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Search for 0νββ decay

• Neutrinos are Majorana Particles
• Demonstration of Lepton number 

violation

Current half-life limit:
>1.9x1025 yr(90% CL) EXO200
>1.07x1026 yr (90%CL) KamLAND-Zen

EXO200 Nature 2014

Basics requirement:
Low background, Large mass,
Good energy resolution, Good back ground rejection
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Tone scale LXe TPC
Advantage of Xe:
Easy to enrich: can be enriched to 
80% relatively easily (better than 
growing crystals)
Easy to build Tone scale detector: 
Liquid, high density 3g/cm3

Low background 136Xe: 
Can be purified continuously, no 
long-life radioactive isotopes, 
Background rejection potentially by 
Ba++tagging

Advantage of TPC:
3D event reconstruction:
self shielding, SS selection and MS 
rejection
Energy resolution:using scintillation 
and charge anti-correlation

TPC: 3D event reconstruction

Tone scale is Critical for background rejection 4



Next Generation: nEXO
Detector concept design:
•5 t liquid xenon TPC 
•Possible location in SNOLab CryoPit (6010 
mwe)
•SiPM for light detection
•Tiles for charge read out
•3D event reconstruction
•Expected Energy Resolution of 1% at Q-value

EXO-200: 200kg liquid-Xe TPC  

nEXO: 5-ton liquid Xe TPC with Ba 
tagging option (SNO lab cryopit)
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Charge tiles

energy spectrum from an internal 207Bi 
source ionization only 

•10 x 10cm2Prototype Tile

•Metallized strips on fused silica substrate

•60 orthogonal channels (30 x 30)

•3mm strip pitch

•Strip intersections isolated with SiO2layer

•Currently testing in LXe with a 207Bi source
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Charge readout

Series readout Low number of connections

LAr read out for nEXO
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SiPM

Large area, order of 4 m2
• Analog readout of SiPMs

• 3D SiPM readout

VUV sensitive SiPMs

84 mm x 84 mm tiles

24 ladder staves

30 tiles per stave 

• Hamamatsu produces devices with QE= 
~12% @ 175nm 

• FBK “RGB” devices reach 15% QE with 
7.7x7.7mm2.
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Cooling options

• Thermosiphons with LN2 for the HFE

• Circulating cold HFE with pumps

• Thermosiphon directly on Xenon

• Hybrid solution

Total cold heat from RT to 165K: 7.25e9 J
32T HFE, 5T Xenon, cryostat

9



Background vs signal

nEXO, 5 yr data, 0νββ @ T1/2=6.6x1027 yr, projected 
backgrounds from subsets of the total volume
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Sensitivity

 a half life sensitivity of > 5 x 1027 years 
 cover the inverted neutrino mass hierarchy with 5 years of data
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Summary

• nEXO is the next Generation 0νββ experiment
5 tonne enriched LXe, 3D homogenous TPC, charge and light signal channels

• nEXO will allow for the full probing of the inverted 
mass hierarchy 

• Lots of R&D work are underway

12



University of Alabama, Tuscaloosa AL, USA — T Didberidze, M Hughes, A Piepke, R Tsang

University of Bern, Switzerland — J-L Vuilleumier

Brookhaven National Laboratory, Upton NY, USA — M Chiu, G De Geronimo, S Li, V Radeka, T Rao, G Smith, T Tsang, B Yu

California Institute of Technology, Pasadena CA, USA — P Vogel

Carleton University, Ottawa ON, Canada — I Badhrees, Y Baribeau, M Bowcock, M Dunford, M Facina,

R Gornea, K Graham, P Gravelle, R Killick, T Koffas, C Licciardi, K McFarlane, R Schnarr, D Sinclair

Colorado State University, Fort Collins CO, USA — C Chambers, A Craycraft, W Fairbank Jr, T Walton

Drexel University, Philadelphia PA, USA — E Callaghan, MJ Dolinski, YH Lin, E Smith, Y-R Yen

Duke University, Durham NC, USA — PS Barbeau, G Swift

University of Erlangen-Nuremberg, Erlangen, Germany — G Anton, R Bayerlein, J Hoessl, P Hufschmidt, A Jamil, T Michel, T Ziegler

IBS Center for Underground Physics, Daejeon, South Korea — DS Leonard

IHEP Beijing, People’s Republic of China — G Cao, W Cen, X Jiang, H Li, Z Ning, X Sun, T Tolba, W Wei, L Wen, W Wu, J Zhao

ITEP Moscow, Russia — V Belov, A Burenkov, A Karelin, A Kobyakin, A Kuchenkov, V Stekhanov, O Zeldovich

University of Illinois, Urbana-Champaign IL, USA — D Beck, M Coon, S Li, L Yang

Indiana University, Bloomington IN, USA — JB Albert, S Daugherty, TN Johnson, LJ Kaufman, G Visser, J Zettlemoyer

University of California, Irvine, Irvine CA, USA — M Moe

Laurentian University, Sudbury ON, Canada — B Cleveland, A Der Mesrobian-Kabakian, J Farine, U Wichoski

Lawrence Livermore National Laboratory, Livermore CA, USA — O Alford, J Brodsky,

M Heffner, G Holtmeier, A House, M Johnson, S Sangiorgio

University of Massachusetts, Amherst MA, USA —S Feyzbakhsh, S Johnston, M Negus, A Pocar

McGill University, Montreal QC, Canada — T Brunner , K Murray

Oak Ridge National Laboratory, Oak Ridge TN, USA — L Fabris, D Hornback, RJ Newby, K Ziock

Pacific Northwest National Laboratory, Richland, WA, USA — EW Hoppe, JL Orrell

Rensselaer Polytechnic Institute, Troy NY, USA — E Brown, K Odgers

SLAC National Accelerator Laboratory, Menlo Park CA, USA — J Dalmasson, T Daniels, S Delaquis,

G Haller, R Herbst, M Kwiatkowski, A Odian, M Oriunno, B Mong, PC Rowson, K Skarpaas

University of South Dakota, Vermillion SD, USA — J Daughhetee, R MacLellan

Stanford University, Stanford CA, USA — R DeVoe, D Fudenberg, G Gratta, M Jewell, S Kravitz,

D Moore, I Ostrovskiy, A Schubert, M Weber

Stony Brook University, SUNY, Stony Brook, NY, USA — K Kumar, O Njoya, M Tarka

Technical University of Munich, Garching, Germany — P Fierlinger, M Marino

TRIUMF, Vancouver BC, Canada — J Dilling, P Gumplinger, R Krücken, F Retière, V Strickland

T
h
e
 n

E
X
O

 C
o
ll
a
b
o
ra

ti
o
n
  

  
  

 

Thank you
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