
Alex%Wright%
Institute%of%Particle%Physics/Queen’s%University%
BLV%2015%
April%29%2015%



!  Double%beta%decay%
experiments%require%high%
mass,%good%energy%
resolution,%and%low%
backgrounds%

!  Liquid%scintillator%based%
solar%and%reactor%neutrino%
experiments%have%
!  KilotonneMscale%masses%
!  Good%energy%resolution%(few%

%)%
!  Very%low%backgrounds%(<10M5/

keV/kg/yr)%%
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!  Raghavan,%1994:%If%double%
beta%decay%isotope%can%be%
added%to%one%of%these%
liquid%scintillator%
experiments%without%
degrading%light%yield%or%
purity,%a%sensitive%double%
beta%decay%search%could%
be%carried%out%

R.S.%Raghavan%PRL%72:1411%(1994)%
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Large&mass&and&extremely&low&background&compensates&for&
relatively&modest&energy&resolution&&



!  In%addition:%
!  Fiducialization%to%suppress%

external%and%“surface”%
backgrounds%

!  High%efficiency%for%rejecting%
muon%follower%and%delayedM
coincidence%backgrounds%

!  Pulse%shape%discrimination%
(both%alphas%and%positrons)%

!  Source%in/source%out%
capability%

!  Possibility%of%reMpurifying%in&
situ&

!  Possibility%of%deploying%
multiple%sources%
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!  Currently%two%liquid%
scintillator%based%DBD%
experiments:%
!  KamLANDMZen%
!  SNO+%

!  Plus%future%prospects%
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Slides%(modified)%from%%Kunio%Inoue%and%Itaru%Shimizu%(Neutrino2014)%

!  Double%beta%decay%search%
using%the%KamLAND%detector%
(designed%for%reactor%antiM
neutrino%studies)%

!  “Inner%balloon”%deployed%
inside%the%detector%and%filled%
with%LS%loaded%with%136Xe%%









Image courtesy National Geographic 

•  SNO$heavy$water$
replaced$by$780$tonnes$
of$liquid$scin<llator$

•  ~9500$PMTs$
•  1700$+$5700$tonnes$
ultraEpure$water$
shielding$

•  New$rope$net$to$hold$
down$the$6m$radius$
acrylic$vessel$

•  6800’$underground$in$
SNOLAB$



Load$Tellurium$into$the$SNO+$Scin<llator$
•  Stable$loading$of$aqueous$Te(OH)6$in$SNO+$scin<llator$with$good$

op<cal$proper<es$achieved$by$BNL$
•  780$tonne$detector$and$high$130Te$isotopic$abundance$gives$large$

isotope$mass$
–  0.3$–$0.5%$Te$(by$weight)$in$SNO+$Phase$I$is$2.34$–$3.9$tonnes$of$Te$or$$
!!!!!800!–!1333!kg$of$130Te$
–  PercentElevel$loading$is$feasible$

•  3%$Te$in$SNO+$Phase$II$would$give$8!tonnes!of$130Te$!

LAB!scin3llator!with!different!Te!loading!

0.3%$ 0.5%$ 1%$ 3%$ 5%$



SNO+$Phase$I$
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•  Scin<llator$running$
begins$midE2016$
– Measure$most$
background$

– Verify$detector$
response$models$

•  0.3%$Te$loading$
begins$early$2017$
–  Stringent$0νββ limits for 

130Te!
•  T1/2>9.4x1025 y (90% CL)!
•  3σ detection at T1/2= 

6.9x1025 y ! !!
–  Verify purification 

techniques!



450 pe/MeV!
x10 isotope!

•  3% loading of Te (already demonstrated)!
•  Plug-in replacement of SNO+ PMTs with R5912-HQEs more than 

doubles light yield for phase II !
      Additional wavelength-shifter/loading R&D could further improve 

this!
•  Containment bag could reduce amount of isotope, improve 

cleanliness!
Can leverage KamLAND-Zen and BOREXINO knowledge!

SNO+$Phase$II$

T1/2 > 7x1026 y (90% CL)!
3σ detection for !
T1/2> 4x1026 y!



Probing$the$Normal$Hierarchy$
•  “First$order$extrapola<on”$

suggests$that$TeELS$based$
experiments$might$allow$the$
normal$hierarchy$to$be$
studied$
–  Develop$>10%$isotope$loading$

techniques$with$good$light$
yield$and$transparency$

•  ~10x$loading$increase$from$
current$technology$

•  Current$HQE$PMTs$could$give$
sufficient$light$yield$with$high$
coverage$

–  Internal$backgrounds$assumed$
to$be$less$than$the$8B$neutrino$
rate$

•  <10x$cleaner$than$SNO+$
phaseEI$targets$

–  Systema<c$uncertain<es$on$
the$backgrounds$in$the$ROI$
will$be$cri<cal!$

How!much!130Te!is!needed!to!
Reach!mββ<2.5meV?!

S.$Biller,$PRD$87:071301R$(2013)$

1000$p.e./MeV$

1500$p.e./MeV$

2000$p.e./MeV$
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!  The%large%mass%and%low%
background%achievable%in%
liquid%scintillator%detectors%
make%them%useful%for%
staging%searches%for%
neutrinoless%double%beta%
decay%

!  KamLANDMZen%already%has%
leading%sensitivity,%SNO+%to%
come%online%soon%
!  Both%experiments%have%

proposed%paths%that%cover%the%
inverted%hierarchy%region%

!  Future%projects%may%be%able%
probe%the%normal%hierarchy.%


