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WIMP FLUX MODULATION

• Hypotheses:(
• Weakly(interacting(

massive(particles(
(WIMPs)(permeate(our(
galaxy

• Small(but(nonAnull(σ with(
SM(particles(

• The(earth(speed(relative(to(
WIMP(halo(is(subject(to(
annual(modulation

• DM(flux(and(detection(rate(
have(characteristic(period(
and(phase(important(for(
background(discrimination

• Max(rate(the(02/06,(Min(
the(01/12,(T=1(year
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Rate(modulation:

arXiv:1209.3339v3(
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DIRECT DM DETECTION

! Nuclear/electron(recoil(
via(elastic(scattering(
with(DM(

! Recoil(energy(in(the(keV
region
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Signal:

χ+N(!χ+N
χ+e(!χ+e

Backgrounds:

N(! N’+α,e
n+N(! n+N’

γ+e! γ+e



SA
BRE

SA
BRE

DAMA/LIBRA RESULTS
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arXiv:1308.5109v2
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9.5σ(is(a(strong(evidence(of(modulation(but:

!Observed(near(to(the(detector(energy(limit
!May(be(due(to(an(accidental(local(oscillatory(source(of(
backgrounds(with(same(phase(and(period

!Null(results(with(other(techniques((see(Xenon100/LUX(
results)

DAMA/LIBRA RESULTS
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Modulation(amplitude

arXiv:0804.2738

Background

≈1(cpd/kg/keV

≈10A2 cpd/kg/keV
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Modulation(amplitude

arXiv:0804.2738

Background

≈1(cpd/kg/keV

≈10A2 cpd/kg/keV

Is(DAMA’s(signal(an(unconstrained(seasonal(

variation(or(DM?

Need(for(another(NaI(Tl)(experiment(
for(a(modelAindependent(verification
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SodiumAiodide(with(Active(
Background(REjection

LLNL
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THE SABRE PRINCIPLES
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High%Purity%
Crystals

Active%
background%
rejection%

Double
Location

Improved%
Electronics

Unprecedented%
background%
rejection%and%
sensitivity%with%
a%NaI(Tl)%
experiment
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DAMA/LIBRA signal region: 2-6 keV. 
–  Energy spectrum peaks around ~3 keV. 
–  Modulation amplitude peaks around ~3 keV. 

What could be the origin of the 3 keV feature? 
–  Dark matter interaction? Inelastic dark matter scattering? 
–  Background from 40K decay? 13 ppb K in DAMA. 
–  How to differentiate? 

Principle of SABRE Veto 

40K!

40Ca!

β-  89.3%   !

Q = 1.3 MeV!EC 
10.7%!

1.46 MeV γ!

40Ar!
40K!40Ar, ~11% branch ratio 
•  3 keV K shell X-ray, Auger e- 

•  Background at ~3 keV if γ escapes 
1.46MeV γ can be detected by a veto. 
40K background can be rejected. 
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HIGH PURITY CRYSTALS
!Main(background:(
crystal(radioactivity

!40K(Electron(Capture

3(keV Auger(eA

! Other(dangerous(
contaminations:(Rb,(U,(
Th,(Pb

! Princeton(Uni. and(
SigmaAAldrich(to(obtain(
AstroAgrade(powder(
with(reduced(
contaminations
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PURITY MEASUREMENTS @ ANU
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Atomic%mass%spectroscopy
to(measure(radionuclide(
isotope(ratios
! 129I(sensitivity(better(than(

129I/127I=(2*10A13

(�1mBq/Kg)
! Next(challenge:(210Pb(

" does(not(easily(form(
negative(ions(

" various(chemical(forms(to(
produce(Pb beams(
investigated.(

" Expected(sensitivity(to(
contaminations(
<10mBq/Kg
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HIGH PURITY CRYSTALS
First(large(crystal
!2kg((final(des.≈(5kg)(
!88(mm(diameter((final(
des.≈(95mm)

!Rb<(0.1(ppb((DAMA(<(
0.35(ppb)
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ACTIVE BACKGROUND REJECTION
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40K(electron(capture(in(crystals

! Goal:(Reject(nonAweakly(
interacting(processes(
(external+intrinsic

backgrounds)

! Crystals(immerged(in(

liquid(scintillator(

! Veto(coincident(signals(
in(crystals(and(
scintillator

! Additional(passive(
shielding(for(

environmental(
background
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IMPROVED ELECTRONICS

!Design:
"Baseline:(Hamamatsu(R11065(3”(PMTs(
"Direct(PMTAcrystal(coupling

"Custom(preAamplifiers(! less(afterA
glow(

"Contaminations:(≈1(mBq for(U,(Th,(Co;(
≈10(mBq for(K

31/01/2017 Francesco(Nuti 13

! Goals:(

" High(light(yield

" Energy(threshold(<(2(KeV

" Reduced(radioactivity(and(
noise

DAMA/LIBRA
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DOUBLE LOCATION

! Twin(experiments:
"LNGS((Italy)
"SUPL((Australia)(
both(≈(3000(m.w.e and(similar
design(performance

! Different(environmental(conditions:
"Seasonal(effects(with(opposite(
phase

"Rock(composition(and(radiopurity
" Independent(radon,(temperature,(
pressure(control(systems(and(
power(supply
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240(Km

LNGS

SUPL
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EXPECTED BACKGROUND

!Background(from(crystal(is(
dominant

!Veto(reduces(effectively(
background((4(times(less(
auger(eA)

!K(and(Rb dominates(in(2A6(
KeV

!Other(contaminations(
below(2(KeV

!Expected(backgrounds(one(
order(of(magnitude(smaller(
than(in(DAMA/LIBRA
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Auger(eA peak
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EXPECTED SENSITIVITY

!50(Kg(total(crystal(mass

!3(years(of(exposition(

!Background(0.15(cpd/kg/keV
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!4σ(power(to(
confirm(
DAMA/LIBRA

!6σ(to(refute
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NUCLEAR RECOIL QUENCHING

New(results(on(
quenching(factor

!lower(quenching(at(
lower(recoil(energies

!The(region(2(– 6(keVee
corresponds(to(higher(
nuclear(recoil(energies(

!9(keVnr"! 0.9(keVee

!ANU(could(measure(
the(QF(with(higher(
precision(and(reach(
lower(energies
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PROOF OF PRINCIPLE
SABRE(Proof(of(Principle(
is(about(to(start(@(LNGS

Goals:(
! Characterize(crystal(
background

! Test(veto(performance

Design:(
!One(5.5(kg(crystal
! 1.4m(x(1.5m(cylindrical(
vessel

! External(shielding:(lead(
basement(and(
Polyethylene+Water
walls

31/01/2017 Francesco(Nuti 18

Hall(B(@(LNGS
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CONCLUSION
!SABRE(can(perform(an(independent'high'
sensitivity'verification(of(the(DAMA/LIBRA(
modulation

!SABRE(features:
"Higher(purity(NaI(Tl)(crystals
"Active(background(rejection
"Low(background(high(gain(electronics
"Twin(detectors

!Proof of Principle(to(start(in(2017
!3(years(of(data(for(first(fullAscale(experiment(
results
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SUPL CHARACTERISTICS
!Clean(lab(similar(to(SNOLab
!Rn activity(<(100(Bq/m3 in(“clean(area”.(Surface(coating(
to(inhibit(Rn.(

!Temp.:(19±2(°C,(Relative(humidity(40%(A 50%,(remote(
monitoring(&(control.

!Low(radiation(concrete(and(finishing;(sampling(all(sand(
and(cement.
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DIURNAL MODULATION
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arXiv:1412.0762
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STAWELL UNDEGROUND PHYSICS LABORATORY

20 

SUPL Detail 
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10(m

34.5(m

See(Anthony(Williams’(talk
! Clean(laboratory(@(1025m
! Design completed
! Construction(to(start(in(early(2017
! Host(SABRE(and(other(

experiments

CleanAroom,(
low(radon(
areas

1025m

surface

T.(Ruggeri
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THE DARK MATTER PROBLEM

Visible(Energy

5%

Dark(Matter

27%

Dark(Energy

68%

Universe%Content
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Possible(Candidate:

Dark(Matter(properties:(
• Stable((half(life(>(universe(

age)

• Cold((nonArelativistic)
• NonAbaryonic

• No(EM(and(Strong(
interactions

WIMPs
Weakly(interacting(massive(
particles:

• Masses(>(GeV
• Low(selfAannihilation(and(SM(

scattering(crossAsections(via(

weak(interaction(or(new(
weaker(interactions
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DAMA/LIBRA RESULTS
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Modulation(amplitude

arXiv:0804.2738

arXiv:1308.5109v2

Background

≈10A2 cpd/kg/keV

≈1(cpd/kg/keV


