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Image courtesy National Geographic 

•  SNO(heavy(water(
replaced(by(780(tonnes(
of(liquid(scinPllator(

•  ~9500(PMTs(
•  1700(+(5700(tonnes(
ultraZpure(water(
shielding(

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

•  6800’(underground(in(
SNOLAB(



Neutrinoless(Double(Beta(Decay(

•  Are(neutrinos(Majorana(or(Dirac(
parPcles?(
–  Are(they(their(own(anPZparPcles?(

•  In(double(beta(decay,(a(nucleus(
releases(two(electrons(and(two(
anPneutrinos:(
(A,(Z)(→((A,(Z(+(2)(+(2eZ(+(2νe(

•  If(neutrinos(are(Majorana,(
somePmes(neutrinoless(double(
beta(decay(occurs:(

(A,(Z)(→((A,(Z(+(2)(+(2eZ(

Detec%on(of(neutrinoless(double(beta(decay(proves(that(neutrinos(
are(Majorana(and(provides(informa%on(about(the(neutrino(mass.(



Image from Elliott and Vogel, hep-ph/0202254 

D.B.D.$experiments$need$good$energy$resolu4on,$low$

backgrounds,$and$large$amounts$of$isotope.$

Searching(for(
neutrinoless(double(beta(
decay(involves(looking(
for(a(Pny(monoenergePc(
peak(at(the(end(of(a(

large(double(beta(decay(
conPnuum.(

Neutrinoless(Double(Beta(Decay(



Load(Tellurium(into(the(SNO+(ScinPllator(
•  760(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(
–  PercentZlevel(loading(is(feasible(

•  3%(Te(in(SNO+(Phase(II(would(give(8(tonnes(of(130Te(!
–  Te(cost(would(be(~$15M(

LAB(scin%llator(with(different(Te(loading(

0.3%( 0.5%( 1%( 3%( 5%(



Load(Tellurium(into(the(SNO+(ScinPllator(
•  Very(low(backgrounds(are(
achievable(in(large(liquid(
scinPllator(detectors(
–  The(U(chain(background(
(214BiZ214Po)(in(the(energy(
range(around(the(130Te(
endpoint((2.53(MeV)(can(be(
rejected(by(factor(>5,000(
using(delayed(coincidences(

–  The(2νββ(for(Te(is(relaPvely(
small(

–  External(backgrounds(
controlled(by(fiducializaPon(
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Extremely(low(background(compensates(for(modest(energy(resolu%on.(

If$the$TeLS$is$sufficiently$radiopure,$the$dominant$background$in$SNO+$will$

be$8B$solar$neutrinos.$$Then$sensi4vity$scales$directly$with$Te$loading!$



Tellurium(PurificaPon(

•  Two(main(classes(of(Te(
intrinsic(background:(
–  “Standard”(decay(chains(of(
longZlived(radioisotopes(

•  Need(10Z14Z10Z15g/g(238U,(232Th,(
“raw”(tellurium(has(~10Z12g/g(

–  Te(cosmogenics(have(longish(
halfZlives(and(decays(that(
overlap(the(0vββ(energy(region(

•  Need(a(purificaPon(
technique(that(separates(
other(metals(from(tellurium(
at(the(104Z106(level(

Cosmogenic 
Backgrounds in  

SNO+ ROI – year 1 

See:(V.(Lozza(and(J.(Petzoldt(Cosmogenic!ac,va,on!of!a!
natural!tellurium!target.(Submised(to(Astropart.(Phys.(



pH(SelecPve(Telluric(Acid(
RecrystallizaPon(

•  Telluric(acid(obeys(the(following(
equilibrium:(

–  pH(determines(the(equilibrium(state(
•  PurificaPon(basics:(

1.  Dissolve(telluric(acid(in(water(and(filter(it(
•  Removes(insoluble(impuriPes(

2.  Add(nitric(acid(to(force(the(telluric(acid(to(
recrystallize/precipitate,(pump(away(the(
liquid,(rinse(with(ethanol(
•  Removes(soluble(impuriPes(

•  By(“tuning”(the(process(pH’s,(this(can(
be(quite(specific(to(telluric(acid(–(most(
other(chemicals(are(removed(with(high(
efficiency(

€ 

↔Te(OH)6( (((Te(OH)5OZ(+(H+(

Soluble(Insoluble(

Cobalt(removal(
by(mul%Jpass(
purifica%on(

See(S.(Hans(et.(al.(Purifica,on!of!Telluric!Acid!for!SNO+!
Neutrinoless!Double!Beta!Decay!Search.(In(preparaPon.((



Measured(Single(Pass(PurificaPon(Factors(

Element Reduction Factors 
From Spike Tests 

Non-spiked, 
before 

purification (ppb) 

Non-spiked, after 
purification 

(ppb) 
Sn >1.67×102 20 <20 

Zr >2.78×102 70 <10 

Ti 40 <10 

Co (1.62±0.34)×103 <10 <10 

Mn 150 <5 

Fe 40 <30 

Ag >2.78×102 <10 <10 

Y >2.78×102 <10 <10 

Sc >1.65×102 <10 <10 

Sb >2.43×102 20 <20 

Th (3.90±0.19)×102 <0.02 <0.02 

Ra (3.97±0.20)×102 

Ba 1400 <5 

Pb (2.99±0.22)×102 440 <3 

Bi (3.48±0.81)×102 300 <10 

U (3.90±0.19)×102 <0.02 <0.02 

TwoHpass$purifica4on$should$meet$our$purity$goals.$$



ReZGrowth(of(Cosmogenics(

•  The(nitric(acid(
recrystallizaPon(process(
must(be(done(above(ground(
for(safety(

•  Cosmogenic(isotopes(reZ
develop(between(the(end(of(
purificaPon(and(moving(the(
Te(underground(
–  Even(with(a(5(hour(transit(Pme(
(our(goal)(the(cosmogenic(reZ
generaPon(is(too(great(

–  HalfZlives(of(regenerated(
isotopes(are(mainly(short,(but(
too(long(for(them(to(decay(
away(sufficiently(on(SNO+(
Pmescales(

Cosmogenic backgrounds – year 1 
No 

purification 
Purification +  

5 hrs re-activation 



Underground(“Polishing”(Process(

•  The(solubility(of(telluric(acid(in(
water(is(also(temperature(
dependent(
–  Can(reZcrystallize(by(dissolving(to(
saturaPon(in(warm(water(and(
then(cooling(

–  Less(efficient,(but(good(enough(
to(remove(cosmogenic(reZgrowth(
with(two(passes((need(factor(of(
100(suppression)(

–  Te(yield(is(low((~70%/pass)(
•  Take(residual(soluPon(back(to(
surface(and(process(with(nitric(to(
recover(Te(

Element(
Single(Pass(

Reduc%on(Factor(

Ag( >144(

Co( 240(

Ge( 86(

Sb( 76(

Sc( 198(

Sn( 99(

Y( 500(

Zr( 104(



Underground(“Polishing”(Process(
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to(remove(cosmogenic(reZgrowth(
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No 
purification 

Purification +  
5 hrs re-activation 
+ “polishing” & 6 
month cool-down 



Underground(“Polishing”(Process(

•  The(solubility(of(telluric(acid(in(
water(is(also(temperature(
dependent(
–  Can(reZcrystallize(by(dissolving(to(
saturaPon(in(warm(water(and(
then(cooling(

–  Less(efficient,(but(good(enough(
to(remove(cosmogenic(reZgrowth(
with(two(passes((need(factor(of(
100(suppression)(

–  Te(yield(is(low((~70%/pass)(
•  Take(residual(soluPon(back(to(
surface(and(process(with(nitric(to(
recover(Te(

No 
purification 

Purification +  
5 hrs re-activation 
+ “polishing” & 6 
month cool-down 

Two$passes$each$of$nitric$acid$recrystalliza4on$and$

“polishing”$reduces$both$longHlived$and$cosmogenic$

isotope$backgrounds$to$acceptable$levels.$



ScaleZUp(

•  Working(with(an(industrial(
partner((SeaStar(Chemicals,(
Sydney,(BC)(to(scale(
processes(up(to(~200kg(
batch(size(
–  A(few(months(to(process(the(
4(tonnes(of(telluric(acid(for(
0.3%(loading(

•  Currently(operaPng(a(10kg(
pilotZscale(plant(

•  Plan(to(have(the(fullZscale(
system(at(SNOLAB(this(
winter(



Summary(
•  SNO+(will(search(for(

neutrinoless(double(beta(decay(
by(dissolving(Te(into(the(liquid(
scinPllator(
–  IniPal(phase(with(0.3(–(0.5%(

loading(
–  Higher(loadings(possible(in(the(

future(
•  Techniques(for(removing(

radioacPve(impuriPes(from(the(
tellurium(have(been(developed(
and(successfully(tested(
–  Development(of(the(large(scale(

Te(purificaPon(plant(is(in(progress(
•  Clean(Te(will(help(SNO+(to(

achieve(worldZleading(sensiPvity(
to(neutrinoless(double(beta(
decay(

Neutrino Physics The Nature of Massive Neutrinos
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Figure 1.1: The e↵ective Majorana mass |h m i| (including a 2� uncertainty), as a function of min(mj)
for sin2 ✓13 = 0.0236 ±0.0042 [18] and � = 0. The figure is obtained using also the best fit values and
1� errors of �m2

21, sin
2 ✓12, and |�m2

31(32)| given in Table 1.7 in ref. [6]. The phases ↵21,31 are varied

in the interval [0,⇡]. The predictions for the NH, IH and QD spectra are indicated. The red regions
correspond to at least one of the phases ↵21,31 and (↵31 �↵21) having a CP violating value, while the
blue and green areas correspond to ↵21,31 possessing CP conserving values. (From ref. [6].)
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!!Excluded!by!EXOD200,!GERDA,!KamLANDDZen!

Background(plot(adapted(from(PRD(77,(113003((2008)(





SNO+ Approach!
Discovery Flow!
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