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Neutrinoless*Double*Beta*Decay*

•  Are*neutrinos*Majorana*or*Dirac*
parNcles?*
–  Are*they*their*own*anNZparNcles?*

•  In*double*beta*decay,*a*nucleus*
releases*two*electrons*and*two*
anNneutrinos:*

(A,*Z)*→*(A,*Z*+*2)*+*2eZ*+*2νe*
•  If*neutrinos*are*Majorana,*

someNmes*neutrinoless*double*
beta*decay*occurs:*

(A,*Z)*→*(A,*Z*+*2)*+*2eZ*

Detec6on$of$neutrinoless





Neutrinoless*Double*Beta*Decay*in*SNO+*

*********Simulated*SNO+*data*

–  Signal*at*Klapdor*level*
–  2.4*liveZyears*of*data*
–  50%*fiducial*volume*
–  BorexinoZlevel*backgrounds*

•  214Bi*99.9%*rejecNon*

•  208Tl*90%*rejecNon*

Klapdor$claim$

Expected$SNO+$Sensi6vity$

Loading*neodymium*into*the*SNO+*scinNllator*
gives*140kg*150Nd*at*0.3%*loading*of*natural*

neodymium*(limited*by*opNcs).*





ββ



ββ*Isotopes*with*QZvalues*>2*MeV*

isotope Q-value 
[MeV] 

natural 
abundance 

48Ca 4.27 0.19% 
150Nd 3.37 5.6% 
96Zr 3.35 
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TeZLoaded*“ScinNllators”*



TeZLoaded*ScinNllator*

SNO+!has!developed!stable!TeDloaded!LAB!with!good!op,cal!
proper,es!at!percentDlevel!loading.!



TeZLoaded*ScinNllator*

Intrinsic*light*yield*of*TeZLS*is*good*
(berer*than*NdZLS)*

•  No*absorpNon*lines*means*that*the*light*
can*be*shised*out*to*450Z500nm*

•  AbsorpNon*may*be*further*reduced*by*
improvements*in*loading*technique**



Backgrounds*

•  Lower*energy*(2.53*MeV)*endpoint*makes*Te*
suscepNble*to*more*radiogenic*backgrounds*than*Nd
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SNO+*Status*and*Schedule*
•  Current:*ConstrucNon*phase*

–  Install*AV*holdZdown*net*
–  Upgrade*electronics/DAQ*
–  Install*scinNllator*purificaNon*system*
–  Upgrade*calibraNon/covergas*system*
–  Clean*Acrylic*Vessel*

•  Summer*2013:*Begin*water*fill*
–  Buoyant*test*of*holdZdown*net*
–  Study*backgrounds*and*nucleon*decay*

•  Late*2013:*Begin*scinNllator*fill**
–  Study*backgrounds*

•  2014:*Add*DBD*isotope*
•  ~2017:*Remove*isotope,*solar*neutrino*phase*





F02.G.06+$(0'%$+%,$)+-,822%.$8+.$'(%G,%+-)0+%.$

Install*AV*HoldZDown*Net*



F02.G.06+$(0'%$+%,$)+-,822%.$8+.$'(%G,%+-)0+%.$

Install*AV*HoldZDown*Net*



F02.G.06+$(0'%$+%,$)+-,822%.$8+.$'(%G,%+-)0+%.$

Install*AV*HoldZDown*Net*





Electronics/DAQ*Upgrades*

QR)($S)22T$(3++)+/$,0$,%-,$8+.$)+,%/(8,%$+%6$!RU$8+.$V2%9,(0+)9-"$





CalibraNon/Covergas*System*Upgrade*

?%82%.$90=%(/8-$-1-,%*$6),>$%&'8+.872%$78/-$;0($'(%--3(%$
%Y382)Z840+"$R)(209:-$;0($982)7(840+$-03(9%$.%'201*%+,"$



CalibraNon/Covergas*System*Upgrade*

[+.%(68,%($98*%(8-$\$2)/>,-$;0($-03(9%$'0-)40+$*%8-3(%*%+,-$
\$R]$*0+),0()+/"$S)7%($0'49-$;0($^O<$982)7(840+-"$

View#from#New#Internal#CCD#Camera#System#photo*from*newly*installed*
calibraNon*camera!*



_0,84+/$28..%($;0($206%($>%*)-'>%(%$
View#from#New#Internal#CCD#Camera#System#

Acrylic*Vessel*Cleaning*



?3-'%+.%.$'28`0(*$,0$(%89>$3''%($>%*)-'>%(%$

Acrylic*Vessel*Cleaning*





a3((%+,21$Ibc$0;$68,%($)+$,>%$70d0*$0;$98=),1"$F02.$,>)-$2%=%2$,0$
9)(9328,%$8+.$'3();15$9>%9:$+%6$H00($2)+%($;0($2%8:-"$$

<>%+5$0+$,0$68,%($e225$-9)+4228,0($e225$8+.$.0372%$7%,8$.%981f$

Water*Fill*Underway*


