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The XENON program for Dark Matter Detection 
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XENON10
Achieved (2007) !SI=8.8 x10-44 cm2

XENON100 & 100+
Projected (2010) !SI~2x10-45 cm2

Projected (20012) !SI~2x10-46 cm2

XENON1T
Projected (2015) !SI <10-47 cm2

past
(2005 - 2007)

current 
(2008-2012)

the future
(2013-2015)



XENON10 Results
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XEN
ON10

CDMS I
I

(NO BKG SUBTRACTION)

8.8 x 10-44 cm2 at 100 GeV

4.5 x 10-44 cm2 at 30 GeV

Constrained Minimal

Supersymmetric Model

Spin-independent

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

Spin-dependent

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

XENON10

CDMS ZEPLIN-II

(NO BKG SUBTRACTION)

6 x 10-39 cm2 at 30 GeV



!scalability: relatively inexpensive for very 
large detector (today ~$1300/kg )

!Xe nucleus (A~131): good for SI plus 
SD sensitivity (~50% odd isotopes)

!“easy” cryogenics: 170 K (LXe)

!Charge & Light:  highest yield among 
noble liquids and best self-shielding

! low energy threshold: photosensors 
within liquid for efficient light detection

!background reduction: by charge-to-light 
ratio and 3D-event localization

! Intr ins ical ly pure: no long- l ived 
radioactive isotopes; Kr/Xe reduction  
to ppt level with established  methods
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Liquid Xenon for Dark Matter 

Recoil Energy [keVr]
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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〉



The XENON two-phase TPC
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WIMPs/Neutrons

nuclear recoil

electron recoil

Gammas

Top PMT Array

! Single electron and single photon measurement sensitivity

! > 99.5% ER rejection via Ionization/Scintillation ratio (S2/S1)

!  3D event-by-event  imaging with millimeter spatial resolution 
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• ~100 more sensitive than XENON10

• ~100 x less background and ~10 x more 
fiducial target than XENON10

• Target: 30 cm drift x 30 cm diameter TPC

• Cryocooler and FTs outside shield

• Materials screened for low radioactivity

• ~1 mBq (U/Th) and ~30% QE PMTs

• LXe veto around target on all sides

• 170 kg ultra pure LXe (target + veto)

•  Improved passive shield (Cu,Poly, Pb)

The XENON100 Experiment
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         the

170 kg LXe
(70 kg target) 

XENON100: The TPC Assembly



XENON100: New Cryogenics System Design
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Simulated Shield Door
Detector Vessel

Feedthroughs and Cooling Tower 

outside Shield



Cooling Tower
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• 242 PMTs (Hamamatsu R8520-06-Al )

• 1 “ square metal channel developed for XENON

• Low radioactivity (<1 mBq U/Th per PMT)

• 80 PMTs for  bottom array  (33% QE)

• 98  PMTs for top array (23% QE) 

• 64 PMTs for top/bottom/side Veto (23% QE)

XENON100: The PMTs Bottom Array

Top Array PMTs for Side & 
Bottom Shield 

PMT Base



XENON100: Data Acqusition System
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XENON100 TPC: Electric Fields
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XENON100: Purification System

• Gas purification with continuous re-circulation of 

the 170 kg of Xe gas through hot getter (SAES)

• re-circulation speed 10 slpm (5 slpm in XENON10)

• Impurities in LXe affect both charge and light

• Source of Impurities: 1) leaks, 2) materials 

outgassing and 3) Xe gas contamination.

•  Light is strongly absorbed by H2O. Charge is 

strongly reduced by electronegative substances

• We have succeeded to reduce the H2O level to < 

1ppb as measured with dedicated IR detector

• We have succeeded in drifting electrons through 

entire 30 cm gap as measured directly with S2
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XENON100: Kr Removal System
Xe has no long lived isotopes BUT has traces of radioactive Kr85  

Kr85 (Emax = 687 keV, t ~11 yr) is present in natural Kr at ~ 10-11

The Kr level in the XENON100 fill gas is currently at ~1 ppb level as 
measured with delayed coincidence events

A dedicated Cryogenic Distillation Tower designed for Kr reduction by 103 

has been commissioned and installed next to XENON100: purification run 
scheduled for July 2009

XENON100 science goal requires ~ 50 ppt of Kr (<1 ev / 0.5 yr)



! A new facility for XENON: an Atom Trap Trace Analysis System 

! Major Research Infrastructure proposal by Columbia University  to the National Science Foundation 

! Proposal submitted January 2009 and now approved for funding  - 3 Years Development Effort

! System based on laser cooling, slowing and trapping of single Kr atoms from Xe purified sample

! Single atoms counted by detection of their fluorescence with high S/N photodetector
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XENON100: Materials Screening Facility
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Radioactivity of all 
materials used in 

XENON100 measured 
with a dedicated 2.2 kg 
HPGe counter at LNGS



XENON100

 1400 m Rock (3100 mwe) 

XENON100 Operating Underground @ LNGS



45 people: 15 GRA, 10 postdocs



XENON100 Status and Preliminary Results
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• Detector fully functional and taking gamma calibration 

data underground at LNGS

• Both Charge and Light signals detected

• Optimizing trigger level, threshold, overall response

• Light Yield is maximum and Electron Lifetime currently 

225 microsec and keeps increasing

•   Initial background run shows a background level 

consistent with level predicted by MC simulations

• Following Neutron Calibration with AmBe in Fall 09 the 

1st DM search run will start before end of the year



XENON100 Status: Light Yield
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• In April 09 we replaced a vacuum seal and 

reduced further detector outgas with bake-

out and hot gas re-circulation

• In May 09 we filled TPC again (current 

run-06):  Light Yield 3.2 pe/keV for 662keV 

• Equivalent to 4.5 pe/keV for 122 keV

• With event position reconstruction we can 

now measure the S1 position dependence  



Calibration Sources for XENON100
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Initial Results from Cs-137 Gamma Calibration
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S1 Spectrum S2 Spectrum

corrected for the Z
dependence of the LY 

corrected for drift time 
dependence of charge 



XENON100 Data: Background Reduction by LXe Veto 
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Left plot: the right band is the 662 keV full absorption peak and the left band is the 
energy deposited by gammas that backscatter in the sensitive volume. 

Right plot: when we apply a cut for events with a 2 fold coincidence in the veto  the left 
band disappears (and the overall rate is also lower) -->  Gammas that backscatter 
(depositing 478 keV) in the LXe of target, interact in the veto and are removed by cut



XENON100 MonteCarlo: Background Reduction by LXe Veto
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! The LXe Veto (embedding the target on all sides) decreases the background rate in the 
target by more than 50% even with a 200 keV veto threshold 



XENON100 Background: Monte Carlo Prediction 
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GEANT4 Simulations of full experiment: detector +  shield + cavern 

! rate before S2/S1 discrimination!



XENON100 Background: preliminary data

! we are very pleased at what we see in this first peek!
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XENON100 Sensitivity 

28



XENON100+ (2010-12)

! increase fiducial target to >100 kg 

! decrease background by factor 10 

! increase sensitivity by factor 10

! pathfinder for XENON1T

! funded in the US by the NSF 

! strong non- US support 
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XENON10 

XENON100 LUX 
XENON100+ 

XENON1T, XAX 

Extremely low radioactivity: << 1mBq
Large area:    ~ 3 inch
Single photon detection capability
High QE:    > 30 %
Low temperature operation

Liquid Xenon:   -108 oC
Liquid Argon:  -186 oC



Summary

!  XENON100: 1st 100 kg scale LXe dark matter experiment operating underground 

! Two-phase TPC works as designed: currently optimizing response with sources

! Neutron Calibration by Fall 09 and  1st dark matter search before end of 2009

!  XENON100+ :funded and moving ahead with design and tests of key technologies

!  
30



Discovery Potential of XENON100 Program
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Exposure Time with Zero Bkg [month]
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XENON Sensitivity Projection - 100 GeV WIMPs

           2009                                  2011-2012                        

Current Best Sensitivity


