 
(Combined Energy Scale)

● 3D position reconstruction: 
x,y from S2 pattern in top PMT array and z using 
drift time

● WIMPs (or n) scattering off Xe nucleus → NR
● e-, γ backgrounds scattering off Xe electrons → ER

Particle-type discrimination 
from S2/S1 ratio:

S2/S1
NR

<<S2/S1
ER
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The XENON project

XENON10 XENON100 XENON1T XENONnT
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The XENON1T Collaboration
165 scientists, 25 institutions, 11 countries
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The XENON1T detector

Muon Veto:
- 84 8'' PMTs
- 700 t ultra pure 
water

Cryostat

TPC:
- 248 3'' PMTs
- 3.2 t LXe

External 
calibrations

Cryogenics and 
purificarions

DAQ and Slow 
Control

Kr distillation 
column

Xe Storage and 
Recovery

Eur. Phys. J. C. (2017) 77:881
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Electronic recoil backgrounds
● 222Rn: 10 μBq/kg

careful surface emanation control and further 
reduction by online cryogenic distillation

● 85Kr: sub-ppt (Kr/Xe)
achieved with online cryogenic distillation

● Materials radioactivity 
HPGe gamma screening: subdominant

● MC simulations:
75 ± 6 events/(t·y·keV)

● Measured (in 1.3t FV and below 25 keVee):
82+5

-3(sys) ± 2(stat) events/(t·y·keV)

Lowest ER background ever achieved in a DM 
detector!

Successfully
distilled Kr

to ~0.66 ppt

Expectations in 1-12 keV search window, 
1t FV, single scatters

JCAP 04, 027 (2016)
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Nuclear recoil backgrounds

JCAP 04, 027 (2016)

Expectations in 4-50 keV search window, 1t FV, single scatters

● Cosmogenic neutrons
Induced by cosmic muons.
Significantly reduced by rock overburden, water passive shield and active Cherenkov Muon Veto

● Radiogenic neutrons
From (α,n) and spontaneous fission from 238U and 232Th contained in detector's materials.
Reduced via radiopure material selection, scatter multiplicity and fiducialization

● Coherent elastic ν-nucleus scattering (CEνNS)
Mainly from 8B solar ν.
Constrained by flux and cross-section measurement, is an irreducible background below 1 keV
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Calibration sources
Electronic recoil Nuclear recoilSpatial
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ER and NR calibrations

ER 
(220Rn)

NR 
(neutron 

generator)

● Detailed MC simulations of LXe microphysics and 
detector processes

● Parameters tuned and constrained by calibration data

ER rejection: ~99.7% with NR acceptance 
within [NR median,NR median-2σ]
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DM and calibration data

● 279 days of DM data taking (including correction for dead time) since Spring 2016

● 32.1 days of SR0, 246.7 days of SR1

● 1 year of data in stable detector conditions (temperature, pressure, level, etc.), within a few %

● The largest exposure reported to-date with this type of detector

● 140 days of calibration data

Earthquake
(Jan 17)

SR1
arXiv: 1805.12562

SR0
PRL 119, 181301
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DM search data: blinded and salted
● Blinding:

to avoid potential bias in event selection, the signal/background nuclear recoil ROI was blinded

● Salting:
to protect against post-unblinding tuning of cuts and background models, an undisclosed number and 
type of event was added to data
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Dark matter search

with XENON1T: 

results 
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Background prediction and unblinding
● Reference region is defined within 

[NR median, NR median-2σ] 

● ER is the most significant 
background and uniformly 
distributed in the volume

● Surface background contribute 
most in reference region, but its 
impact is sub-dominant in inner R

● Neutron background is less than 
one event, and impact is further 
suppressed by position information

● Other background components are 
completely sub-dominant

● Numbers in the table are just for 
illustration, statistical interpretation 
is done based on profile likelihood 
analysis

arXiv:1805.12562
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Results: energy space
● Results interpreted with un-binned profile likelihood analysis in cS1, cS2, R, Z space

- here we show cS2b vs cS1, R2 

● Events passing all selection criteria are shown as pie charts representing the relative PDF from each component 
for the best-fit model for 200 GeV/c2 WIMP (σSI=4.7·10-47cm2)

● Larger charts represent events with larger WIMP probability

200 GeV/c2 
WIMP signal 
shape

NR reference 
region

ER 
background

Surface 
background
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Results: spatial distribution
● Results interpreted with un-binned profile likelihood analysis in cS1, cS2, R, Z space

- here we show Y vs X, Z vs R2 

● Core volume (0.65 t): modeled in order to have a negligible amount of surface and neutron background.
The two bins, in/out core volume, allow to increase the fiducial volume

outside 
FV

Core volume

1σ, 2σ pdf 
of 

radiogenic 
neutron 

bkg
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New constraints of WIMPs

Submitted to PRL
arXiv:1805.12562

● Spin Indipendent WIMP-nucleon cross section: most stringent 90% CL upper limit on WIMPs above 6 GeV/c2

● 7 times better sensitivity compared to previous experiments (LUX, PANDAX-II)

● 1 sigma upper fluctuation at higher WIMP masses. No significant (>3 sigma) excess at any scanned WIMP 
mass

Minimum at 
4.1·10-47cm2 for a WIMP of 30 GeV/c2
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● Most of the XENON1T subsystems have been designed 
in order to accommodate also a larger dark matter 
detector: XENONnT

● The upgrades especially involve
- TPC: larger inner cryostat, 476 PMTs
- LXe purification: faster cleaning (5000 SLPM) of large 
LXe volume
- Rn distillation: online removal of 222Rn emanated inside 
the detector
- Neutron Veto (new!): tag the neutron-induced 
background

● The total LXe mass in XENONnT will be 8 t (~4 t fiducial) 
● The background will be reduced by a factor ~10
● The installation of XENONnT starts in 2018 and the 

commissioning in 2019

What next? XENONnT!

A feasible option for the 
Neutron Veto detector of 
XENONnT
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Conclusions
● First multi-ton scale LXe-TPC successfully operated for more than 1 year

● Lowest background ever achieved in any DM detector: 82 events/(t·y·keV)

● Strongest limit on WIMP-nucleon SI cross-section above 6 GeV/c2: minimum at 4.1·10-47cm2 for a WIMP of 30 GeV/c2

● XENON1T is continuing data taking 

● XENONnT will improve the sensitivity by another order of magnitude 
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Backup

slides
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Accidental Coincidence background
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Surface background
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Water Cherenkov Muon Veto
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Detection efficiency
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Light and Charge signals stability

Light and charge yield stability 
monitored with several sources:

● 222Rn daughters

● Activated Xe isotopes after neutron 
calibrations

● 83mKr calibrations

● 214Bi and 208Tl for high energy 
calibration

● Stability is within 0.2% for light yield 
and 1.5% for charge yield
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Energy resolution
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