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The XENON collaboration: 

More than 100 people from 16 institutions: 
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Introduction to Dark Matter: 
o What do we know about Dark Matter: 

• Characteristics  of the DM candidate: 

- Low interaction with EM radiations and baryonic matter 
- Stable (relic density) 
- Non-relativistic (structures) 

• DM candidate:  

- WIMPs, Weakly Interactive Massive Particle (SUSY) 

𝑅𝑎𝑡𝑒 ~  
𝑀𝑑𝑒𝑡

𝑀𝜒
 𝜌𝜎 𝑣  

𝜒 

E
recoil

 ≤ 100 keV 

𝜒 + N → 𝜒 + N  

Nuclei 

o Direct detection with xenon: 

Nuclear 
recoil 

o Some advantages of xenon: 
• High stopping power 

• Intrinsically pure 

• Scalable 

• Spin Independent and Dependent analysis 
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The XENON100 TPC: 

e- e- e- 
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Anode mesh 
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Cathode mesh 

- ER / NR discrimination  

o Scintillation (S1) and Charge (S2) Signals  

o 3D Reconstruction for fiducialization:  

- (XY) – Top PMTs hit pattern (± 3 mm) 
- (Z) – Drift time (± 0.3 mm) 

o Multiple scattering rejection  

- Neutron / WIMP discrimination  

~ 30 cm 

~ 30 cm 𝑬𝒅 
 ~ 0.53kV/cm 

Bottom array 
80 PMTs 

Top array 
98 PMTs 

Field 
shaping 

rings 

o Materials selected for low radioactivity 

E. Aprile et al. (XENON100), Astropart. Phys. 35, 573-590 (2012) 

S1 S2 

Drift time 𝜒/ n 

Nuclear 
Recoil 

S1 S2 

Drift time γ / 𝛽  

Electronic 
Recoil 
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New data taking in 2011 – 2012 : 
o New data taking for Dark Matter search : 

- From March 1st 2011 up to April 1st 2012 
- More than one year of continuous operation! 
- A total of 224.6 live days of data collected 
- Excellent detector performance and stability 

 

o Kr contamination in Xe: 
- Reduced by a factor 20 by cryogenic distillation 

o Increase γ calibration 

o Increase neutron calibration: 
- two exposure campaigns: 
 - At beginning  
 - At about the end  
    of the run 
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- 35x more data than science 
data in region of interest 
(ROI), taken during all the 
science run  

E.Aprile et al., Phys. Rev. 
Let. 109, 181301 (2012) 

E.Aprile et al., Phys. Rev. 
Let. 105, 131302 (2010) 

E.Aprile et al., Phys. Rev. 
Let. 107, 131302 (2011) 



- Before the beginning of the science run, in Fall 2010, 
LXe was distilled by on-site dedicated column 

- Kr/Xe proportion  reduced dramatically:  
- RGMS Measurement:              (19±1) ppt 
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Reduced 85Kr level and background: 
o The 85Kr isotope: 

- Naturally present in commercial xenon 

- Long-lived 𝛽- emitter (99.6%) with  Emax= 687 keV  
- Previous science run sensibility limited because of accidental 

leak leading to high Kr/Xe level 
o Kr reduction: 

- Very good agreement between MC 
simulations for EM background and 
measured data in WIMP search region 

- Background is well understood in the 
full energy range 

o Background: 

Kr in 
2nd 

science 
run 

XENON100 
distillation 

column  
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Improved S2 trigger efficiency and lowered S1 threshold: 

o Improved S2 trigger efficiency: 

o Lowered S1 threshold 

- 100% efficiency for S2 ≥ 150 PE 
(~ 10 electrons) 

- Ability to trigger on smaller signals 
 

- From 4 PE (8.7 keVnr) to 
3 PE (6.6 keVnr) 

S2 threshold (S2>150 pe) 

NR acceptance 

Overall acceptance 



- 60Co and 232Th sources used for ER calibration 
- Data taken weekly during all the science run (40 lives days) 
- 35x more data than for Dark Matter search 
- Expected events in a benchmark region : 

   𝟎. 𝟕𝟗 ± 𝟎. 𝟏𝟔 events 

- 241AmBe source used for neutron recoil calibration 
- Two exposure campaigns (beginning and end of the run) 
- Nuclear recoil estimations done with Geant4 simulation 

- Expected events in a benchmark region :  

       𝟎. 𝟏𝟕−𝟎.𝟎𝟕
+𝟎.𝟏𝟐 events 
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Expected Background during the second science run: 
o Electronic recoil background: 

o Neutron recoil background: 

o Total background: 

E. Aprile et al. (XENON100), arXiv:1207.3458 

 E. Aprile et al. (XENON100), Phys. Rev. Lett. 109, 181301 (2012) 

- In the benchmark region, the expected background 
is in total: 

      𝟏. 𝟎 ± 𝟎. 𝟐 events 
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o Blinded analysis: 

- NR and ER discrimination by S2/S1 ratio 
- Defined blind region: 
 - S1 in benchmark region (3 – 30 PE) 
 - S2 threshold cut (S2 > 150 PE) 
 - 99.75 % ER rejection line 
 (Not used in PL analysis) 

o Fiducialization: 
- Events rejection by defining a 34 kg ellipsoid 

E. Aprile et al. (XENON100), arXiv:1207.3458 



 No WIMP signal !!! 
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Results: no WIMP signal 

o Profile Likelihood analysis: o Crosscheck: using benchmark region 
- S1 range from 3 – 30 PE 
- Signal region above 97% NR quantile 

- S1 range from 3 – 20 PE 
- Signal region above 97% NR quantile 
- Signal region below 99.75% rejection line for ER 

o Results: 

- After unblinding, 2 events were found 
in the benchmark WIMP search 
region 

- Both events have an S1 signal 
between 3 PE and 4 PE 

- Waveforms are of high quality 
- Both events are at the lower edge of 

NR band 
- Probability that 2 events fluctuate over 

the background expectation is 26.4 % 
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Latest SI limit from XENON100 : 

XENON100 
Spin-independent 
WIMP-nucleon 
cross-section 

Lowest limit for M
χ
 = 55 GeV/c2:  

2.0 ∙ 10-45 cm2 (90% C.L.) 

 E. Aprile et al. (XENON100), Phys. Rev. Lett. 109, 181301 (2012) 
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New XENON100 Spin Dependent limit: 

- Analysis for SD coupling of WIMPs to 129Xe 
(26.2%) and 131Xe (21.8%) (unpaired n) 

- Event selection and data analysis (Profile 
Likelihood) as for SI analysis 

- Results by using the new nuclear model from 
Menendez et al.  

- Relatively small impact of nuclear model for 
pure neutron coupling  

- Strong dependence on nuclear model used for 
pure proton coupling 

Neutron: 

Proton: 

Neutron coupling: 
lowest limit (WIMP masses > 6 GeV/c²)  

 𝐌𝛘 =  𝟒𝟓 𝐆𝐞𝐕. 𝐜−𝟐:  𝟑. 𝟓 ∙ 𝟏𝟎−𝟒𝟎 cm2 (90% C.L.) 

E. Aprile et al. (XENON100), arXiv:1301,6620 

o XENON100 SD Analysis: 
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Other upcoming results from XENON100: 

- Single electrons charge signals in XENON100 

- MC / Data comparison for XENON100 Nuclear Recoil response 

- Expected Nuclear Recoil background in XENON100 

- Gamma background “annual modulation” analysis  

- Much more … 

- A new run has started with new purification from Kr by distillation 



M. Le Calloch, Subatech, Nantes  (Fr) 

Rencontres de Moriond 2013, VHEPU 

14 

Next step: XENON1T 
XENON100 Hall B 

o XENON1T Characteristics: 

- 1 m drift TPC with 2.4 ton LXe (1 ton fiducial)  
- 10 m water shield as Cerenkov Muon Veto 
- 100 x less background than XENON100 
- Approved by INFN for installation at LNGS 
- Majority of funding secured 
- Construction starts in Spring 2013 
- Science Data projected to start in 2015 
- Sensitivity goal: 

 2∙10-47 cm2 after 2 years of data taking 

o The Recovering and Storage 
system of XENON1T: ReStoX 

- R&D in Subatech laboratory 
- Will be installed in Gran Sasso in 2014 

2.7 m 3.2 m 

Cooling system 
To XENON1T 

cryostat 

Heat 
exchanger 
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Summary: 

 Latest run: 225 live days of new data, no dark matter evidence 

 Most stringent Spin Independent results: M
χ
 = 55 GeV/c2: 2.0 ∙ 10-45 cm2 (90% C.L.) 

           Most stringent Spin Dependent results: M
χ
 = 45 GeV/c2: 3.5 ∙ 10-40 cm2 (90% C.L., neutron) 

 XENON1T construction in Hall B will start in Spring 2013 

Thank you for your attention 

XENON100 

Towards the next generation: XENON1T 

 We are currently taking new data 


