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Outline

= Known and Unknown about Neutrinos
= Double Beta Decay Physics and previous searches

= The GERDA experiment:

Discovery potential
Experimental approach
Features and challenges

= Conclusions
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Neutrino in standard model
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In Standard Model,
= Vs come in doublets with their m/ — O
partner lepton

» they are massless, Dirac particles
interacting by Weak Interactions,

., " lepton number is conserved. i C. Cattadori



....in the last 20 years of neutrino
physics experiments, we learned
that:

" VgV v, Neutrinos created in
particle interactions, have finite
mass.

=They are not the states of
definite mass v,, v,, v,, but linear
combinations of them

= They oscillate, i.e transform
one into another along their path
= Lepton flavour is NOT
conserved.

The experiments measured Am?
and the mixing angles
(amplitude or probability)
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Neutrino masses
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...but didn't measure

= The absolute scale

= The sign of Am?i.e. hierarchy
= CP phases

Cosmology provides limit
= 2m< ~ 600meV model dependent
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(AZ) > (AZ+2)+2e +2U,

= It is a 2" order process of weak

_ _ \ N.Z odd /
Interactions.
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= Proposed in 1935 by the young M.
Goeppert Mayer to explain the evidence
that in even isobars multiplets (as in the
/6) there is apparently more than one
stable isobar, while in odd isobar multiplets
there is only one.

Nuclear mass |a.u.]

|
= First evidence came from 130Te 72 Z Z+’)

i i Atomic ber
geochemical experiments omic number

= Since then observed for many isotopes
(76Se, 100Mo, 48Ca,’¢Ge ...).
T, 010 + 1021 y:

= 2v[3 of 76Ge observed on ground state

of 7°Se: T, ~ 1.4x 104y
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(AZ) - (AZ+2)+2e

‘T

i W= k v,
N 8 QY
Proposed by Majorana (and Racah) in 1937: d .
posed by Majorana ( ) S N
Av =V is exchanged between two neutrons Feynman diagram of Ovbb
It is a forbidden process in SM and requires
. . . N =2 =
Lepton number violation V, = Ve
e Neutrino is a Majorana particle having finite mass < mv > 0
- )
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OvBB and the neutrino mass
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From Vissani, Strumia hep-ph/0606054v2
= Rate is the measured quantity in 33 :
decay experiments. It is proportional to _
" Effective neutrino mass  (mpgg )? 0 :
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The real life:
experimental sensitivity on 7%, ,

¢ = detection efficiency C R
a = Bp isotope fraction = enrichment 0.003
M = mass of detector in kg
T = data taking time [y]

B = background index in cts/(keV kg y) 0,001
R = energy resolution at Qg [keV]

0.002

Ideal case. 0 500 1000 1500 2000

N Y
no bckgd T
Tl(/)'; acMT Real case Tl(/); as. |——
with bkgd BR

The challenge of BB decay experiments is to minimize background,
expose large mass of candidate decay isotope, improve the resolution

LNGS 9/11/2010 - GERDA Inauguration -8- C. Cattadori



’6Ge B searches: the pre-history
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Evolution over 5 decades of the
sensitivity on 76Ge 0vB half-life

Pioneer era: Deep :
underground:; Enriched Large mass
17 cm?3 home naiGe but detectors enriched detectors:
made crystal material HdM and IGEX;
selection p.s.a. implemented
neutringless decay half-lives
(limits at 90% C.L
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Yed E resolution: AE = 4 keV

GERDA: Sensitivity

From Vissani, Strumia hep-ph/0606054v2
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- if signal found in HdM by KK is true 3 decay, this would produce in ~ 1 year
GERDA I data taking (assuming 18 kg y exposure) 7 cts, above bckg of ~ 1 count

-> probability that bkgd simulate signal ~ 10~
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GERDA: challenges
A novel approach to the background issues

top p-veto

GERDA goal: build a setup with a B < 10° @ Qg
GERDA distinctive features to reduce bkgnd of 10-°

» Ge diodes operated naked in LAr

» Ge diodes with enhanced PSD features (Phase II)
(" Activity of T-208  (uBg/kg)
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GERDA design
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= Phase I:

Use of existing 76Ge-diodes refurbished for our
experimental needs

8 detectors for 17.9 kg of e"Ge

Expected Background ~ 10-2 count/(kg-keV'y)
dominated by crystal internal bkgd

Verify HdM claim in an external background-free
setup.

The natGe pilot string

= Phase II:

Add new diodes (+22 kg, total e"Ge) of novel type able
to discriminate SSE/MSE. (see V. Kornoukhov talk)

Demonstration of bkgd-level <103 count/(kg-keV'y)
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Conclusions

= GERDA experiment has been fully constructed; it adopts
a novel technique to
operate Ge detectors and
reduce 102 the background, compared to previous experiments.

= GERDA is in the commissioning phase since june 2010.

= In one year of real data taking, GERDA should provide
results on OvpB decay and scrutinize the HdM claim

= When the full detector array (Phase II) will be deployed,
while matching the bkgd specifications, GERDA should
be able to investigate the degenerate v, region
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Impact of neutrino mass on particle physics
and cosmological models

= Once the mass operator is introduced, neutrino is naturally a
Majorana particle; seesaw (a mechanism within GUT) produces a
light neutrino, corresponding to the three known neutrino flavors,
and a very heavy, undiscovered sterile neutrino (N).

= In primordial Universe, N then decayed into lepton/antilepton
(leptogenesis) with some unbalance towards leptons, i.e. CP violating

= This would have generated the observed baryonic asymmetry
(baryogenesis).

.... Therefore the experimental determinations of

the neutrino mass scale, pattern and nature

= Are crucial bench tests for predictive particle physics models, and for
the improvement of our understanding of the basic theory of
fundamental interactions.

= The neutrino mass value will as well impact on early universe
evolution and on astrophysical (e.g. supernova) models.
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