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The XENON Roadmap
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XENON10
Achieved (2007) σSI=8.8 x10-44 cm2

Phys. Rev.  Lett. 100, 021303 (2008) 
Phys. Rev.  Lett. 101, 091301 (2008

XENON100 
Projected (2010) σSI~2x10-45 cm2

past
(2005 - 2007)

current 
(2008-2010)

future
(2011- 2015)

XENON1T
Goal: σSI <10-46 cm2
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✦scalability: relatively inexpensive for very 
large detector (today < $800/kg )

✦Large mass number (A~131): high rate 
for SI interactions if NR threshold is low

✦~50% odd isotopes: SD interactions 

✦Excellent Stopping Power: active volume 
is shelf-shielding

✦Excellent Scintillator and Ionizer:  
highest yield among noble liquids 

✦ Intr ins ical ly pure: no long- l ived 
radioactive isotopes; Kr/Xe reduction  
to ppt level with established  methods

✦NR Discrimination: by simultaneous 
charge and light measurement
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Liquid Xenon for Dark Matter 
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Xe (A=131)
Ge (A=73)
Ar (A=40)

18 evts/100-kg/year 
(Eth=5 keVr)

8 evts/100-kg/year 
(Eth=15 keVr)

WIMP Scattering 

Mχ = 100 GeV,σχ−p = 10−45cm2

R ∼ Mdet

Mχ
ρσ�v�
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World Wide Dark Matter Searches:
~50% use Noble Liquids 
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Gran Sasso
CRESST

DAMA/LIBRA
WARP

XENON

SNOLAB
DEAP/CLEAN

PICASSO

Kamioka
XMASS

Yangyang
KIMS

Soudan
CDMS

Homestake
LUX

Boulby
ZEPLINIII

DRIFT

Frejus/
Modane

EDELWEISS

Canfranc
ANAIS
ArDM
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Fast Slow 

Kubota  et al. 1979, Phys. Rev.B 

Ionization/Scintillation Mechanism in Noble Liquids 
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XENON, LUX, ZEPLIN,WARP,ArDMXMASS, DEAP/CLEAN
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The XENON two-phase TPC
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WIMPs/Neutrons

nuclear 
recoil

electron 

Gammas

Top PMT Array
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30 cm Drift Gap

62 kg  target
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XENON100: Measured Background
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XENON100: Summary of Predicted Backgrounds
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 XENON100: Status
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• In continuous operation underground 
for the past 6 months with high stability 

• Neutron calibration performed in mid-
December 2009

• Gamma calibrations are performed on 
regular basis (Cs137 for e-lifetime; 
Co60 for gamma band)   

• Measured background level is 
consistent with design goal of 100 less 
than XENON10

• Dark Matter search run started on 
January 13, 2010: data in ROI “blinded”

• Event selection and cuts developed 
and optimized on calibration data
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XENON100: ultra-low background detector
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XENON100

XENON10

CoGent

XENON100

CRESST

CDMS

DAMA
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XENON100: Neutron Calibration
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XENON100: Neutron Recoil Band
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XENON100: Gamma Recoil Band
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Nuclear Recoil Equivalent Energy Scale 

Enr =
S1

LyLeff
× Se

Sr

Energy of nuclear recoil (NR)

measured signal in p.e.

quenching of scintillation yield for 
122 keV due to drift field

light yield for 122 keV  
in p.e./keV

scintillation efficiency of NR 
relative to 122 keV   at zero field

quenching of scintillation yield for 
NR due to drift field

γ

γ
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Current Leff Measurements in LXe
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New experiment ongoing at the Columbia Nevis 
Lab, with a 2-phase miniTPC optimized for high 

light collection. Measure ionization and 
scintillation yield of very low energy ER and NR 

in LXe, as a function of field and energy.  
DD- generator for neutrons

Additional set-up also at UZurich

Cooling Tower 
with 20W PTR 98% 

efficient 
Heat 

Exchanger

New Measurements of Leff in Liquid Xenon
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XENON100: arxiv-20100511

• WIMP search energy window: 4-20 PE or 8.7 - 32.6 keVr

• S2 software threshold: 300 PE
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Analysis of XENON100 non-blinded data
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• 11. 2 live days of background data from October-November 2009 

• Non-blind analysis: but cuts optimized only on neutron and gamma calibration data

• Only very basic event selections are applied:

• events with reasonable S/N ratio (TPC has high sensitivity to single electrons)

• events with single S1 and single S2 peaks (remove delayed coincidence events and multiple 
Compton and neutron scatters)

• events with the S2 pulse width compatible with drift time (remove gas events)

• events with an S1 signal in active volume but no veto signal

TPC 

Veto 

Gas Events
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Results from the 11 days data
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• 22 Events (8.7 - 32.6 keVr) after a 40 kg fiducial volume cut

• None in the region of interest (expect <1)

40 kg “Background free” 
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Results from the 11 days data
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XENON100: First Spin Independent Limit
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Optimistic Leff below 5keVr 
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XENON100: First Spin Independent Limit
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Pessimistic Leff below 5keVr 
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expect 4 evt above 3PE for pessimistic Leff

obeserve 0 evt->90%CL exclusion 
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• XENON100 is working very well. It is the largest mass and lowest background DM experiment 
in operation underground and with a large exposure ready to be unveiled. 

• Within 2010 XENON100 will a) either see a signal  or b) will significantly constraint WIMP 
models for both SI and SD cross-section. 

• Larger scale experiments with even lower background are needed in both cases. 

• Critical technologies developed within the  XENON10/100 programs can be directly applied to 
the next scale.  Risks and the costs are fully understood. 

• A strong international collaboration, with valuable expertise and resources, is in place. 

• A technical design proposal for a XENON1T is in preparation. With 50 - 50 share of resources 
between US and other groups, we plan to realize the experiment before 2015.
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The case for XENON1T
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XENON1T: A tremendous scientific reach 
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 probe simultaneously SI and SD channels

 explore the entire MSSM parameter space
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10-45 cm210-44 cm2

XENON1T: constraints on WIMP mass
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XENON1T: Detector Overview 

• Baseline design similar to XENON100 with 

improvements in different areas 
➡ lower radioactivity cryostat (Ti and Cu)
➡ lower radioactivity PMTs (QUPIDs)
➡ high efficiency heat exchanger: >98%
➡ filling & recovery  in liquid phase 

• Design has been validated with detailed MC 
studies of internal/external background 
sources

• Capital cost ~ 8M$ shared equally between US 
and foreign groups
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QUPID Characteristics

• Extremely low radioactivity:   < 1 mBq 

✓ < 0.1 neutron / year 
✓ << 10 times lower than conventional low radioactive PMTs.

• Large diameter:     3 inch 

✓ 6 inch is also under investigation.

• Special Photocathode:   Bialkali LT  

✓ > 30 % QE at 170 – 450 nm 

✓ Low resistivity even at Liquid Ar temperature (- 185 oC)

• True photon counting
✓ 1, 2, 3… photoelectron peaks clearly visible.
✓ 100% collection efficiency.  

• Simple HV supply. 
✓ Common HV (-6 kV) for all QUPIDs 
✓ Resistor chain not necessary 

• Successful test at UCLA in LXe with >33% QE. 

•
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Expected Backgrounds from Detector Materials 
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External background at LNGS:

Residual gamma and neutron flux after different 
thicknesses  of water shield

gamma neutrons
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XENON1T Baseline at LNGS
A 4-    active water muon veto and shieldπ
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