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Neutrinos

Neutrinos and Photons are the most abundant particles
Standard Model of Particle Physics: very successful
masses, Higgs, DM, SUSY i

MNeutrinoe desert

What is the G“*fiw ===
origin of the "Vg:r

properties of v are key oo crme
spin 2, no charge Jeft-handed

mass: yes (from oscillations), but value ?
Cosmology: flat ACDM X m, ,)
= 5imi-|Uig|© < 2,3eV

Mye =
< 0,4eV

[3-decay: Tritium
Ov2p: eff. mass  mpg=|Zimj-Ue |
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mass of v
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hierarchy and limits

Tritium B decay: <2,3eV

Cosmology : <0,28 eV
BB decay : <0,4eV
2
<mv>5 m, = |y U,m =| U,|e
5 Ui 5 Ju.

PMNS - Matrix

BB decay likely to give the
most stringent limit on
mass

B decay : mi:zk ‘ Uek2‘ m
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search for properties of v !

absolute mass scale, hierarchy

most interesting: is v of Majorana type?

Vv

outline :

Ov2(3 decay

requirements

methods and experiments
GERDA

conclusions

v ¢ ¢ & &
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Vv
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Weizsacker mass formula

Er=a,A- a8 - a Z(Z-1)A13- a A I(N-Z)2 +- 5,
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double beta decay

2"! order allowed weak process
(AZ) - (AZ+2) +2 e + 2v,
e
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double beta decay

2"! order allowed weak process
(A, Z) - (AZ+2) +2 e

©

n P>
W% p’

= 2e,
w
n p_
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(Ov3B)

Gamow-Teller and Fermi

‘M ga/gv) ]\4GT‘2

Neutrino = Anti-Neutrino
(Majorana type)

* must have finite mass
* violation of lepton number

conservation AL=2
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spectral shapes

sum energy spectrum of both electrons

2V[3[3: spectrum

£ 0016 a 2vBB
014 | n=7

250 500 750 1000 1250 1500 1750 2000
energy [keV]

2[32\}: T1/2 ~ 10(18'21)y
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spectral shapes

sum energy spectrum of both electrons

OvB: peak at Q-value of nuclear transition

£ 0016 g 2vBB OvBp

=
E\ -

g0014 | n=7
..e L
5 0012 E

observation of peak ?
P - Majorana nature

measured quantity: half-life

001 F

0008 [
0006 |
0004 |

link to eff. neutrino mass

0.002

0

250 500 750 1000 1250 1500 1750 2000

energy [keV] 1/T1/2 = PS (mv/ me)z

Nuclear physics
2B2v: Tqjp ~ 10U18-21)y input needed !

ZBOV T1/2 > 1025 )
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requirements

Process.

R = 1/T,, = PS* ME2 * (m, / m,)>2

+ count rates

+ backgrounds

+ contaminations

+ candidates (Q-value, nuclear matrix elements )
+ detectors
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back of the envelope

assume background free; Ty >> f{;

For half-lifes of T4, = 1025 yrs
Ngs/ t =1 event/yr

Tp=1n2 ¢ (NJA) « M+ (N, / 1)

This is about 10 moles of isotope, implying ~kg

for 76Ge : 2,1 kg @ 86% enriched

Now you only can loose:
nat. abundance a, efficiency €, background B, ...

19 6GeO, for 50 €
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halflife estimate for Ov[3[3

Tp=1In2 ¢ (NJA) * M« (N, / t)

signal sensitivity = stat. precision of background N_, . = VNg,

background ~ detector mass

TyaOaee[ (Mst)/ (AEeb) ]¥2

| | N~[AEeD)/(Met)]'/2
: isotopical abundance B

a

€ : detector efficiency /
M : mass /\

t I

: measuring time
AE : energy resolution -
b : background cts/(keV kgyr) @4AE Q Q+AE

Region Of Interest
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resolution
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228Th spectrum

GERDA-LArGe

no cuts
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228Th

appears in
natural decay
chains

FEP

big source of
backgound

radon

76Ge:
Qpp = 2039 keV
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candidates
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candidates

OvBB decay rate scales with Q°

2V decay rate scales with Q'

natural a decay : 2615 keV

Tiibingen, May 13, 2011
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GERDA

QRPA: A. Faessler, F.Simkovic, V. Rodin NPA 766 (2006) 107 corr
Nuclear Matrix Element

Nuclear Matrix Elements
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Shell Model: Strassbourg-Madrid; Caurier, Poves IBM: Barea,lachello
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methods and experiments
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methods

aim at 100 meV scale 0 B <10-%/(keV kg yr) ,

CaIOrlmetnC. T two orders of magnitude better than now
<\z\:\ -t very clean materials
+ very large sensitive masses
several 100 kg:
source = detector CUORICINO/CUORE, bolometers
Measure sum energy with GERDA, MAJORANA Ge diodes
calorimetric techniques + per-mille energy resolution

Ge semiconductor, bolometers

tracking:

+ background suppression via event reconstruction,

? but 2v23
— energy resolution (to distinguish 2v2p0)
— “dilute” detectors, need large space
_ + several nuclides possible (I select high Q)

source # detector NEMO3: tracking, calorimetry, B-field,
071,>58102y0 M,<0.4-1.4meV

O Future: SuperNEMO , NEXT, COBRA
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experiments
NEMO/SuperNEMO

cuoricino/cuore

Majorana/GERDA

Candles
SNOW++
MOON
COBRA
LUCIFER

EXO/NEXT

Tiibingen, May 13, 2011

48Ca
150N d
100M0
CdZnTe
CdWOy4,

1 36Xe

£

..@..

DC tracking
bolometer

lonisation

szintillation
szintillation
MWPC+PLfibres
lonisation+track?
bolometer

TPC
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£

[ Teel J
o0
GERDA

S . ot 20 segments with thin foils
~ %~ 3D readout drift chambers
i), A surrounding 1940 plastic szint.

A B=30G (Eyac= 98%)

Mo (6,9kg), Se(0,9kg),Te(0,45kg)
Cd(0,40kg),Nd(369)

_'*I 2  Modane : 4800 mwe

£=50% @ 1 MeV
AE = 11-14% FWHM
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NEMO

100MO

Events/51 keV

Q = 3034 keV

Tgy = 7,8 1018y

AE = 250 keV @ 3MeV
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GERDA

CUORICINO/CUORE

62 crystals in 13 planes 128Te and 130Te

5x5x5 cm? TeO, bolometers: M ~ 30kg

OFHC Copper & Teflon

T=8mK
b =0,2 cts/(keVkgy)

Vamday eage
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Cryosal R
He liquelic
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o e @
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| aeuum puinps
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CUORE
130Te in CUORE

QBB = 2530 keV

|
988 TeO, bolometers |
in 19 towers

M = 750 kg
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GERDA

CUORICINO/CUORE
130Te in CUORICINO

calibration

Qq, = 2530 keV

OV 0.0 ) : | i
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O.@.C

°Ge experiments
previous experiments: HDM (5 det) and IGEX (3 det)

Klapdor-Kleingrothaus et al. Aalseth et al.
Phys Lett B586 (2004) 198 Phys Rev D65 (2002) 092007
71,7 kgy 8,9 kgy
: 25 : 25
T..,> 1,910 % y (90%CL) T..,>1,6 10 2 y (90%CL)
. \ A 116.75 mole.years - 8.87 kgy in '°Ge
i 1 12—
' f ol Tip(0v) >1.57x10%° yr (90% CL) |
- i I3 o <m > < (0.3-1.1) eV _
) | ﬂﬁh Ji ,HM % 6 20345 ke
16 ' | e L ' IR 5
: { il Ui~ mPLA21 (2006):
LA ] e m 18 O, 27< mBB < O, 4 eV 2020 2030 Energ?c()kev) 2050 2060
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sensitivity of GERDA
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comparison

T,.0aee[(Met)/ (AEsb) ]2 M*t =money

The experiments from the
AExb point of view
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strategy

Which choices should me make?
there is no super-DBD-isotope !
check on different isotopes for systematics
+ detection techniques

+ Dbackground contributions
+ NME
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GERDA — the collaboration

M. Agostini™, M. Allardt®, E. Andreotti®¢, A.M. Bakalyarov!, M. Balata?,
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E. Bellotti%", S. Belogurov®J, S.T. Belyaev!, G. Benato®?, A. Bettini®?, L. Bezrukov/,
T. Bruch®, V. Brudanin¢, R. Brugnera®?, D. Budjas™, A. Caldwell™, C. Cattadori9",
F. Cossavella™, E.V. Demidova®, A. Denisov?, S. Dinter™, A. Domula®, V. Egorov?,

F. Faulstich™, A. Ferella®, K. Freund”, F. Froborg®, N. Frodyma®, A. Gangapshev’,
A. Garfagnini®?, S. Gazzana®®, P. Grabmayr”, V. Gurentsov’, K.N. Gusev ',
W. Hampel/, A. Hegai”, M. Heisel/, S. Hemmer®?, G. Heusser/, W. Hofmann/,
M. Hult¢, L. Ianucci®, L.V. Inzhechik?, J. Janicsko™, J. Jochum”, M. Junker?®,

S. Kianovsky?, LV. Kirpichnikov*, A. Kirsch/, A. Klimenko®’, K-T. Knoepfle/,
0. Kochetov®, V.N. Kornoukhov*J, V. Kusminov?, M. Laubenstein®, V.I. Lebedev!,
B. Lehnert¢, S. Lindemann/, M. Lindner/, X. Liu?, A. Lubashevskiy/,

B. Lubsandorzhiev?, A.A. Machado/, B. Majorovits™, G. Marissens®, G. Meierhofer”,
I. Nemchenok?, S. Nisi® C. O’Shaughnessy™, L. Pandola®, K. Pelczar®, F. Potenza®,
A. Pullia?, M. Reissfelder f, S. Riboldi?, F. Ritter”, C. Sada®?, J. Schreiner”,

U. Schwanf, B. Schwingenheuerf, S. Schénert™, H. Seitz™, M. Shirchenko 4,

H. Simgenf, A. Smolnikov/, L. StancoP?, F. Stelzer™, H. Streckerf, M. Tarka®,
A.V. Tikhomirov!, C.A. Ur?, A.A. Vasenko*, O. Volynets™, M. Wojcik?, E. Yanovich/,
P. Zavarise®, S.V. Zhukov'!, D. Zinatulina?, F. Zocca?, K. Zuber®, and G. Zuzel®. 4 O FTE

INFN LNGS, JINR Dubna, MPI Kernphysik Heidelberg,
Jagellonian U. Cracow, U. Milano-Bicocca, INR Moscow,
ITEP Moscow, Kurchatov Institute, MPI Physik Munchen,

U. Padova, U. Tubingen, TU Dresden,IRMM Geel, ETH Zurich
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GERDA — the novel idea

G. Heusser, Ann. Rev. Nucl. Part Sci. 45 (1995) 543

“...low Z material around detector...”
“...mount the Ge diodes directly in cryo-liquid”

reduced radioactivity of environment (el
less muon-induced background

Ge diodes — enriched to 86%

liquid argon

stainless steel cryostat

water to moderate neutrons and
as muon veto (Cerenkov)

— HdM, Majorana: closed compact shieldin
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HdM/Majorana vs. GERDA

HdM non-enriched prototype

~129 vs.~2Kkg
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°Ge experiment GERDA

°Ge: Source == Detector GERDA:
QBB = 2039 keV

large mass of enriched material [,44% — ~86%
high energy resolution <4 keV

separate Ov([3 from 2v(3[3
set smaller ROI

low background <107 cts/(kg'y'keV)
passive : LNGS @ 3800 m.w.e. (reduce )
Watertank, LAr (avoid n,cosmogenic)

selection of material (reduce Th,U)

active : Muon veto

segmentation, anti-coincidence
PSA
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GERDA @ LNGS

Tiibingen, May 13, 2011
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Stainless Steel Cryostat

Double walled SS container

reduce Cu shield from 40 to 16 t
(1t~ 8000 €)

LN, test

evaporation

& < 4Nm3/h
300 W

222Rn: 14 —30mBgq
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GERDA-Experiment

Reinraum mit Schleyse
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construction @ LNGS
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construction @ LNGS

March 2008
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construction @ LNGS
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March 2009

Clean room, lock

cryogenic
infra structure
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M.

Knapp, F. Ritter, K. Freund
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GERDA

Monte Carlo

96252 muons with energy deposition in Ge
(equivalent to 14 years of running)

—
o
)

247 muons not detected
coincidence of 4 FADCs within 30ns

-
o

Anzahl an Depositionen
<

M.Knapp, PhD
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Energiedeposition in Germaniumdetektoren [MeV]
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all PMT only pillbox

| | Panels above cleanroom |
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multiplicity
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multiplicity

3
10 = all Events, scale factor 0.01
[ all Events with 2 Panels fired
B Events with At < 50ns
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multiplicity

B -alleuents .
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muon rejection efficiency € > 97 %
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or installation







mounting diodes

Ge diode
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energy calibration
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42Ar

GERDA proposal: “42Ar/natAr < 3 10-21
Barabash et al (2002)

GERDA measurement
5120 [ %‘ 2- 12.360 h
S r g A2 N
X T 18 B 19|‘( g
<100
> - Cp-000 Qg 35254
< 80—
3 -
5 [ B
(o]
60— 42
. 20Ca
40_— oo 12.360 h
i mini- v
20— shroud Q, <3525.4
B 007% 50,3 3446.96 55 1
e o ) ool el 0ol sdad 6L M 10 an L RCLIE | Nl 4+ 2752.41
1%00 1450 1500 1550 1600 1650 005% 90, 2% 242417 1407
Energy (keV) 034% 9.9 0* 1837.3 397 ps
17 649 76 2% 1524.73 '032 ps
17.64%
GERDA reSUIt: 81.00% _gs' 0% 0 stable
. . 42
True value could 10 times higher 81.9% 20Ca
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pulse shape analysis
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pulse shape analysis
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neutron flux in underground labs

0’@'0
C 1 )
GERDA

Measurements: difficult, selective, incomplete
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Tiibingen, May 13, 2011

Measured neutron flux in several underground laboratories.

1 LNGS, P. Belli et al. [5]; 2 LNGS, A. Rindi et al., [6] ;

3 LNGS, F. Arneodo et al., [7] :4 Modane, V. Chazal et al., [11] ;
5 Broken Hill, S.R. Hashemi-Nezhad ad L.S: Pearl, [13]

P. Grabmayr, Kepler Center Tiibingen
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calibrations

select source for

lines close to Qpg 228Th (°6Co,238U)
reasonable T1/2 1,9y
low a — energy 7,7 MeV

select holder for
good shielding
low emission prob.
select positions for optimal
parking E
calibration
F.Froborg, NIMA/PhD thesis

n spectrum

rons/(s kBq)

t
[
tn

0 2 4 6 8 10
E [MeV]
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neutron capture

A A+l = A+1
o Rty

@
Aluminum tube with thin A+1 >
Aluminum window Z — B + (Z+1 ) (Z+1 ) g T
Detector 1 /4’

/,/;4' | \ Detector 2
" Poystynsining coincidence technique for

study of decay schema
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(n,y) in the Qg region

I
5 PGe 7 TCe. Depleted target

2020 2025 2030 2035 2040 2045 2050 2055 2060
Energy [keV]

1 G. Meierhofer PhD2010
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background contribution

—
o
T
|

MaGe MC Simulation
w0 b b b e 1 by L Pandola

Counts/(keV n—capture)
|
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001
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g £
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1,7 x 10* counts/(capture)

1e-03

Compton:
0,55 x 10* counts/(keV capture
0,44 x 10* counts/(keV capture
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enriched GERDA detectors

Ge-Detectors from HdM and IGEX
(planned exposition = 18kg, 1 year)

E —

Heidelberg-Moscow detectors before IGEX detector before transport to
test in GDL Gran Sasso

Tiibingen, May 13, 2011 P. Grabmayr, Kepler Center Tiibingen



GDL:

installation of clean room
for diode preparation
and tests in LAr

within 10 days a limit for OVECEC on 3°Ar:
(liquid Ar contains 0,336% *°Ar;

4

x 10 .
2.5 ' ' ' — signature: EV=Q-EK-EL=43OkeV )
2 =
o 6000 A 4 .
T‘Eﬂ 1.5 40K E=430keV
g 1 4400 Counts
8 2 5000}
0.5 .y 214 %
. A 4000 -
o 3
0 |s00 1000 1500
3000 ' ' : ' : '
360 380 400 420 440 460 480 500
Energy [keV]

T1/2 >1,910"y (68% C.L.) [ ==> 107 y]
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summary

GERDA started commissioning
In summer 2010

verified background level of
< 107" cts/(kgykeV)

will insert first enriched diode
in June 2011

wait one year with 17.9 kg "°Ge
for first result on Ov(3[3
......... If he is right

Tiibingen, May 13, 2011 P. Grabmayr, Kepler Center Tiibingen
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