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Beta-decay

B--decay is the conversion of a bound neutron into a proton
with the emission of an electron and an electron anti-neutrino

A A S —
X—=, Y+e +V,

B*-decay is the conversion of a bound proton into a neutron
with the emission of a positron and an electron neutrino

A A +
s X—=>, Y +e +v,

Electron-capture is similar to P"-decay but instead of
producing a positron, an electron is captured
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Conservation of energy

3000

2000

1000

500

100

1.728 h
1ggNd o 9.28d
149
%o 5G]
Q;_1691 53.08 h 01 4.3x104%
1g?Pmﬁ—\ 931d Q1314
K, 149EU Q,3100
EC 63
Q,_1071
Qg695
>2x1015y
149
62OM

Q,1869.9

Conservation of energy tells
us that for

B-decay:

mass of the X is greater than
the sum of the mass of Y, the
electron, and neutrino

Electron-capture:

mass of the X plus electron is
greater than the mass of Y
plus the neutrino

Nuclear physicists often draw
energy level diagrams for a
particular atomic mass, like
that on the left



Double-beta-decay

Double-beta-decay occurs

when the single beta-decay
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Neutrinoless double-beta-decay

If neutrinos are Majorana
particles (an anti-neutrino is
equivalent to a neutrino)
then we do not need to
emit any neutrinos in o
double-beta-decay.

Neutrinoless double-beta-
decay is the best probe we
have to test if neutrinos are 7

Majorana particles.




Majorana neutrinos?

So-called “seesaw” models, which explain the
lightness of the neutrino, require the neutrino to be a
Majorana particle.

Leptogenesis, which could explain the apparent
matter dominance of the universe also requires
neutrinos to be a Majorana particle.

All other particles are Dirac particles.



Observing neutrinoless double-beta-decay
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Because there are no
neutrinos to take away
energy, the total electron
energy in neutrinoless
double-beta-decay is
equal to the decay
energy.

We can recognize
neutrinoless double-beta-
decay by observing a
peak at the end of the
total electron energy
spectrum.



- Geoneuvtrinos




Structure of the Earth

71 Seismic data splits Earth into 5
basic regions: inner core, outer
core, mantle, oceanic crust,
and continental crust.

71 All these regions are solid
except the outer core.

1 The mantle convects even
though it is solid.

71 It is responsible for the plate
tectonics and earthquakes.

71 Oceanic crust is being
renewed at mid-ocean ridges
and recycled at trenches.




Heat flow from the Earth

Bore-hole measurements - Conductive heat flow
measured from bore-hole
temperature gradient and
conductivity

o1 Total heat flow 44.2+1.0TW
(87mW /m?2), or 31£1TW
(61TmW /m?) according to
more recent evaluation of
same data despite the small
quoted errors.

1 Based on chondritic meteorites

the heat production from U,
Th, and K are 8TW, 8TW, and
3TW, respectively.

Image: Pollack et. al



Discrepancy?

The measured total heat flow is 44 or 31 TW.
The estimated radiogenic heat produced is 19 TW.

Models of mantle convection suggest that the radiogenic heat
production rate should be a large fraction of the measured

heat flow.
Problem with

Mantle convection model?

Total heat flow measured?

Estimated amount of radiogenic heat production rate?

Geoneutrinos can serve as a cross-check of the radiogenic heat
production.



Radiogenic isotopes

- Beta decays
produce electron
antineutrinos



Geoneutrino signal
—

/ Neutron inverse beta decay threshold
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Neutron inverse-beta-decay

+
Vo, tTp—e +n

Delayed

The positron energy is
related to the neutrino
energy.

The positron loses its
energy then annihilates
with an electron.

The neutron first
thermalizes then is
captured by a proton
with a mean capture
time of ~200m:s.




Results from KamLAND
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How many geoneutrinos?

Expected ratio from
chondritic meteorites
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Source of geoneutrinos

1 Himalaya (crust)

3 LNGS (crust)

2 Kamioka (Crust) s=———————

4 Hawaii (crust)

5 Mantle

1
10! 10° 103 104
R [Km]

Mantovani F. et. al Phys Rev D 69 (2004) 013001

U and Th are thought to be
absent from the core and present
in the mantle and crust.

The core is mainly Fe-Ni alloy.

U and Th are lithophile (rock-
loving), and not siderophile
(metal-loving) elements.

U and Th concentrations are
highest in the continental crust.

On continental crust
approximately

50% of the flux comes from the
surrounding 500km.

25% of the flux comes from the
mantle



Expected signals
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Introduction

Plan to use the now unused SNO detector to search
for neutrinoless double-beta-decay in '°°Nd

Can also measure:
geoneutrinos

reactor neutrinos

solar neutrinos (without Nd loading)

supernova neutrinos

Ready for data in 2011 (201 2)



SNO (SNO+) detector

-1 Located in the Vale Inco Ltd. depth: 2092 m (~6010
Creighton Mine near
Sudbury, Canada

1 kton D,O held in 12 m
diameter acrylic vessel, to be
replaced with Nd doped
liquid scintillator

m.w.e.)

18 m diameter support
structure holds 9500 PMTs

(~60% photocathode
coverage)

1.7 kton inner shielding H,O
5.3 ktons outer shielding H,O



Cerenkov detectors

When a charged
particle moves faster
than the speed of light
in that medium it emits
Cerenkov radiation.

This radiation is
emitted in a cone
along the direction the
particle is traveling.




Liquid scintillator detectors

When a charged particle moves through matter it can excite
the molecules.

The de-excitation of these molecules results in the isotropic
emission of photons.

The number of photons detected is directly related the
kinetic energy of the charged particle.

Unlike a Cerenkov detector there is no cone so we cannot
determine the direction of the charged particle, but the total
amount of light is significantly higher so the accuracy with
which we can determine the kinetic energy is better.

Based on the time the light reaches the Photomultiplier Tubes
we can determine the location of the charged particle.



Hold down net

@ Vindows | D,O is denser than

| : H,O, liquid scintillator is
less dense, therefore
instead of supporting
the acrlyic vessel from
the top, we will have to
hold it down.




Expected energy spectrum

Simulated SNO+ Energy Spectrum
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Pretending to be miners
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Very clean miners




Super-K cleaning
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oating in Super-K, not likely again
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