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2V-B3 Decay
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Ov-Bf Decay

yet;

> 1024 - 102 y;

nce in Ge-76 by part
Moscow Collab.

OvpBp can be generate
sexchange of light Major
SUSY

Schechter & Valle:
if Ov[33 observed = v is Majorana particle!
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Physics motivations

1) Dirac vs. Majorana patrticle: (i.e. its own anti-particle)?

OvBB3 = Majorana nature -

Majorana = See-Saw mechanism
For my~ (Am?,.)Y2, mp~m, = M,~ 10"GeV

Majorana = CP violation in M, = higgs + lepton = Leptogenesis =
B asymmetry

2) Absolute mass scale:

Hierarchy: degenerate, inverted or normal
(effective) neutrino mass
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Ov-Bf Decay

(A, Z) - (A, Z+2)+e] +€e5

u -
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>
Ve = Vg AL=2
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Assume leading term is exchange of light Majorana neutrinos

1 — 2 2 «— Effective neutrino mass
T1/2 (OV) =G M2m ee

Phase space Nuclear matrix element
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GERDA

Effective Majorana mass

mee — ‘ZI Uei2 mi‘

U, complex:
— sensitive to CP phases (ptimisto)
—> cancellation possible (pessimist

NB: Beta-endpoint (Katrin)

mve: (ZI |Uei2‘ miz)ll2
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If CP is conserved:

Mgg .
Ueal My Ugsl? My RelMg|
UeoP M,

S. Schoenert, MPIK Heidelberg — Workshop on Precision Measurements at Low Energy, PSI, January 18/19 2007
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,215: Destructive interference possible
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523[:1_3 {_ﬂr'ﬁ' 0 {;.frik'z] ,-"'2 0
I [(Yaq [
SRR e C23C13["I‘ ) 'kO 0 e’ ..1]'2)
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.\ Experimental evidences for
neutrino oscillations

e " Vuv Ve Vi

solar- and reactor-

Am?2_, 08-10° eV?
in220,,00.8

S CrEne

Rock lining

WRe| Outer water tank

Inner tank_
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Input for m,, from v-oscillations

Solar/Reactor - v: 6,,, Am?_,  Atmosph.- v: Am?_, .~ Reaktor-v: 6,

A m,

Am?2,;
mZ % Amzjo:n
m m
3 3 IAmzsoI '
M, —roriNH
Mass Am?
m, G + A2, )17
SO
m,, h{ m3 T (m12 + Amzsol + Amzatm )1/2
Am?2
v sol v
m; m;
NH IH DG

m,, = |cos20,;(m, cos?8,, + m, e sin20,,) + m, e2P sin20 ]

:>mee = f(ml’ Amzsol’ Amzatm’ 612’ 913, G1B)
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Predictions from oscillation

experiments

e F.Feruglio,
- 5 90% CL (1 dof) A. Strumia,
[ F. Vissani,
ee NPB 659
107!
%
E 102 ;
L A0 T 90% CL
E i
I[ — Negligible
= ‘ ] errors from
10 i oscillations;
1 width due to
i | CP phases
107 i
1

1074 1077 1072 107!
lightest neutrino mass in eV
m,
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Claim for evidence for 33(0v)

H.V. Klapdor-Kleingrothaus, A. Dietz, I.V. Krivosheina, O. Chkvorets, NIM A 522 (2004)
(sulbgroup Iof Heidglberg-Moscow Collaboration)

Heidelberg-Moscow data:

il _ ) «Nov 1990- May 2003
i «71.7 kg year

20 i A ; I «Bgd 0.11 / (kg y keV)
g VY ] I
g” A e «28.75 + 6.87 events (bgd:~60)
3 | }/ i 4.2 sigma evidence for Ovpp

10 .":' S e AL AN

TR R e i «0.69-4.18 x1025 y (3 sigma)
5 ' '1",' \ A , *Best fit 1.19 x1025 y
Moo a0 2020 2030 ‘r 2040 2050 ‘ 2060 ‘M = 0.24-0.58 eV
Energy. ke best fit 0.44 eV

Fig. 17. The total sum spectrum of all five detectors (in total
10.96 kg enriched in 7®Ge), for the period November 1990 May

2003 (71.7 kg year) in the range 2000 2060 keV and its fit (see NB. Statistical Slgnlflcance
Section 3.2). depends on background model!
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Experimental sensitivity:

w/o background

Experimental life time number of nuclides under control [ M

\ N T - live time
N

T =
Ng

number of detected decays

Background free limit:
0 cnts in the analysis energy window = Poisson upper limit: N,

Remember: | 790" — 09|~ = ¢ En.z)‘ M8y — S MP

<m\.>:’
84
NN T const
T > OM-T = <m> <
NP (M T)1/2
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ASensitivity: with background

If no decay is observed in presence of Ng background events in an energy window AE:

f

SRICREIES i
Ny =b M TAE b: background index [1/(kg - year - keV)]
o N T : ( 1/2
(b M T AE )12 b AE
b AE \1/4
— <m> < const. ( e,
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Comparison of DBD Isotopes

TOV B 1
vz — r(Q5,) M2 <m,,>2

GERDA, Majorana

Ny, = N, d“%“mm >?

isotope Qpp nat.abund. rel.A relll rel. M? Ngiq
6Ge > 76Se 2039 keV 7.4% 1 1 1 2.4
82Se =»82Kr 2995 keV 9.2% 0.93 4.4 0.71 7.0
100\ 0 = 190Ry 3034 keV 9.6% 0.76 7.2 0.23 3.0
130T e »130X e 34% 058 6.9 0.33 3.2
136X e »136Bg 8.9% 0.56 7.4 0.15 1.5

for 1000 kg v, < rom V.A.Rodin et al, Nucl. Phys. A766 (2006) 107.
NEMO3

Super-Nemo

Cuoricino/Cuore
EXO
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Two new °Ge Projects:

LAGERDA T4

I I List of institutions: ﬂ
INFN LNGS, Assergi, Italy
I JINR Dubna, Russia
Institute for Reference Materials, Geel, Belgium
mmm MPIK, Heidelberg, Germany

Univ. Kéln, Germany

- Jagiellonian University, Krakow, Poland
LIniv. di Milano Ricoceca e INFN. Milano . Italv
INR, Moscow, Russia
ITEP Physics, Moscow, Russia

*Array(s) of €"Ge housed in high-purity
electroformed copper cryostat

Kurchatov Institute, Moscow, Russia *Shield: electroformed copper / lead
MPI Physik, Miinchen, Germany -Staged approach based on 60 kg
" Univ. di Padova e INFN, Padova, Italy arrays (60/120/180 kq)
Univ. Tubingen, German
J Y ISS range 4_'

d exp. techniques

*~80 physicists, 13 institutions, 5 countries

*approved Nov 2004 at LNGS achnologies (e.g. MaGe MC)

'Staus: under constiuelion | .. .« «e.., .. (inv. Hierarchy)
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£

Lo

2.10% (90 % CL) *

=]
3.10%5 (90 % CL)* F

KK—s | |

*: no event in ROI

required for ‘background free’

Phases and PhyS|cs reach of GERDA

—— e <50 meV
o <170 mev
assuming

[prasen
Phasel |

~ |Prasen

Liiid 3\ i

10

exp. with AE~3.3 keV (FWHM):

)
10

exposulr% (kgy)

[IM%|=2.5 [Rod06]
and 89% enrichment

O(103) O(104) counts/(kg-y-keV)

Background requirement for GERDA:
—Background reduction by factor 102 -
—Degenerate mass scale O(102 kg-y) = Inverted mass scale O(103 kg-y)

103 required w.r. to precursor exps.
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Phase || )

659 9dN ‘IUESSIA "4 ‘elwnis "y ‘oljbnia4
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1074 LS, A 5w azaces i _
10 1073 1077 107! 1

Lightest neutrino (m ,) in eV
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GERDA design

uffer/ muon veto

< le ¥ vessel

argon

Array

WA
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GERDA underground facilities at LNGS

Gerda 7/ '
eraa ' 4y, Br-pss
// / /:fﬂﬂ/ ’/L::/ i
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4 o 7277770000777
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ey
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7/
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g
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Cryostat

*VVacuum insulated stainless steel cryostat
with internal Cu liner (stainless steel factor
~100 more radioactive (238U, 232Th) than
Cu)

@ outerxheight 42008900 [mmxmm]
sinner vessel volume 70 [m3]
sempty vessel 25,000 [kg]
emax. load inner vessel:
LAr 98,000 [kq]

*Cu shield 20,000 [kg]

on Precision Measurements at Low Energy, PSI, January 18/19 2007



Infrastructure on Top of

Platform

Lock with tubes for cabels

Clean room with lock on platform

Rail system to
lower position
and lower

individual strings
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T

Since Nov. 2005: 17.9 kg of
enriched Ge-detectors

underground at LNGS;
Characterization

completed
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Phase | Detectors:

Prototype tests of (natural) low-mass detector
assembly in liquid nitrogen

1000

GOCO
1000
800-

[
- | 500} — _‘2_2 keV |
S 600 (FWHM)
®)
§2]
S 400 0 7900 8000
@)
@)

0 |

0 2000 4000 6000 8000

Channel




Phase Il Detectors:
Procurement of enriched Ge

- ot *Enrichment of 37.5 kg
PR s~ Ge-76 completed in
g 9

Sep.05

2 Plain 2 Plateau

i Aot Sl e L D *Transportation of Material

e < A A e IO ° to Europe by truck in

: ‘ spring for further
processing

-*”f“""“"f.;,,f, TNt FEDERATION gnad

<7

olga %, N o]
) 3 Samara Ch 'nskl.l_ Plain Y P I (3
L ig\ﬂ;\ . J-élﬂ’ yumen Toms — oo
i, | Orenburg msk p ) >\'_
40° EES?"W. *“""“"}Ek‘tv Kuw < c. ‘-\ ’>

i Nove 'b"Kk = o
IOVOSIDIrS| ﬁh]kﬂ? A
Georgia * S\ Barnaul ,, TKyZyie o % l" i )
MIDDLE Astana *\fr
EAST =~ Bayka
(ASIA) X

*Specially designed
N e S e protective steel container
Be:E::nof:::c:“mmt‘mns.mg large Y Capital City ¥ Regional Capital City }Lh reduces aCtlvatlon by

cities surrounding Moscow are not shown ® Significant City » Important City - Town }S’\c-rn
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£300

=

8 250
200
150

*6—fold—¢ segmented
p-type 100
«18—fold (6-¢; 3-2)

segmented n-type >0

0 1

26000

=

gs000 |
4000
3000 F
2000 |
1000

Phase Il Detectors:
“True-coaxial” natural detectors

18-fold segmented detector
(in standard cryostat)

= 60Co

Core signal:
2 keV FWHM

Fraparmse

02 04 06 08 1

Loyt |
12 14
E [MeV]

One segment signal:
3.5 keV FWHM

v b T T T
0.2 04 0.6 08 1

. | |
12 1.4 1.6
E [MeV]
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Backgrounds in GERDA

Source

Ext. y from 208T| (232Th)

Ext. neutrons

Ext. muons (veto)

Int. 8Ge (t,,= 270 d)

Int. 9Co (t,,= 5.27 y)

222Rn in LN/LAr

208T], 238U in holder

Surface contam.

B [10-3 cts/(keV

kg y)l

<<1

<0.05 Muon veto

<0.03 180 days exposure after

12 €= cnrichment + 180 days

underground storage

2.5 \

<0.2 30 days exposure after
' crystal growing

<1

<0.6

derived from measurements and MC simulations

Target for phase Il: 2 B <103 cts/(keV kg y)
—> additional bgd. reduction techniques
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™\

GERDF#

ackground reduction techniques

e Muon veto
e Anti-coincidence between detectors

e Segmentation of readou
(Phase Il)

* Pulse shape analysis (F
e Coincidence In decay ct
« Scintillation light detecti
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£

Background reduction techniques

e Muon veto
e Anti-coincidence between detectors

e Segmentation of readout electrodes
(Phase II)

* Pulse shape analysis (Phase [+ll)
e Coincidence in decay chain (Ge-68)
« Scintillation light detection (LArGe)
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Example: Internal ®°Co

<)
52714y I
5+ 0 w & o
I 60 o AT
i SV 4
27C0 Roe g &
© oy T&’Q}' T
Qp_=2823.9 S No VS
b= ISR
99.925% L5y 47 VO O W 2505.765 () 5
<0.0022% >13.3", 2% XSRS 2158.64 ¢
- o \7 ps
1T Yo 1173 Me
0.057% 15.02, 2% S 1332.516 (713 s

B:E,. =318 keV

I Y,: 1.332 MeV
60nrs 0 stable
2gNIi

{]+

* T, : crystal growing

* 0.017 uBag/kg per day exposure

» Test: detector production in 7.4 days

» Assume 30 days = 2.5 103/ (keV-kg-y)
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Energy deposition in ™
. . \
surrounding medium !

-
-

2505.765 ( 5 s

&
52714y e
5t 0 P
~ 60 0P A
27C0 He e @
Qg =2823.9 e v §
' SO e &
- 99.925% 754+ VOIS O X
Multi-site energy <0.0022% >13.3, 2* S
deposition inside’ 0057% 1500, 2* ,

2158.64 ('5g

. HP-Ge diode

1332.516 () 713 ps

0 stable

60nI;
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°0Co background spectrum

> g o
_92 - MC simulation Y1 Yz
D I | |
c
S 3
o
© }
oho L
1 S I N
Cooooo b e e b ey
0 0.5 1 15 2 2.5 3

energy (MeV)
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°0Co: suppression by segmentation

MC simﬁulation Q
- BB

countgkeV

02

o b

1 S I
Cooo o e b o ey
0 0.5 1 1.5 2 2.5 3

energy (MeV)
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°0Co: suppression by segmentation

- MC siniulation

countgkeV

illustration: 1 e B
Simple 7-fold segmentation 0 0.5 1 1.5 2 2.5 3
energy (MeV)
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z"’ SEG_NCrystals
Z210° | ws_osns| probability per
10' | decay to deposit
10° . energy within QBB
oF ~1 ROI per 1 keV
"’E energy bin after
.:'; L combined cuts:

N (18-fold segm.)
Number of segments

g . e ] P = 4.7.105/keV
z10F Mean 5050
0k (factor ~35
10| reduction w/r
6¢p-3z ? to single unseg.
. 1025— _
segmentation; BN cgmens =1 detector)
Prototype under *g@ L
construction 0 5 10 15 20
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Phase |l detectors

1.6 kg 18-fold segmented true-coaxial n-type

= All svents

— Single segment events

SN B e v | 1 (3()Ei|:
0 500 1000 1500 2000 2500 3000 . ‘g .

E [keV] «Study of y identification

and suppression factors

L
k= = All avents
o .
Z10° . L -
© Single segment events % 2500 B at QBB 2 100 dependlng
2 . = All events :
- =z on source location
=] 2000 __ Single segment events l
10° i
1500 |
10? B
1000 |
10 i
500 |-
1 7| 11 | | 111 | | 111 | | ] I | | 111 | | 1 A [y 2B Tk, gy = L1 k : 7 | 3 e
0 500 1000 1500 2000 2500 3000 0 1560 1580 1600 1620 1640 1660
E [keV] E [keV]
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rate [hz] | Ao Th'232
ﬂ.ﬂﬂs - Ga sigral - bkgd
G sigral wilh LA veln

0.0025

G sigral - kg with LAs welo [

0.002{7

0.0015

0.001

0.0005

1%0 - 1800 | 2000 2211('2!: 2400 smu
Energy [keV]
1 ton liquid argon detector Suppression limited by size of Dewar (20 cm @)

under construction

S. Schoenert, MPIK Heidelberg — Workshop on Precision Measurements at Low Energy, PSI, January 18/19 2007



%0Co: segmentation and LAr Ge-anticoinc

MC simiulation Q
: BB

Liquid Argon

countgkeV

LAr anticoi§nc

0 05 15 25 3
energy (MeV)
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%_ Off-spin of GERDA LAr R&D
" for DM search

Pulse shape discrimination studies

Data with AmBe n/y source

[ Projection at 60 kev: Blue-AmBe, Red-Th228 | LiQUid Argon for DM
: — Search
510 60 keV V|S|b|e energy (WARP, AI’DM, CLEAN)

102

Neutron recoils Discrimination of Ar-39
background?

-
(=]

Q_IHI| T IIIIIH|

-

gL

I I B L1 [
0.1 0.2 0.3 0.4 0. 0.7 0.8

1 | | I -
0.9
fast/total

20 kg active LAr target
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Summary & Outlook

*GERDA: probe Majorana nature of neutrino with sensitivity down to
inverse mass hierarchy scale

phase | : background 0.01 cts / (kg+keVy)

» scrutinize KKDC result within 1 year

phase Il : background 0.001 cts / (kg+keVy)

» T,,>2:10%%y, <m_><0.09 - 0.29 eV

phase Il : world wide collaboration

» T,,>~108y, <m_> ~10 meV
«2007: Experimental installations (Cryotank, water tank, building etc.)
«2008: target for detector readiness

S. Schoenert, MPIK Heidelberg — Workshop on Precision Measurements at Low Energy, PSI, January 18/19 2007



GERDA collaboration

GERDA MEETING
DUBNA, 27 - 29 June, 2005

S. Schoenert, MPIK Heidelberg — Workshop on Precision Measurements at Low Energy, PSI, January 18/19 2007



