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Double beta decay motivation
(in one slide)
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[P. Vogel,  arXiv:hep-ph/0611243]

Observation means discovery of:
• Majorana fermion
• Neutrino mass scale
• Lepton number violation (SM)



1.3m drift

EXO-200 and nEXO

46 
cm

EXO200:
• ~175 kg LXe
• Final Sensitivity: 

T1/2 5E25yr

nEXO
• ~5000 kg LXe
• Sensitivity goal:

T1/2 1E28yr @90% C.L.
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(roughly to scale)



LXe TPC 

EXO200 Th228 Calibration Data EXO200 Th228 Calibration Data
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• Readout prompt light and drifted charge
• Combine both signals with correct 

anticorrelation coefficient to get best  
energy estimate

• Charge/Light ratio allow β/α discrimination
• Determine multiplicity with charge 

clustering (β/γ discrimination)
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• “Simulation of charge readout with segmented tiles in nEXO” 
arXiv:1907.07512 (July 2019)

• “nEXO pCDR” arXiv:1805.11142 (May 2018)

• "Sensitivity and Discovery Potential of nEXO to 0νββ decay“ Phys. 
Rev. C 97 (2018) 065503. 

• "Characterization of the Hamamatsu VUV4 MPPCs for nEXO” 
arXiv:1903.03663, to appear in Nucl Inst Meth A 

• "Study of Silicon Photomultiplier Performance in External Electric 
Fields“ JINST 13 (2018) T09006 

• “VUV-sensitive Silicon Photomultipliers for Xe Scintillation Light 
Detection in nEXO” IEEE Trans NS 65 (2018) 2823

• "Characterization of an Ionization Readout Tile for nEXO“ J.Inst. 13 
P01006 (2018)

• "Characterization of Silicon Photomultipliers for nEXO“ IEEE Trans. 
NS 62, 1825 (2015)

• “Imaging individual Ba atoms in solid xenon for barium tagging in 
nEXO” Nature 569 (2019) 203 (Not nEXO baseline)

nEXO papers describing the detector, sensitivity, and R&D



Main technical changes on the 
EXO-200 theme

• One drift region
• Silica substrate charge collection tiles
• VUV SiPMs (~4.5m2)
• ASIC electronics in LXe
• Minimize plastics in the TPC (>10ms purity)

Goal 1% energy resolution @Qββ

Prototype charge collection tile

Prototype VUV SiPM array (FBK)

~6cm
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The power of a monolithic detector

• Outer region measures background
• Inner region is shielded and nearly background free
• Fit exploits distributions of backgrounds and signals

7

5.7E27 yr



Pulse shape is unusual, because of the 

absence of a shielding grid.

However, excellent charge only energy 

resolutions has been achieved.

Charge collection tiles

Max metallization cover with min 

capacitance:

• 80 fF at crossings

• 0.86 pF between adjacent strips

With 1/sqrt(E) scaling that’s 2.6% at Qββ and 1kV/cm field
8
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SiPM VUV devices
After the first round of R&D, some 1cm2 VUV devices now 
match our desired properties, with a bias of ~30V 

nEXO Scintillation Light Detection Goals:
• 20% Photon Transport Efficiency (not a prop of SiPM)
• 15% Photon Detection Efficiency
• <20% additional avalanches within 1us



ASICs in LXe

• Cryogenic ASIC for nEXO (and DUNE)
• Shapes and digitizes 64 channels
• Goal: <200e- noise
• Analog input has in-situ programmable 

shaper and gain on each channel
• First batch of ASICs being characterized 

now, including cryogenic tests

Through Vias

Charge Tile w/ 
ASIC Concept
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State of Backgrounds

Ge

45.3%

• Actual materials available and assayed
• some from EXO-200, some new 

• nEXO geometry simulated in Geant4 
to determine energy depositions 

• Reconstruction algorithms based on 
EXO200 and R&D (and continue to improve)

Assay Techniques Used

Inner 2T
Qββ ±FWHM/2
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nEXO Sensitivity Projections

- gA= gA
free=-1.2723

- Band is the envelope of NME:
EDF: T.R. Rodríguez and G. Martínez-Pinedo, PRL 105, 252503 (2010)
ISM: J. Menendez et al., Nucl Phys A 818, 139 (2009)
IBM-2: J. Barea, J. Kotila, and F. Iachello, PRC 91, 034304 (2015)
QRPA: F. Šimkovic et al., PRC 87 045501 (2013)
SkyrmeQRPA: M.T. Mustonen and J. Engel PRC 87 064302 (2013)12



nEXO Barium Tagging 

  eBaXe 2136136

Xe only
Scan #1 Scan #2Add Xe+Ba Scan #3 Scan #4

150s 
bleaching

Demonstrated single Ba atom detection in SXe!
Grabbing from detector and detecting on a probe somewhere still work in progress

Removes backgrounds other than 2νββ

not nEXO baseline, but possibly a future upgrade
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Sensitivity vs backgrounds
Asymptotic sensitivity
for a potential upgrade
using Ba tagging
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Charge collection tile studies

• Studying pitch effect on sensitivity
• Also, using new DNN/BDT reconstruction shows improved 

sensitivity over traditional reconstruction
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“Simulation of charge readout with segmented tiles in 
nEXO” arXiv:1907.07512 (July 2019)



Sensitivity paper BG fit
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