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 Double beta decay (briefly) 

 EXO-200 (R&D and current status) 

 First physics result from EXO-200, observation 

of the 136Xe 2νββ. 
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This process can only occur 

for a Majorana neutrino! 

mn ≠ 0, ν = ν 

M.Goeppert-Mayer, 

Phys. Rev. 48 

(1935) 512 

n 0n 
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Some candidate nuclei: 76Ge, 82Se, 100Mo, 130Te, 136Xe 

Atomic number (Z) 

a second-order process only 
detectable  
if first order beta decay is 
energetically forbidden 
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2νββ spectrum 
(normalized to 1) 

0νββ peak (5% FWHM) 
(normalized to 10-6) 

Summed electron energy in units of the kinematic endpoint (Q) 

The two can be separated in a detector with 
good energy resolution 

0νββ peak (5% FWHM) 
(normalized to 10-2) 
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 EXO is a multi-phase program to search for the neutrinoless 
double beta decay of 136Xe.   
 

EXO-200 (first phase): 

•  A 200 kg liquid xenon detector currently operating underground 

•  Probe Majorana neutrino mass at 100-200 meV range  

•  Demonstrate technical feasibility of ton scale experiment    

 

Full EXO (second phase):  

       A proposed 1- 10 ton liquid or gas xenon detector 

       Probe Majorana neutrino mass at 5 – 30 meV range 

       R&D work for novel techniques for background suppression and 
energy resolution in progress 
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 Xenon isotopic enrichment is easier.   Xe is already a gas & Xe136 is the 
heaviest isotope. 

 

 Xenon is “reusable”.  Can be repurified & recycled into new detector (no 
crystal growth).  

 

 Monolithic detector.  LXe is self shielding, surface contamination 
minimized.  

 

       Minimal cosmogenic activation.  No long lived radioactive isotopes of Xe. 

 

       Energy resolution in LXe can be improved. Scintillation light/ionization 
correlation. 

 

       … admits a novel coincidence technique. Background reduction by Ba 
daughter tagging. 
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EXO collaboration currently have 200 kg of 
xenon enriched to 80% = 160 kg of 136Xe 

Enriched xenon storage bottles for EXO 

RGA mass scan of xenon samples 

Centrifuge facility in Russia 
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• Two TPC modules with common cathode in the middle. 

• APD array observes prompt scintillation for drift time measurement. 

• V-position given by induction signal on shielding grid. 

• U-position and energy given by charge collection grid. 

Simulation of Charge Drift  

v-wires (shielding grid) 

u-wires (energy grid) 

TPC Schematics 

-75kV Charge collection 

e- 

e- 

e- 
e- 

e- 
e- 

e- 
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e- 
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e- 

e- 

Ionization Scintillation 
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• Very light (~1.5mm thin, 
~15kg) to minimize materials 

•Different parts e-beam 
welded together 
• Field TIG weld(s) to seal 
the vessel after assembly 
(TIG technology tested 
for radioactivity) 
• All machining done by in the 
CR-shielded HEPL building) 
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APDs are ideal for our 
application: 
-very clean &  
light-weight, 
-very sensitive to VUV 

 
QE > 1 at 175nm 

 
R. Neilson, et al.  
NIM A 608 (2009) 6875 
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• ~1600 meter water equivalent 
 flat overburden 
• Relatively low levels 
of U and Th 
(<100 ppb in EXO-200 drift) 
• Low levels of Rn (~20 Bq/m3) 
• Rather convenient access  
with large conveyance 
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(High purity HFE7000 fills 
the cryostat  

> 50 cm shielding) 

Enr Lxe: 80.6% 136Xe 
T = 167 K 
P = 147 kPa 
ρ = 3.0 g/cm3 
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● Signal finding – matched filters applied on U,V and APDs waveforms 
● Signal parameter estimation (t, E) for charge and light 
● Cluster finding – assignment to Single Site (SS) or Multiple Site (MS): 
resolution 18mm in X and Y and 6 mm in Z 
 
Amplitudes corrected by channel for gain variation 
Signal fitting functions use individual parameters for each channel 
Optimized light correction using charge position 
Charge corrected for inefficiency on small drift 
Require events to be fully reconstructed in 3D 
 
Reconstruction efficiency for 0νββ is 71% – estimated by 
MC and verified by comparing the 2νββ MC efficiency with 
low background data, over a broad range in energy 
 
SS and MS spectra are fitted simultaneously with MC-generated 
probability density functions 
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Ionization alone: 3.8% @ 570 keV or 1.8 % @ Q() 

Ionization & Scintillation: 3.0% @ 570 keV or 1.4 % @ Q() 
E.Conti et al., Phys. Rev. B 68 054201 (2003) 
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Properties of xenon cause increased 
scintillation to be associated with 
decreased ionization (and vice-versa) 
E. Conti et al. Phys. Rev. B 68 (2003) 054201 
Use projection onto a rotated 
axis to determine event energy 

Rotation angle chosen to optimize 
energy resolution at 2615 keV 

Scintillation: 6.8% 
Ionization: 3.4% 
Rotated: 1.6% 
(at 2615 keV gamma line) 

228Th 
source 

SS 

cutting this region 
removes α particles 
and events with 
imperfect charge 
collection 
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 Multi site (MS) and single site (SS) data (black points) are compared 
to model (blue curve) 

 Single site fraction agrees to within 8.5% 

 Can measure source activities to within 9.4% 

228Th 60Co 
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Using quadratic model 
for energy calibration, 
single- and multi-site 
residual are < 0.1% 

 
Energy resolution 
model: 

 
 
Resolution 
dominated 
by constant (noise) 
term p1 

 
 

At Qββ (2458 keV): 
σ/Ε = 1.67 % (SS) 
σ/Ε = 1.84 % (MS) 
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  Trigger fully efficient above 700 

keV 

  Low background run livetime: 

120.7 days 

  Active mass: 98.5 kg LXe (79.4 

kg 136LXe)  

  Exposure: 32.5 kg·yr 

  Total dead time (vetos): 8.6% 

  Various background PDFs fitted 

along with 2n and 0n PDFs 
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1   

R
O
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Profile likelihood fit to 
entire SS and MS 
spectra to extract limits 
for T1/2

0νββ  
 

No 0ν signal 
observed 
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90% C.L. limit compared 

with Recent 136Xe 

constraints  (KamLAND-

ZEN) >2.5 factor 

improvement. 

T
1/2

0n > 1.6·1025 yr 

<m> < 140 – 380 mV 

  (90% C.L.)   

[arXiv:1205.5608]  

KamLAND-Zen Collaboration 
Phys. Rev. C 85 (2012) 045504] 
[H.V. Klapdor-Kleingrothaus et al. 
Eur. Phys. J. A12 (2001) 147] 
[H.V. Klapdor-Kleingrothaus and 
I.V. Krivosheina 
Mod. Phys. Lett., A21 (2006) 1547] 

Tension with discovery 

claim in Ge.  
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T
1/2

0n > 1.9·1025 yr 

combined 

T
1/2

0n > 3.4·1025 yr 

<m> < 120 – 250 mV 

  (90% C.L.)   

[arXiv:1211.3863]  

 

89.5 kg-yr of 136Xe 

 


