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Neutrinoless Double Beta Decay 
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G     = phase space factors (easy) 
|M|   = nuclear matrix elements (hard) 

Τ1/20ν= half-life (current limit >5.7x1024yrs)	
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136Xe → Ba++ + 2e- + (2ν) 

are neutrinos Majorana particles ? 

ΔL=2 lepton number violation? 

neutrino mass scale 

neutrino mass hierarchy 

mββ = |∑i Uei ²  mi | 



EXO: Sensitivity 



Xenon ~2.548 MeV 

Double Beta Decay of 136Xe 

1)  Mitigate non-ββ backgrounds 

2)  Minimize 2νββ contamination 

3)  Large mass x exposure time  

M  . t 
NBkg . ΔE T ν0

2/1 (y) ≈ 



EXO Program 
Measurement of 136Xe 2νββ and search for 0νββ 

•  EXO 200  
–  liquid xenon time projection chamber (scintillation and ionization)  
–  200 kg of enriched xenon (~80%)  
–  demonstrate energy resolution/low bkgs/physics results 

•  EXO Gas-phase 
–  prototype gas-phase TPC (scintillation and ionization) 
–  event reconstruction (σE~1%, tracking, dE/dx) 

•  Barium Tag 
–  could eliminate all non-ββ backgrounds 

•  “Full EXO” 
–  multi-tonne TPC…utilize ‘best’ technologies developed 



Detector Cartoon for EXO 
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xenon gas/liquid 



Detector Concept for EXO 
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Detector Concept for EXO 
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Ba++ to 
extraction 

xenon vessel field cage ionization/scintillation 
readout (segmented) 

xenon gas/liquid 
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drift electrons (slow) 

light transport (fast) 

•  signals read out 
•   processed by electronics 
•   event reconstruction 

all 0νββ	


experiments 
have been 
background 
limited 



EXO-200 at WIPP 
near Carlsbad New Mexico 

muon veto 



EXO-200 
•  liquid phase TPC holding 200 kg of enriched liquid xenon 
•  ionization collection (wires) + light collection (APDs) 
•  no barium tagging for this prototype but being developed 

lead shield 

copper cryostat 

process systems 
connections 

TPC 





EXO-200: 2νββ observation"

Single	
  cluster	
   Mul.ple	
  cluster	
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2νββ"

•  31 live-days of data"
•  63 kg active mass "
•  Signal to background 
ratio of 10:1 

EXO:                     2νββ   T1/2 = (2.11 ± 0.04 stat ± 0.21 sys) x 1021 yr "

KamLAND-Zen:    2νββ "T1/2 = (2.38 ± 0.02 stat ± 0.14 sys) x 1021 yr  

! ! !     0νββ !T1/2 > 5.7 x 1024 yr 90% CL    (300 < mββ < 600) meV "

720	





XEP Gas-Phase Prototype TPC 



CH4 region ~3 

-  use CsI coated readout pads to detect scintillation UV photons 
-  ionization signal converted to UV via electroluminescence 

-  segment in x-y plane…digitize in time for z ‘segmentation’ 
-  total charge (photons) provides energy measurement 

Readout Schematic 

xenon region 

electroluminescence region 



XEP Pressure Vessel (10 bar) at Carleton 

-  vacuum/gas systems being installed 

-  final TPC components being fabricated 

-  electronics and HV supplies ready 

-  commission systems in 2 months 

-  initial detector testing with UV source 

-  commence TPC operations 



Electroluminescence Tests 

PMT  PMT  

€ 

dNγ =140 E / p −1( )pdx

TPB coated windows 

-  two-channel detector 
-  241Am alpha source 
-  wavelength shift UV photons 
  to optical 



Sample Data Traces 

scintillation 

electroluminescence 

onset time 

volts 



Energy Resolution vs ΔV 

~0.8% resolution 



Ba Tag - Ion Transport 
-  efficient Ba tag would eliminate all non ββ background  
-  in-situ tag looks challenging 
-  instead, transport ion to low-pressure region for ID 
-  ‘commonly’ carried out for radioactive ion transport  

TPC at 10 bar       low pressure           vacuum             Ba ID 



Ba ID Techniques 
•  Ba+ simple electronic structure 
•  excite with blue light and look for red  

convert Ba++ to Ba+ and then trap and identify spectroscopically 



Summary 
•  EXO-200 

–  first measurement of 2νββ for 136Xe 
–  0νββ results coming soon 

•  Gas-phase XEP work 
–  0.8 % energy resolution @ 5.5 MeV achieved with EL 
–  experience with single-channel CsI photocathode detecting 

EL photons 
–  commission 10-bar TPC this spring 
–  ~1 year to optimize and evaluate detector potential 

E resolution and tracking (background suppression) 

•  Build Complete Gas-phase barium tag 

•  Develop Large-Scale (multi-tonne) Detector 
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Extra Slides 



EXO-200: Energy scale"

•  Calibrated single and multiple cluster peaks across energy region of interest, 511 to 
2615 keV (uncertainty bands are systematic)"
•  Point-like depositions have large reconstructed energies due to induction effects"

- observed for pair-production events (similar to β and ββ decays)"
-  reproduced in simulation"

•  Peak widths are also recorded, and their dependence on energy is parameterized"

Charge only!



4.5 μBq kg-1"

~1 per hour  "

T1/2 = 3.8 d"

EXO-200: Radon"

The 214Bi decay rate is consistent with measurements from alpha-spectroscopy 
and the expected Rn background with no Rn trap."



• 	
  Inves'gate	
  alpha	
  spectrum	
  for	
  scin'lla'on	
  signals	
  from	
  238U	
  
• 	
  Calibrate	
  spectrum	
  with	
  alphas	
  in	
  Rn	
  chain	
  
• 	
  Can	
  constrain	
  contamina'on	
  of	
  238U	
  in	
  bulk	
  LXe	
  by	
  searching	
  for	
  4.5	
  MeV	
  alphas	
  

<	
  0.3	
  counts	
  per	
  day	
  in	
  our	
  fiducial	
  volume	
  
-­‐ The	
  same	
  limit	
  applies	
  to	
  its	
  daughter	
  234mPa	
  which	
  β	
  decays	
  with	
  a	
  Q-­‐value	
  of	
  2195	
  
keV,	
  which	
  cannot	
  then	
  explain	
  our	
  LXe	
  bulk	
  signal	
  

EXO-200: Alpha spectroscopy 



Single Channel CsI Detector 



Xenon Side 



CsI Side 




