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Double Beta Decay (2v[p[)

1+

Lifetime: ~102! years
Naturally Occurring

only 35 isotopes



Neutrinoless mode (Ov[3)
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What Can We Learn?

* Dirac or Majorana

* Absolute Mass Scale

* Mass hierarchy

* CP violation?
 Matter-Antimatter Asymmetry



Dirac or Majorana

/ AN

/ N\

OvBpB won’t occur OvBpB does occur

Observation of Ovf33 experimentally indicating
the speed of neutrino is < the speed of light



Are neutrinos identical to their antiparticles?

For every particle, there is a corresponding antiparticle.

Particle Antiparticle Difference
Electron Positron Electric Charge
Proton Antiproton Electric Charge
Neutron Antineutron Baryonic Charge

Neutrino v Antineutrino v 77
Matter Antimatter
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Absolute Mass
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Absolute Mass

Manfred Lindner et al., PRD v73, 053005 (2006)

Normal mass hierarchy m;<m,<m;

2

_ 2 .2 2 2 2 2ias\[ 2 2.2 .9
Mg, = m1c12c13+\Jm1+AmsoIars12c13e +\Jm1+AmAs13e P
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almost degenerate neutrinos m;= m,= m;
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. , /| Benchmark number to

s ' discriminate between
hierarchical models:
m ~ 45 meV
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lightsst neuttine mass in eV
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Mass Hierarchy

| S. P'ascloli,'S. T. Petcov and T. Sch'wefz, Hep'-ph/'05tl)52'26 B

[Claimed by Klapdor et al 4

| Excluded by CUORICINO , NEMO3

Inverted Hierarchy Quasi Degenerate

Log (|<m>| [eV])

Normal Hierarchy
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Matter and Antimatter

Observation of neutrinoless double beta decay would suggest

The origin of neutrino mass is different from the
origin of the masses of electrons, quarks, protons,
neutrons, humans, the earth, and galaxies.

If neutrino and antineutrino are the same particle, neutrinos
may be responsible for the matter and antimatter asymmetry
in the Universe

Antimatter disappearance may be due to neutrino
involved weak interactions
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No antimatter found in the universe

Annihilation

MATTER over ANTIMATTER surviving annihilation indicates
the two behave differently (“CP violation”).

CP violation has been observed in quark sector, but it is way too
small to explain the universe.

Are neutrinos the reason?
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If Neutrinos = Antineutrinos

CP Violation Should Occur

MATTER interact with NEUTRINOS

ANTIMATTER interact with NEUTRINOS
CAN BE DIFFENET

Could this difference explain the universe?
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Light and Very Heavy Neutrinos

There is a natural way in which it could.

The most popular theory of why neutrinos are so light is the —

See-Saw Mechanism
Familiar
<—{ light
nheutrino

Very
heavy }—>
neutrino
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Heavy Neutrinos Decay

The heavy neutrinos I\ would have been made in the hot Big Bang.

Then they would have disintegrated into lighter particles:

—> e + ... and —> et + ...

Matter Antimatter

If Matter and Antimatter interact differently with neutrinos, both heavy
and light, then one of these disintegrations can be more likely than the other.

Then we would get a universe with unequal amounts of Matter and

Antimatter.
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Experimental Confirmation with LBNE

Can we confirm that Matter and Antimatter actually do interact differently
with neutrinos?

A neutrino flavor change involving Matter:

SN i
Source Detector

A neutrino flavor change involving Antimatter:

e+ M+
Source § Detector

Do these processes have different rates?
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Experimental Technique

| Years
2 neutrino
Region of
- 0 neutrino
Interest
] e YT 0,
IZIJZII IIIjI IJIII 1_‘: an ROI
Sum Energy for the Two Electrons (MeV)

Decay Target and the Detector should be the same
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Detection Challenges within the ROI

e Limited number of events with the
ifetime ~ 10%° years

* Resolution of detector\\
* Reduction of background

I N S N B
2.00 MeV 2.10 MeV

Energy Resolution is the key
and germanium detector has
the best energy resolution
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Next Generation sensitivity
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Modular Approaches and Its Sensitivity |
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Modular Approaches and Its Sensitivity I
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6/13/2012

Existing Experiments

From the ApPEC roadmap...

European

Name Nucleus | Method Location Others
Members

Running experiments
CUORICINO | ““Te bolometric LNGS IT.NL.ES Us
NEMO-3 *Se tracking Frejus FR.CZ. UK US. RU. P

Construction funding
CUORE BT bolometric LNGS IT. NL.ES US
GERDA "“Ge ionization LNGS DEBEITPO |RU

Substantial R&D funding
COBRA T°Cd. | scintillation | LNGS | UK. DE :
130T
EXO B tracking WIPP CH US. RU. CAN
MAJORANA | “Ge ionization SNOLAB | - Us
or DUSEL
SuperNEMO | *Se tracking th.d. FR.CZUKSL | USRU.JP
R&D and/or conceptual design, and other decay modes
CANDLES “Ca scintillation Oto Lab - TP
CARVEL *Ca scintillation Solotvina | - UKR. RU. US
DCBA “'Nd tracking th.d. - TP
MOON Mo tracking th.d. - P
SHNO+H+ SN scintillation SNOLAB | - CAN. US+ .
TGV “Cd, electron Frequs FE.CZ RU
“Ca capture, E&D
FPCP, HeFei




Depth Requirement

E , E Cur lab, 1 m.w.e.
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Mei & Hime, PRD 73 053004 (2006)
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Depth of Underground Labs
Worldwide

Italy, 3.1 kmwe

United States, 4.3 kmwe

Canada, 6.1 kmwe

China, ~6.5 kmwe

.7-1 e

CJPL can be made available. SNO is fully occupied.
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Workforce and Technology

1) Majorana Collaboration a
2) GERDA Collaboration

3) CUBED Collaboration

Majorana Experiment

GERDA Experiment

CUBED
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Crystal growth

R&D CZ crystal puller

gl .' \“ ‘
= \ | !

\-—r‘——" =~ E |

Haller’s type grower for production
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A Movie for Crystal Growth




Flow Chart

Natural Ge Crystal
Ingots Growth

Enrichment

Zone Crystal Wafer/De

Hydrolysis refining Growth vices

DUSEL

_ Detector Market
Experiments
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Large Size Germanium Crystal Growth
{ T“*-‘ ' &

@
N

! n
i

.

Upper: Diameter: 8.7 cm; length: 10 cm; weight: 3069 g

Bottom: Diameter: 7.7 cm; length: 15 cm; weight: 3300 g
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Crystal Growth in Hydrogen Atmosphere

Grown with a 20 passes zone-refined germanium ingot

Resistivity Measurements

_ Resistivity (Qecm)

Temperature ~300 K 77 K

Slice #1 56.6 27,450
Slice #2 47.9 22,760
Slice #3 54.4 32,260

#1 1.16 mm #2 1.08mm >/ 43 1.64 mm

The growth of crystals in hydrogen ambient is a major milestone to grow detector-grade crystals.
Next step is to control thermal fields better to produce crystals more uniform in shape. Next

milestone is to grow larger diameter crystals in high-purity hydrogen atmosphere.
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Zone Refining Unit
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A zone refining unit has been running at USD since the early of July. It has a capacity
of producing 4 kg zone-refined germanium ingots in 10 days with 20 passes

Great progresses have been made since the DOE Site Visit Review
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Conclusion

Science involved neutrinoless double-beta decay is very
attractive

A ton-scale CJPL Ovf3f

Timing is very good for CJPL

Technology do exist

Workforce can be established

World-wide collaboration

Workshop in China



