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0νββ with 136Xe:

• Double Beta decay is the most sensitive probe for the 
Majorana nature of the neutrino.

• Observation of the 0νββ would provide:
• A lepton number violating process for physics 

beyond the standard model.
• Imply the Majorana nature of the neutrino.
• Constrain the absolute mass scale of the neutrino.

If neutrino is Majorana particle, 
decay can proceed without 
emitted neutrinos giving a peak at 
the Q-value.

136Xe → 136Ba++ + 2e- , Q-value 2458 keV
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EXO-200 Detector:
• Radiopure TPC filled with LXe enriched to 80.6%
• Simultaneous measurements of both light and charge: 

• light collection with large avalanche photo-diode (APD) planes.
• charge collection with 2 wire grids (induction and collection on each wire grid set).

• HV is applied between the cathode in the middle of the TPC and anodes placed at each opposing end of the TPC.
• Monolithic detector provides great background rejection capabilities.

Full 3D reconstruction of events
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EXO-200 operations:
EXO-200 is located at the Waste Isolation Pilot Plant (WIPP) in Carlsbad, NM approx. 2,150 ft. 
underground.
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Detector upgrades for Phase II:

• Front-end readout electronics replaced, 
reducing APD readout noise.

• HV raised by 50% from -8kV -> -12kV.
• Energy Resolution:

• Phase I: σ/E(Q) = 1.38%
• Phase II: σ/E(Q) = 1.23%

• System to suppress radon from the air 
gap. (Not removing radon from LXe!)

• Direct air sampling shows radon reduction 
by factor greater than 10.
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Detector Performance:
Energy Resolution:
Use anticorrelation between 
scintillation and ionization energy.

Use rotated energy axis 
to optimize resolution 
in the energy region of 
interest.

Position Discrimination:
Using induction and collection wire grids, categorize single-
site (SS) and multi-site (MS) events giving discrimination 
between γ-like events and β-like events.

• SS fraction approx. 20% 
in energy ROI.

• Calculate “standoff” 
distance (SD) for each 
event where β-like 
events should be more 
evenly distributed 
throughout TPC.

Use light/charge 
ratio to cut α’s 
from β/γ events



7

Spatial distribution of standoff 
distance:

Detector Performance:

• Calculate standoff distance of each event.

• LXe self shielding provides independent 
measurement of γ backgrounds.

• Looking at the distribution of standoff 
distances for each event, β events will be 
more uniformly distributed throughout the 
TPC. (additional discrimination between β/γ)
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Further discrimination between γ’s and β’s:

• Allow further γ-like rejection in SS events 
by looking at cluster size.  

(γ-source)
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Discriminators for fit:
• Energy
• SS/MS

• Standoff Distance

• Number 
of 
channels 
in SS.

• Signal rise times in SS.

BDT Discriminator

• Combine SD, Number of collection channels, 
and Rise time into one variable using Boosted 
decision tree (BDT) machine learning.

• BDT gives approx. 15% sensitivity 
improvement.

• Final fit will be simultaneous 
ML with energy and BDT 
variable trained on SS events.
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Neutron capture and β-decay of 137Xe:
Muons entering the TPC can create neutron showers, yielding neutron capture 
via 136Xe + n -> 137Xe, which then β-decays.

• Can suppress 137Xe β-decay using veto 
panel and de-excitation γ’s information.

• Veto same half of the TPC as the γ for approx. 5 half-lives 
(19.1 min).

• Exposure loss approx. 3%.
• Approx. 25% rejection, Phase-I: 7 -> 4.4 counts.
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Blinded: • Blind analysis. 
• Background model + fit           ML fit.
• Combined phase-I and phase-II profiles. (Total exposure of 177.6 kg yr)

Blinded energy ROI
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Un-blinded: • Blind analysis.
• Background model + fit           ML fit.
• Combined phase-I and phase-II profiles. (Total exposure of 177.6 kg yr)

Un-blinded energy ROI

• No statistical 
excess in 
energy ROI.

• Combined p-
value of 
approx. 1.5σ.
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Results:
• Results show no statistical excess of events in the 

energy ROI with 177.6 kg yr exposure.
• 0νββ sensitivity improved by a factor of 2.

• Independent analysis of phase-I and phase-II.

• EXO-200 scheduled for another 1.5 year of 
data collecting. 

• Continued data collection will improve the 
0νββ sensitivity.
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nEXO at SNOLAB:
• nEXO is a proposed 5000 kg (5 t) next generation LXe TPC. 

• EXO-200 has validated this approach showing good energy 
resolution with anticorrelation between scintillation light and 
ionization charge.

• EXO-200 has demonstrated the power of large homogeneous 
detector giving promise to the detector performance goals of 
nEXO. 

• If tagging of the barium daughter nucleus from ββ-decay can 
be achieved, a virtually background free event measurement 
can be made.
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e

Xe*

• Cold (in LXe) front end 
electronics.

• Spherical carbon fiber cryostat 
(lighter than copper).

• Charge readout pads (anode).

• 4m2 SiPM (high gain) staves 
lining the inside of the barrel.

• Reflective cathode.

• Large single drift volume. (1.3m)

Baseline design for nEXO:

Φ 1.3m

1.3m
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nEXO projected sensitivity and discovery potential:

• Assumes baseline design of:

• Existing materials (radiopure).

• Energy resolution of 1%. (EXO-200 1.2%).

• Improvement of SS/MS discrimination by factor 
of 2. 
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