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Motivation

Oscillation experiments
measure mass-squared
differences and mixing
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Figure from S. King Presentation at UKNF
(May 2005). Available:

http://hepunx.rl.ac.uk/uknf/2005-05-04/uknf-

sfk-pheno.ppt
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Open questions

» What is the absolute neutrino

mass scale?

» What is the mass hierarchy?
» Are neutrinos ‘Majorana’
particles? (v =7
» Do neutrinos play a role in
leptogenesis?
Neutrinoless double-beta decay
(Ov35) experiments can address

these questions.
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2v33-decay

Allowed for even-even nuclei stable against 3-decay.

(e.g. 4803, 76Ge, ste, QGZr 1OOMO, 1160d, 128Te, 130Te, 136Xe, 150Nd)
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Bp
Q=12.039 MeV
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ovGEs
> (AZ)— (A Z+2)+e +e
» Not yet seen, but limits exist:
> For °Ge: T, > 1.6 x 10%y

(A Z)

Phys. Rev. Lett. 83 (1991) 41
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If Ov35 is seen:

» Violates lepton number: AL=2
» v = v The neutrino is a Majorana patrticle

» We can determine effective neutrino mass from Ov3g3
decay rate:

(79) " =6 1m0 2(m, )2
<m1135> = ‘Z miUgi

= |Ugt|? my + |Uga|* ma€'®2 4 |Ugg|? mze'%s
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Relating the effective mass to kinematic mass:
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normal inverted

(Myyy) = |Uet |2 My + |Ugo|? mo€'®2 + |Ugg|* me'®e
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The MAJORANA Experiment

MAJORANA: 0v33 in "®Ge

Experiments with multiple isotopes are needed because of
uncertainty in matrix element calculations.

Advantages of germanium
» High-purity Ge detectors = source
» collect charge from ionization

» Q-value above many backgrounds:
2039 keV

» High resolution ( ~0.16% at 2039 keV)

» Background rejection (pulse-shape analysis, s
segmentation)

» Established "6Ge enrichment technique

Q=2.039 MeV
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The MAJORANA Experiment: Demonstrator Module

» 60 kg of Ge
> 30 kg enriched in "*Ge

» Analyze detector technologies: n- and
p-type, segmented, point-contact,
monolithic

» Detectors deployed in array of strings
» DOE and NSF support
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The MAJORANA Experiment: Demonstrator Module

Low Background Design

» Electro-formed copper cryostat
» Passive and active shielding

» Located underground (4850’
Sanford Lab (DUSEL))

Goal: Demonstrate backgrounds low
enough to scale to 1-tonne
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The MAJORANA Experiment

MAJORANA Demonstrator Sensitivity
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e \AJORANA Demonstrator (30 kg, 1 count/ROIl/tly)

wnmmzx MAJORANA Demonstrator (30 kg, 10 counts/ROI/tly)

Mod. Phys. Lett. A 21 (20086), p. 1547 (30): (1.30-3.55) x 10°° years
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Future one-tonne experiment

MAJORANA will collaborate with GERDA

» The Germanium Detector Array

_ /
Inverted

>
(GERDA) experiment L —
» Also using " Ge for 0v33 search 8 s

» Ge submerged in liquid Ar

» Sensitivity to effective neutrino mass
after 10 years: ~ 10s of meV

10 10?
Lightest v mass [meV]
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» Ov3p allows us to probe v mass and nature
» MAJORANA will look for Ov36 in "6 Ge
» MAJORANA Demonstrator will test background goal

» GERDA and MAJORANA will collaborate for tonne-scale
experiment

Detectors and backgrounds: Mike Marino*

*| used his slides.
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