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%) Motivation

Hierarchies
Oscillation experin me Bl BT
angles (912, 023) 02 N ——
(mZ ml ' Iml -m3 |ﬂ ,ﬁmz{atm)g Am?2(sun)
third mixing angle.
(2] , Am2(atm)
1. absolute mas: | @ Am2(sun)g)
2. mass hierarcl normal inverted

3. nature of neutrino (Majorana, Dirac particle)
4. value of third mixing angle
5. CP phases

Double beta decay experiment can address 3, and, if
neutrinos are Majorana particles, then also a
combinationof 1,25 .
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Double Beta Decay

40000 — gy 18900)
[ 1 PO - L Sp (13800 -
st B A=76 Su..(1890)
g - NDS 42, 233(1984)
& I 1=
32000 | — —‘TﬁNi NDS 74, 63(1995){U)
— 28 B-
20000 |— an. . Jel0oK Sp___{15000)
= s 11320
— 0 (B700) 016?21:: B Hmtinsh i e 9500),
24000 [— —_—A (for 0.641 5)
L TBCu o n
29 ] 5 11020 L B
20000 | o S 1% _ ¥ T
L Q{11700 Sp__ %®  EC 38
16000 —
Ane LN Sp.. 1208 Sn 8221 iy 3858 Slecld108)
o - 57s SR e 12038 w rm K TRb
12000 |— Zn Sy 04283 S 77226
I : Sp 11164.1
— 30 ¢ Sy 732044 LSS Sp___ 5408
W00 — T Sp Qe 1 Clg; 8408
[ = gty 3Z6s 0 T
8000 — B0 T8z A
B 312A g e
4000 My +<.“7c1b?)2 i o Jl8h
B Q, 7010 131s EC & ¥ TGKr
5000 — = 1820 i g EC 36
TGB
4000 |— EC 3597
Qg 1310
3000 — 2- _;60778 d =]
Qp4963
2000 |— L — 33AS - h
TGGe
52 Q29620
1000 —
500 |—
100 |—
il Evaluator: B. Singh

Tse Jd “

(4.2) > (A, Z+1){ergnengetidallyforbidden “w

-
(A.Z) > (A.Z+2)§ZerRiisoal lowmggo i g
Then, for Mc]vcz%;g particle (AZ) —» (A,Z+2);?_e ¥4ible

) u

Allen Caldwell, MPI Miinchen Astroteilchenphysi Zeuthen 4-Oct-2005



VRN 07 | If resolution poor
207 / \"\_\ e 20 l —
Normalized /o [Ee N\
1.5+ 0
ener‘gy ,r 2V "1.___1L 0.90 ;;?; 1.10
spectrum
0.5+ ;f x‘a\_x OV
/ AN If resolution good
0.0 : | , | /I\_
0.0 0.2 0.4 0.6 0.8 1.0
K_/q

Nuclear matrix Effective

Phase _ A5 element Majorgna mass
Ov-DBD spaceOC . \ yﬂ

rate \
k= 6(Q2) M

2 2
nucl‘ mee
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@ Effective Neutrino Mass

H.V. Klapdor-Kleingrothaus, I.V.
Krivosheina, A. Dietz, O. Chkvorets
(Heidelberg, Max Planck Inst.)

Phys.Lett.B586:198-212,2004 1 F.Feruglio,
best value S— A. Strumia,
% ' F. Vissani,
£ 10! GERDA I,II NPB 637
Long ferm goal of future Inverted hierarchy
generation experimenigimp
10 meV ; _ 90% CL
. — Negligible
Normal hierarchy
1077 ¢ errors from
: oscillations;
width due to
R 0% EL (L doD CP phases
107 1073 1072 107! 1

Lightest neutrino (m;,m;) in eV
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N H.V. Klapdor-Kleingrothaus, I.V. Krivosheina, A.
Dietz, O. Chkvorets (Heidelberg, Max
ik Planck Inst.)

Phys.Lett.B586:198-212,2004

N
]
g

Background: 0.11/keV/kg/yr

o
S

@
S

= B % Ov DBD signal ??

probability K [%%]

20 e Roo 2010 To :.oerg?:s[O;T , ;J X
- a A
Known Bi lines ; r’\
M o ::AA_/:‘I_‘ f‘ikﬁt-
With pulse shape analysis R

Claim: 4.20 signal  T,,=1.2 102 yr
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Some of th

Ca = “Ti
°Ge —>7Se
825e = 82Kr
9%Zr - %Mo

100\ ]o = 100R

116Cd —=1165n

128Te »128Xe
130Te —130Xe

136 e - 13684

150N d =150

Proposed & Ongoing Experiments

ﬁ Nuclear Physics
sy Y
» Los Alamos

COBRA
DCBA
NEMO
CAMEO
CANDLES
CUORE
EXO
GEM
GENIUS
GSO
Majorana
MOON
Xe
XMASS

Sept. 2003

A Great Number of Proposed Experiments

Te-130 10 kg CdTe semiconductors
Nd-150 20 kg Nd layers between tracking chambers
Mo-100, Various 10 kg of pf isotopes (7 kg of Mo)
Cd-116 1t CdWO, crystals
Ca-48 Several tons CaF, crystals in liquid scint.
Te-130 750 kg TeO, bolometers
Xe-136 1 ton Xe TPC (gas or liquid)
Ge-76 1 ton Ge diodes in liquid nitrogen
Ge-76 1 ton Ge diodes in liquid nitrogen
Gd-160 21 Gd,SiO;:Ce crystal scint. in liquid scint.
Ge-76 500 kg Ge diodes
Mo-100 Mo sheets between plastic scint., or lig. scint.
Xe-136 1.56 t of Xe in lig. Scint.
Xe-136 10 t of liquid Xe
Elliott, TAUP 2003, Seatfle, WA 14
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@) Why Germanium

Germaniumisag ... / \ | 1|
excellent energy /LR Y\ lows finer
binning, so less b "]/ 2y V| S |2
irreducible backg ..l / ' hich can
only be distinguisl 0

0.54 | \ A%

A AN
e considerable exy oo oz 0s  0e 0e 1o ) Moscow,

K_/Q

IGEX, Majorana. >ome nope Tnat we know packground
sources & can reduce it.

» enrichment possible (but expensive)

* possibilities for further development (segmentation)
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Py 5

Lesson from Previous Experiments o

GERDA

103 . — : : e — : .
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Suppressing External Backgrounds

Goal:
Reduce external

- 7 . backgrounds to
. .7 I\ 10-3/keV/kg/yr
. /By \ with LN, factor
1 ’
. jl i i) \'\ 10 less with LAr
Y a
L i::.‘_'lé' l . ::Zfl
Ll |
s1 | | S
R | 7 ly
Vo I
\ | LNV
\i. v o @ 10 m water vessel
s S @4 mCu cryostat
Y ocuanmang|
T s 45 m3 of LN (LAT)
650 m3 of water

cylimdrical wakertank: W 10n: H 3,90
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Monte Carlo
Y first year
statistics

Background sources: $
1

T,,=10%
» Cosmogenically produced 8Ge
and ¢9Co v

- U/Th contamination, ¢1°Pb on
surface

Sianatures: i
/ghartures- Signal: Background (°Co):

Signal has two electrons in final
state — range ~mm

Background sources mostly vy
with E>2 MeV

Compton scattering dominant
interaction, range ~few cm
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Phase |

HdM & IGEX
p-type Ge diodes

J

S
R

Cu 80.8 g
Si 45g 1l /
PTFE 6.49g - y

[ s m s
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@) Detector Setup é

GERDA

Phase II detectors

18-fold segemented detectors
(true-coaxial, 3x6, n-type)

2 electrons deposit energy
locally (d = O(1 mm))
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* LoI to LNGS with proto-colla GERDA

The GERmanium Detector Array for the search

1.0 Smei.r prOPOSGI of neutrinoless 33 decays of “Ge at LNGS

I Abt7, M. Altmann?, A.M. Bakalyarov®, 1. Barabanov?, C. Bauer?, M, Bauer®,
E. Bellotti 7, 8. Belogurov #®, 8.T. Belyaev®, A. Bettini *, L. Bezrukev?, V. Brudanin®,
° ° ° C. Biittner?, V.. Bolot-sk_}' B AL Caldwell?, C. Cattadori®?, M.V. Chirchenko®,
° C ' | b T ' | O, Chkvorets®, H. Clement ‘, E. Demidova®, A. Di Vacri®, J. Eberth®, V. Egorov?®,
o a ora 'on was o 'C l a Y c E. Famea®, A. Gangapshev?, G.Y. Grigoriev®, V. Gurentsov?, K. Gusev?®,
W. Hampel®, G. Heusser®, W, Hofrnann®, L.V, Inzhechik®, J. Jochum®, M. Junker®,
:.‘ —de :*. acke o o= - on — -‘: - :_ P .‘&-) 8. Katulina®, J. Kiko®, LV, Kirpichnikov ®, A, Klimenko®, K. T. Knépfle®,
)
d

1, Kochetov®, V.N. Kornoukhové®, R, Kotthaus?, V. Kusminov?, M. Laubenstein®,

arT T oA i ar T T aa LA T T 1 e T

Interferrometrische
Station

BB Heidelberg Moskan
: Dama / Libra
GeniusTF
Halle B
Halle A Icarus
GERDA e
1400 m * B Milamo

Borexine + CTF

LUNA
Opera

3.800 m.w.e

Germanium-Labor
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Aaed
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@) Some Pictures

LArGe Facility @ LNGS

Underground laboratory for detector refurbishment

and testing of phase-I| detectors
Wasghstand with high-purity water supply

Fume hood with charcoal filter and vent

Zeuthen 4-Oct-2005



Graded shield: ||
Copper 150 mm

Lead 100 mm
Steel 230 mm
PE 200 mm

Tif

L

A

2400 mm

2000 m i

Zeuthen 4-Oct-2005
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@  somePicwes J&

HD-Moscow's KI-detectors were
handed over to GERDA
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(@) Some Pictures @

Production of 37.5 kg enriched Ge in Siveria (ECP)

Enrichement completed - next steps:

* purification of enriched Ge (99.9% —-99.9999% pure)
* reduction

* monhozone, polyzone refining

- crystal growing

» detector production

TFEreN

i '\ .“":1:' =] % -5 '\ el K.
P, & g =3 Rl | | - | .

o V% 2 e < ,
e L 2 L

=
1/ % S\
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Test Stands @ MPI Minchen

Teststands at the MPI Munich are | ; quid N2 teststand
under construction:.

Test bare crystals in liquid nitrogen
for handling, robustness, resolution

(n-type and p-type)

Investigation of detector properties
such as dead layers, segmentation,
crystal orientation effecte otc ir
vacuum teststand [/

Compare calculati b
with data

p-type I
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) GERDA Physics Goal

95% CL
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Of course, we hope for a discovery |

E 27
£ 10
10 26
Commissioning
2007 o

Allen Caldwell, MPI Miinchen

Discovery Range -

flat prior

:Backgr‘ound rate /kg/yr

"

Cuoricino

2
10

WMT (kg—Years'
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