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MRS Resources 

•  Carleton, Queen’s, and Victoria have MRS personnel managed 
with the aid of a Prioritization Board  

  see http://www.ipp.ca/sapmrs/index.shtml 

•  these resources are available for the support of any/all SAP 
work across Canada 

•  contact Board chair Tom Mattison to obtain support or local 
managers Kevin Graham (Carleton) Tony Noble (Queen’s) 
Dean Karlen (Victoria) 

•  provide a short description of requested work and approximate 
schedule and FTEs required 



Available Resources 

•  Carleton 
–  Philippe Gravelle (machinist/technician - over 20 years experience with 

particle detector design, fabrication, and assembly) 
–  Yves Baribeau (electronics specialist - 5 years experience at Carleton 

following industry career) 
–  Matt Bowcock and Rodney Schnarr (designers - combined 12 years 

experience at Carleton developing designs for various experiments) 

•  Queen’s 
–  Dave Bearse (fabrication of ultralow-background acrylic chambers and 

lightguides, acrylic bonding,  and radon emanation assays)  
–  Phil Harvey (hardware control and programming robotic devices and 

instruments, software for data acquisition and visualization software) 

•  Victoria 
–  Paul Poffenberger (detector technologist - PhD physicist with over 20 years 

experience in detector simulation, design, assembly, testing, and data 
acquisition) 
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Neutrinoless Double Beta Decay 
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are neutrinos Majorana particles ? 

ΔL=2 lepton number violation? 

neutrino mass scale 

neutrino mass hierarchy 

mββ = |∑i Uei ²  mi | 



Xenon ~2.5 MeV 

Double Beta Decay of 136Xe 

- search for excess of events at sum energy of the electrons ~2.5 MeV 
- key is to have extremely low backgrounds in that energy range 

136Xe → Ba++ + 2e- + (2ν) 



EXO Program 

•  EXO-200 
–  upgrade electronics and install de-radonator 
–  continue physics for ~2 years 
–  update 0nbb analysis and complete other physics searches 

•  nEXO 
–  developing next generation 5-tonne detector 
–  liquid-phase with improved detector response 
–  pursuing SNOLAB cryopit as host site 

•  Barium tagging 
–  continuing to pursue both gas and liquid phase options 
–  laser spectroscopic tag suitable for either case 
–  challenge to demonstrate efficient extraction from detector 



EXO-200 at WIPP 



EXO-200 Detector 
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Figure 2. Cutaway view of the EXO-200 setup, with the primary subassemblies identified.

The outermost shielding layer, outside the outer vessel of the cryostat, consists of 25 cm of
lead. The low-noise front end electronics are located outside of the lead shielding and are connected
to the detector through thin polyimide cables. This choice trades some increased noise for the
simplicity and accessibility of room temperature, conventional construction electronics.

A cosmic-ray veto counter made of plastic scintillators surrounds the cleanroom housing the
rest of the detector. EXO-200 is located at a depth of 1585 m water equivalent [21] in the Waste
Isolation Pilot Plant (WIPP) near Carlsbad, New Mexico (32�22’30”N 103�47’34”W).

2.2 Design sensitivity and estimated backgrounds

While the measured performance of EXO-200 utilizing substantial low-background and calibration
data sets will be the subject of a future paper, here we provide sensitivity figures assuming design
parameters for the detector performance and background. Initial data taking roughly confirms the
validity of such parameters. Using the expected energy resolution of sE/E = 1.6% at the 136Xe
end point, EXO-200 was designed to reach a sensitivity of T 0nbb

1/2 = 6.4⇥ 1025 yr (90% C.L.) in
two years of live time, should the 0nbb decay be beyond reach. 0nbb decay is defined by a
±2s window around the end-point and 40 background events are expected to accumulate in such
a window in two years. This estimate was made using a fiducial mass of 140 kg (200 kg with 70%
efficiency), while the final detector design has 110 kg of active Xe, requiring a longer time to reach
the same sensitivity. The T1/2 limit above corresponds to a 90% C.L. Majorana mass sensitivity of
109 meV (135 meV) using the QRPA [22] (NSM [23]) matrix element calculation.
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•  Measure both ionization (wires) and scintillation (APDs) 
•  Event energy from the combination of ionization and scintillation 
•  reject some gamma backgrounds because Compton scattering results in multiple 

energy deposits 

-8kV	
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Detector Construction                                 

Figure 1. Cutaway view of the EXO-200 TPC with the main components identified.

EXO-200 uses the xenon as both source and detector in a homogeneous, liquid phase TPC [11]. At
the operating temperature (167 K) and pressure (147 kPa) the liquid xenon (LXe) has a density of
3.0 g/cm3 [12]. The xenon for EXO-200 is enriched to 80.6% in the isotope 136Xe.

In order to minimize the surface-to-volume ratio while maintaining a practical geometry, the
detector is a double TPC, having the shape of a square cylinder with a cathode grid held at negative
high voltage at the mid plane. The signal readout is performed at each base of the cylinder, near
ground potential. Of the 200 kg of enriched xenon available, 175 kg are in liquid phase, and 110 kg
are in the active volume of the detector. A cutaway view of the TPC is shown in Figure 1.

Two considerations were central in designing the detector: the need for good energy resolution
at the double beta decay decay Q-value of 2457.8 keV [13], and the requirement to achieve exceed-
ingly low backgrounds. Early R&D performed by the EXO collaboration [14] showed that the
energy resolution in LXe can be substantially improved by using an appropriate linear combination
of ionization and scintillation as the energy estimator. This technique was subsequently used in
other contexts [15]. In EXO-200 both the ionization and the scintillation signals are recorded.
Charge is collected at each end of the TPC by wire planes, held at virtual ground, while the
178 nm-wavelength scintillation light is collected by two arrays of large area avalanche photo-

– 3 –
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TPC Deployment 



Calibration System 
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Background Rejection 

18 

22
8 T

h 
C

al
ib

ra
tio

n 
S

ou
rc

e 
Lo

w
 B

ac
kg

ro
un

d 
D

at
a 

Single Site (SS) Multiple Site (MS) 

�Ȟȕȕ 

Tracking: 
an essential tool to identify and suppress backgrounds 

G.Gratta, 9 Jun 2014 DoE Briefing, nEXO 



2νββ Update Paper 

" " " "2νββ   T1/2 = (2.172 ± 0.017 stat ± 0.06 sys) x 1021 yr "



Updated 0νββ Dataset 

" " " "2νββ   T1/2 = (2.172 ± 0.017 stat ± 0.06 sys) x 1021 yr "

M.G. Marino 6 June 2014, Nu 201412

Accumulation of “Golden” data  
447.60 ± 0.01 days livetime 
(100 kg⋅yr, 736 mol⋅yr 136Xe 

exposure) 
(6 Oct 2011- 1 Sep 2013)

(12 June 2014, online 4 June)!
doi:10.1038/nature13432

Recent results (Run 2)



0νββ Search Update 

M.G. Marino 6 June 2014, Nu 201421

From profile likelihood:!
!

T1/2
0νββ > 1.1·1025 yr 

�mββ�< 190 – 450 meV  . 
(90% C.L.) 

!
Nature (2014) !

doi:10.1038/nature13432

Looking for 0νββ
Backgrounds in ± 2σ 

ROI
Th-228 chain 16.0

U-232 chain 8.1

Xe-137 7.0

Total 31.1 ± 3.8



Publications 

•  Search for majorana Neutrinos with the first two years of EXO-200 data, Nature 510 (2014) 229–234 
•  An improved measurement of the 2 half-life of 136Xe with EXO-200, Phys.Rev. C89 (2014) 015502 

•  Search for Neutrinoless Double-Beta Decay in 136Xe with EXO-200 Phys. Rev. Lett. 109 (2012) 032505  
•  The EXO-200 detector, part I: Detector design and construction JINST 7 (2012) P05010  
•  Xenon purity analysis for EXO-200 via mass spectrometry Nucl .Instrum. Meth. A675 (2012) 40-46  
•  Observation of two-neutrino double-beta decay in Xe-136 with EXO-20 Phys. Rev. Lett. 107 (2011) 212501  
•  A xenon gas purity monitor for EXO Nucl. Instrum. Meth. A659 (2011) 215-228  
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•  A microfabricated sensor for thin dielectric layers Rev. Sci. Instrum. 79, 045101 (2008)  
•  Systematic study of trace radioactive impurities in candidate construction materials for EXO-200 

Nucl.Instrum.Meth.A591 (2008)  
•  A liquid xenon ionization chamber in an all-fluoropolymer vessel Nucl.Instrum.Meth.A578 (2007)  
•  A linear RFQ ion trap for the Enriched Xenon Observatory Nucl.Instrum.Meth.A578 (2007)  
•  Observation of single collisionally cooled trapped ions in a buffer gas. Phys. Rev. A 76, 023404 (2007)  
•  Mobility of thorium ions in liquid xenon Nucl.Instrum.Meth.A555 (2005)  
•  Correlated Fluctuations between Luminescence and Ionization in Liquid Xenon Phys. Rev. B 68 (2003)  
•  Detection of very small Neutrino Masses in double-beta decay using laser tagging 

Phys. Lett. B 480, 12 (2000)  



nEXO Plan 

G.Gratta, 9 Jun 2014 11 
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Flexible program based on  the initial nEXO investment 

DoE Briefing, nEXO 



Organization for nEXO R&D Phase 

nEXO Project Office
M. Heffner, A. House, K. 

Fouts

7. Vessels
A. House

10.  Integration & 
Interfaces
A. House

Facility Interfaces
SNOlab

D. Fraser6. Fluids and Cryogenics
M. Dolinski

1. TPC
A. Pocar

2. Photodetector
F. Retiere

3. Readout Electronics
L. Yang
L. Fabris

4. HV R&D
P. Rowson

8. Radiopurity
A. Piepke

5. Calibration
K. Kumar

9. Detector 
Simulations
K. Graham

nEXO RD Org chart v7 no L3.vsd
6/8/2014

Executive CouncilSpokesperson
G. Gratta

DOE Program Manager
A. Stone

Other funding 
agencies

Collaboration 
Board

•  collaboration is growing 
•  Canadians in several key positions 



nEXO Detector Concept 

nEXO NSAC subcommittee, Washington 24 Feb 2014 42

Preliminary artist view of nEXO in the SNOlab Cryopit

Ø13 m

14 m

nEXO NSAC subcommittee, Washington 24 Feb 2014 47

Signal lines with 
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converter

HFE inlet

HFE out

Xe line out

Xe line inlet

HV feedthrough

Detail of the cryostat concept



nEXO Sensitivity 

nEXO, No Ba-tagging 

nEXO, With Ba-tagging 

Final EXO-200 

EXO-200 (Nature 2014) 



Summary 

–  EXO200 has been a tremendous success 
–  at the forefront of 0νββ effort with many publications 
–  two accidents at WIPP have prevented access…hope to  

 re-enter before fall but timing is uncertain 
–  aim for ~2 additional years of livetime with upgrades 
–  additional R&D operation for nEXO possible beyond that 

–  nEXO design development and R&D well underway 
–  follow EXO-200 success and know where improvements can 

be made 
–  NSAC committee to exist until 2016 followed by down-select 

committee in the following year 


