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Neutrinoless Double Beta Decay

2v30:
(A,Z2) = (A Z+2)+2e + 21
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One claim and many limits. ..
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Neutrinoless Double Beta Decay

(A, Z) = (A Z+2)+2e +21

AL=0
Observed in more than 10 isotopes

T5/,: 108 — 102" years
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Energy

(A, Z) = (A Z+2)+2e + 01

Energy sum of two 3
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One claim and many limits. . . w
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Neutrino Properties

Dirac
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[Feruglio et al., Nucl. Phys. B 637(2002)]

Majorana

Qv =1
@ vgp=1rR
oM, #0

Absolute my, mo, m3 masses?
Amﬁ known from v oscillations

Mass hierarchy

@ hierarchal
normal mz > Moy

inverted m; < mo
@ degenerate
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What do we learn from Ov33?

If the neutrino is a Majorana particle (beyond SM):

_ GOV |M01/| ‘ (Mee) 2

01/ m,
I /o e
GO - phase space integral |M®¥ | - nuclear matrix element
me - electron mass (Mmee) = | X; Ug,»m,v\ - effective neutrino mass

@ Majorana / Dirac nature
@ mass hierarchy
@ effective neutrino mass
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Experimental challenges

N ~eaMtT, ] Nobs — \/Nb9 ~ /Mt BAE

NO /NS ~ e a\/(Mt)/(BAE)T, }
e - efficiency

a - fraction of Ov 33 isotope B - background in cts/(keV kgy)
M - detector mass AE - detector resolution
t - measured time

@ high exposure (Mt)
@ enriched isotope
@ efficient detector

@ no/low background
@ good resolution

Isotope and experimental detection technique
are crucial to the observation! P
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Claim and Limits

@ Part of Heidelberg-Moscow

@ Several limits given
@ 5 HPGe, 72 (kgy) exposure g
@ Contenders: EXO, Kamland-Zen,

@ Claim: Cuore, Super-Nemo etc...
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%2 GERDA: Experimental Ideas
Challenges:

@ Low rate: 0-10 cts/yr (Phase I)
@ Expensive detectors, limited time

@ Inherent background: cosmic muons,
“dirty” materials, activation, ambient
radioactivity

Solution: background reduction

@ Naked Ge-diodes enriched to 86%
shielded by low-Z materials

@ Source = detector, resolution ~ 0.1%

@ LNGS: 3500 m.w.e.
muons flux red. by~ 108

@ Pulse shape analysis UNIVERSITAT
TUBINGEN



&A GERDA: Experimental Setup

ok a

| =
- 4 y e

|

N\

Water purification &

Radon monitor 4

' Muon Cherenkov veto et S

N = = L ")

N o T,
| g .
4 D KARLS

RSITAT %

GEN

Kai Freund DPG 2012 9/19

L}







e,

AN

Jis

®
%

Phase |

@ check claim with HPGe

@ exposure: ~15kgy,

Bl: 1x102cts/(keV kg y)

Phase Il
@ enr. BEGe (+ 20kg)
@ exposure: ~100kg Y,

Bl: 1x103cts/(keV kg y)

s GERDA Sensitivity: Aims
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[Caldwell,Kréninger;PhysRevD.74.092003]
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@ check claim with HPGe
@ exposure: ~15Kkg y,
Bl: 1x102cts/(keV kg y)

@ enr. BEGe (+ 20kg)

@ exposure: ~100kg y,
Bl: 1x103cts/(keV kg y)

Kai Freund

| mee | in eV

107 107!
Lightest neutrino mass in eV
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%= GERDA Background

42Ar and its daughter nuclei

unexpected BG:
@ “2Ar x10 expectation
@ “K: 3~ @3.5MeV
@ “Ca*: y@ 1.525MeV

Cu mini-shroud:

field-free configuration
reduction of ion drift
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%= GERDA Background

42Ar and its daughter nuclei

unexpected BG: Sl

@ “?Ar x 10 expectation s

® “2K: 3~ @3.5MeV S bare dectors

@ “2Ca*: y@1.525MeV S

o0

Cu mini-shroud: af- minishroud
field—frfee coqfigurgtion ps sttt s e i
reduction of ion drift Energy (keV)
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EA GERDA Spectra

[ Natural detectors, 1.973kg x year |

S1°F oz Observed lines:
s @ 1525 keV (“?K)
s @ 1460 keV (*°K)

[
o
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@ 1764 keV (*'*Bi)
@ 2614 keV (*8Tl)

0 @ 609 keV (3'*Bi, natGe)
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Py
3 Hege =

counts/(keVxkgxy)

GERDA Spectra

] Observed lines:

@ 1525 keV (**K)

@ 1460 keV (“°K)

@ 1764 keV (*'*Bi)

@ 2614 keV (*8Tl)

@ 609 keV (3'*Bi, natGe)

2v 34 clearly visible in
normalized spectrum

0

. .S(I)O. = 10|00 = lSIOO - 200 ‘ 200 000 1/4 Of deSired eXpOSUfe
energy (keV)

nilGe, 2.0kgy ©°"Ge, 3.8kgy
R
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GERDA 12-02|

counts/(50 keV) in 1388.3 kg x day

P PRI B R B R | 1
200 400 600 800 1000 1200 1400 1600
Energy (keV)

Kai Freund

s> GERDA Background Model (preliminary)

% Ar spec., 1.01Bq
[NIM A 574 (2007) 83 |

2u80 spec., 1.74x10%"y
85% active volume
[NIM A 513 (2003) 596]

norm. *°K spec. (MC),
source: holders

norm. *?K spec. (MC),
source: uniform

M data of 3.8kg y enr. Ge
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GERDA Current Status

o data taking since Nov. 2011

@ 8 enr. detectors, 2 taken out
(14.6kg enr. + 7.6 kg nat.)

@ blinding since Jan. 2012

(Qpp = 20keV)

counts/(5 keV)

@ unblinding once sufficient

exposure / Bl reached

<« window

current ¢"Bl, 3.8kg y

0.017 3992 cts/(keV kg y)

~10 times better than HdM

no PSD applied yet
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EA Future BG Reduction

LAr Instrumentation / LArGe
@ utilize scintillation of LAr
@ Active veto system

S @ multiple designs studied:
@ MSE discrimination . PMT / WLS fibers
= no additional BG

Pulse Shape Discrimination
@ PPC /BEGe detectors
@ inhomog. field
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[M. Agostini et. al.;(JINST), 6 (2011) P03005]

[M. Barnabé Heider et.al., (JINST), 5 (2010) P10007]
[M.Heisel; PhD thesis] f



GA Ge-Procurement and Detector fabrication

@ 2009: GeO, produced by
ECP, Zelengorsk, Russia

@ 2010: Reduction and zone
refinement, PPM Metals
GmbH, Rammelsberg,
Germany aroove

n+ electrode p+ electrode
@ 2011: Transport to Oak Ridge,
United States

@ 2011-12: Crystal pulling and
cutting, Canberra, Oak Ridge

@ 2012: Diode fabrication &
testing, Canberra, Geel,
Belgium. First 7 enr. BEGes
produced with excellent res.
1.7 keV (FWHM) @ 1.3 MeV

32 mm

281 mm
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Conclusions and Outlook

@ The Ov 3 decay can prove physics beyond the SM

@ GERDA tries to determine
T; /2 of 7°Ge via an innovative approach

@ The current Bl of 1.7x10~2cts/(kg y keV) is very promising

@ The crucial / blinded phase of data taking has begun
1/4 of desired exposure (Phase I) has been reached
@ Production of next-generation Ge detectors in under way.

@ First BEGes produced and tested with excellent resolution
(1.7keV FWHM @1.3 MeV)
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