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Weizsacker mass formula

Eg = a,A - agA23 - a Z(Z-1)A13 - a A Y(N-Z)2 +/- O,
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double beta decay

2" order allowed weak process
(AZ) » (AZ+2) +2 e~ + 2V,
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double beta decay f;é:

GERDA

2"? order allowed weak process
(AZ) - (AZ+2) +2 e- (OV(R)

Gamow-Teller and Fermi
‘M ga/gv) AlGT‘2

—
=% )
1i‘e iy

4 Neutrino = Anti-Neutrino
(Majorana type)
0 g  must have finite mass
, * violation of lepton number
26= conservation AL=2
P,
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spectral shapes é.%.

O
sum energy spectrum of both electrons

OvBB: Peak at Q-value of nuclear transition

£ 0016 a 2vBB OvBB
50014 n=7

u

Observation of peak ?
== |\ajorana nature
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link to eff. neutrino mass

0.002
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energy [keV] 1/T1/2 = PS (mv / me)2

_ ) Nuclear physics
2B2v: Tq;p ~ 10018-21) input needed !

ZBOV T1/2 > 1025
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: L\
’°Ge experiments )
GERDA
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
T,,>1,9 102y (90%CL) T,,> 1,6 10 ° y (90%CL)
(0,69 - 4,18)
I : : . —] 116.75 mole.years - 8.87 kgy in '°Ge
' 1ol T1,,2(I0v)>1.5'lfx1025 yrl(QO% CLI)_'
i - E ol <m > < (0.3-1.1) eV
20! 1] 3 sl 2038.5 ke
: { ' M | il mPLA21 (2008):
AL LS o m i O, 27 < mBB < O, 4 ev 2020 2030 Energ?c()ke\q 2050 2060
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mass of the neutrino |

Neutrino oscillations:

mass is finite
(Suzuki, INPCO7)
Am2 =82 10° eV?

solar
Am? =27 107 eV?
still need:

* absolute mass scale

* hierachy

Tiibingen, 18. Jan. 2008
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mass of the neutrino |

direct measurement of m,, :

Tritium 3 decay

Mainz & Troitsk mg ~ 2,2¢eV

KATRIN (3H, 18.9keV) m,~0,2eV E-E,
MARE (187Re, 2.9keV) m,~0,2 eV
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18 Limit on neutrino mass density O limit on the sum of neutrino masses |

R T IS R LT ¢
B Power spectrum =

ok
k

Neutrinos speeds
are larger than
the escape
velocity from the
smaller
structures
Moving from
larger to smaller
density regions
neutrinos slow
down the growth
of structures
smaller than a
scale D. inversely

proportional to
neutrino mass

D, (Mpc )= 1/m, (eV) B
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Hierarchy and limits

Tritium B decay : <2,2eV I

Cosmology : <10eV 90% Cle doQ claim

BB decay : <04eV |
107
<m\)> = mee = |Z Uezkmk = |Z Uek 2eiaekn/lk

107% ¢

PMNS - Matrix

BB decay likely to give 103!
the most stringent |
limit on mass

1074 R
10+ 10~ 1072 107! I
lightest neutrino mass n eV
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history
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1934
1935:
1938:
1939:
1949:

1967:
1987:
200x:

A8\

[ Teel J
o0
GERDA

E. Fermi theory of weak interaction

M. Goeppert-Mayer discussed 2v[3(3

E. Majorana two component neutrino
W.H. Furry discussed Ov[3(3

First half-life limits (Fireman, Fremlin,...)

First geochemical evidence for 2v(3[3
First laboratory evidence for 2v3[3
First laboratory evidence for Ov[3(3 ?7??
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Neutrinoless 2[3 decay

Lepton number
conservation violated:

AL=2

Ov23 process possible only if: ¢ Neutrino has finite mass
¥ Neutrino == Anti-Neutrino (Majorana type)

rate: 1/t=G(Q) M, I} <m,,>’

(exp.) o *

Phase space _ Effective Majorana
factor Nuclear matrix mass

(~Q5;choose (A,Z)) element (hierachy)
(theory input)
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Nuclear Matrix Elements

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

50 @ RQRPA(g,=1.25) E
| m RQRPA(g,=1.0)
- ¢ e QRPA (g,=1.25) ]
40 ¢ T m QRPA (g,=10) -
i o
- E E E - §
}A 3.0 E E B
= | § E e EE E
%, ¥ ' :
M : ‘-
1.0 - E{ }
0.0 ;5 Ge 8o Se QBZr 100 Mo 116 4 128 o 130 Te 136 Yo

Shell Model: Strassbourg-Madrid; Caurier, Poves
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phase space

OvBB decay rate scales with Q°
2v[3B decay rate scales with Q"

Tiibingen, 18. Jan. 2008
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2.52E16
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Back of the envelope

assume background free; T >> t;

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

T,,=1n2 ¢ (N/A) * M * (Ng,/ )7

This is about 10 moles of isotope, implying ~1 kg
for 76Ge : 1,8 kg

Now you only can loose:

nat. abundance a, efficiency €, background B, ...
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Half - life estimate OV oo

GERDA

T,,=1n2 ¢+ (N/A) * M« (Ng; / 1)

Signal sensitivity = stat. precision of background N_.. = VNg,
Background ~ detector mass
T,,dace[(Mt)/ (AE-B) ]2

N..~[AE*B)/(Met)]"2
a :isotopical abundance B PP )(M=1)

£ : detector efficiency /
M : mass /\

t : measuring time
AE : energy resolution T
B : background cts/(kg keV yr) ~ W-4E Q Q+4AE

Region Of Interest
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background
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absolute mass scale

Sensitivity of GERDA e aonClaim
1,8 kg ~ 1025 Ge atoms _

- No background
— 10* counts/(kg- keV- y)
= 10" counts/(kg: keV- y)
=== 1072 counts/(kg- keV-y)
e Claim
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<M>= 2,4 c.f. NPA 766 (2006) 107
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absolute mass scale

'; 30 === NO background
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Methods and experiments
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Methods

aim at 100 meV scale 0 B < 10-3/(keV kg yr)

. . &
Calon metnC. two orders of
magnitude better
?\C\ : than now
+ very clean materials ¥ y
<\§ + 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)
i — “dilute” detectors, need large space
+ several nuclides possible (O select high Q)
Source # detector NEMO3: tracking, calorimetry, B-field,
oT71,>58102y0 M_<0.4-1.4meV

O Future: SuperNEMO
Tiibingen, 18. Jan. 2008 P. Grabmayr



Resolution

48Ca
> 37
2 BCa, 2v2p — a
-]
= T,,=4x10"yr
£ 24 -
2] Ov, T, ,=10"yr
o _ J,
[
I FWHM=2.5%
U- ! I ! ! 1 ! ! I ! " N | ! ! | " " ! |
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3-
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-]
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FWHM =25 %

T1/2 - 1026 yr

FWHM = 2,0 %

T1/2 - 1027 yr
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Experiments

NEMO/SuperNEMO
cuoricino/cuore
Majorana/GERDA

Candles
SNOW++
MOON
COBRA

EXO

Tiibingen, 18. Jan. 2008

[ L J
GERDA

100Mo DC tracking
130Te bolometer
6Ge ionisation
48Ca szintillation
150Nd szintillation
100Mo MWPC+PLfibres
CdZnTe ionisation+track?
136Xe TPC

P. Grabmayr



(L)
s
GERDA

20 segments with thin foils
. 3D readout drift chambers
surroundlng 1940 plastic szint.

A B=30G (Eyack=98%)

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

f*l %  Modane : 4800 mwe

£=50% @ 1 MeV
AE = 11-14% FWHM
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NEMO

-
700 - NEMO 3 Background substracted
100Mo = ) bt
Z i ++ 232v Monte Carlo
S 600 ﬂ &
Q = 3034 keV q ! | : 650 hours
500 |- ++ } 13750 events
2V _ 1018 ' H S/B=40
T1/2 - 7’8 10 y 400 - ++ -
: % S/B(>1 MeV)=100
300 [ t 4
i { "
200 F - 1,
: t
100 | 1 %
- * +¢*
0_| |_#_Fluhwl_l_T-THF¥=J—LLI|LII‘T.?'m|I|||||
0 500 1000 1500 2000 2500 3000 3500
MO100, EE-internal E1+E2, keV

AE = 250 keV @ 3MeV
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N\ £
G

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/(kgkeVy)

newmon shickd

CLORICING mwer
Roman lead shicld

3x3x6 cm3

2 en riChed WALLIWET PLrps
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CUORE
130Te in CUORE

Q = 2530 keV

988 TeO, bolometers I
in 19 towers

M =750 kg

a4l S it
a FEE:
FeneEmaell
il

!

A
STRFELEY]
Thbd
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CI 1 S == 1 S I A &1 SN [ &8 1 1 S\ =y

CUORE 5ite in Hall A at LNGS

Feb. 2006

CRESST

* Mar. 2006

Mauting 20068
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CUORICINO/CUORE
130Te in CUORICINO

Q = 2530 keV

Ton>3-102%4y (11.8 kgy)

30

22

-
c
=1

8

LIJI_IH 1

2500 2540 2580
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8Ge experiments £

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

large mass of enriched material 7,44% -> ~86%
high energy resolution <4 keV

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

low background <107 cts/(kg'keV-y)
passive : LNGS @ 3500 m.w.e. (reduce )

Watertank, LAr (avoid n,cosmogenic

)
selection of material (reduce Th,U)
active : Muon veto

segmentation, anti-coincidence

Tiibingen, 18. Jan. 2008 P SA P. Grabmayr




GERDA — the schema fgé:

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

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

reduced radioactivity of environment (CakR.
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 At

Tiibingen, 18. Jan. 2008 P. Grabmayr



Setup: HAM versus GERDA =5,

o0
GERDA

HdM non-enriched prototype

~12g vs.~2Kkg

Tiibingen, 18. Jan. 2008 J P. Grabmayr



Material screening

GeMPI
Corrado

several systems
at LNGS & MPI

steel
Cuflon
preamps
O-rings
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GERDA @ LNGS

—

”

LUNA Il /7 LvD,

GDL

74 GERDA
Main Experimental Siige

4

i £/
Y
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L

at INGS // 22w

“

-—

Creest/

7

GERRA

GERDA COLLEGAMENTO

\Dama

Genius-TF
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Super-structure and Watertank 29,

o0
GERDA

Penthouse, .
cleanroom, lock |

Ger'mamum
detectors

WU |l

wa'rer (Cerenkov veto)

ﬁall A @ LNGS ‘ clean room on top
water tank as active muon veto (66 PMTSs)

SS cryostat with copper shield, filled with LAr (~70m?>)
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GERDA - detectors

strings non-enriched prototype

~129g vs.~2Kkg
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GERDA — the collaboration

A M. Bakalvarov?, M. Balata®, I. Barabanov ¥, C. Bauer ¢, E. Bellotti/, S. Belogurov 9",
S. T. Belyaev?, M. Bernabe-Heider ¢, A. Bettini®, L. Bezrukov?, V. Brudanin®,
D. Budjas®, A. Caldwell’/, C. Cattadori®/, O. Chkvorets®, E. V. Demidova”,
A. Di Vacri®, V. Egorov?®, A. Gangapshev9, J. Gasparro™, P. Grabmayr,
G. Y. Grigoriev’, K. N. Gusev?’, V. Gurentsov9, W. Hampel®, M. Heisel®, G. Heusser©,
W. Hofmann®, M. Hult ™, L.V. Inzhechik?, M. Jelen’, J. Jochum!, M. Junker ¢,
S. Katulina®, J. Kiko®, I.V. Kirpichnikov ", A. Klimenko *9, M. Knapp/,

K.T. Knoepfle®, O. Kochetov?, V.N. Kornoukhov 9", K. Kroeninger’, V. Kusminov 9,
M. Laubenstein “f, V.I. Lebedev?, M. Lindner ¢, X. Liu’, J. Liu’, B. Majorovits/,
G. Marissens™, 1. Nemchenok?, L. Niedermeier!, J. Ochm®, L. Pandola®, P. Peiffer ¢,
A. Pullia’, F. Ritter!, C. Rossi Alvarez*, V. Sandukovsky®, S. Schoenert °,

J. Schreiner ¢, U. Schwan®, B. Schwingenheuer ¢, M. Shirchenko?, H. Simgen ¢,

N. Smale®, A. Smolnikov®9, F. Stelzer?, A.V. Tikhomirov?, C. Tomei®, U. Trunk?®,
C.A. Ur*, AA. Vasenko"”, S.Vasiliev®9, M. Wojcik®, E. Yanovich¢, J. Yurkowski?,
S.V. Zhukov?, F. Zocca’, G. Zuzel*

39 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, IRMM Geel, TU Dresden, U.Zurich
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Stainless Steel Cryostat a‘;f‘.

GERDA

screening of SS sheets from different producers

(~ 27 tons of SS 1.4571)
units: mBqg/kg for %%*Th and °°Co

t=12mm 2.5m 2.5m 1=20mm
/{ + 411 5/ ﬁ 1_4,!15/ 4.8m = EEBH; 1.9m 6m
493553 493553 2Mi4 542718 . -
1918/ £1913/ 46m t=12mm 12.9m 495243
494257 494257

2m

/-:1.1 f1}//:2.6 f15/4_5m

omn i - -
1=20mm 2.5m
/511 f?//Sﬂ f?/f-l.Em

5991 5991
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reduce Cu shield from 40 to 16 t
( 1t ~ 8000 €)

H mnu

- i«,‘ :t\_g_’”[: ”'




MERRY
CHRISTMAS
and
A HAPPY
NEW YEAR

to all members of the
GERDA collaboration
Tasso

Packaging is continuing but
will be not ready for Xmas ...
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Krasnoyarsk (~Baykal)
37.5 kg enriched GeO,

S ‘,dpu—g!;z—ﬁns o= .

1=,
:111:1}111 5

: e:separatron facility “
/ ™ “‘ i 2

10000000

Geel, n activation
precise determination
of abundance

10000

1000

zone refinement tested
on depleted Ge
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n-capture on °Ge @ FRM-II

76 Ge(n,y) 77Ge o = 10/100/140 mb

n

7
~0.1eV

1/9"

=
-

Tt
T

6072 keV

Vo

e8] J
o0
GERDA

T
“'3--:

E 2037 76 keV

ar \Qnﬂ "

| out off >200%
' —
??Gem " v 1/2 f""l ;(E4m4aw3
a4 z2ec f
T!'GE sz \(Lﬁm e _1m AsTT T:-HL

TGe —» TAs —» 7ige

B B

QB = 2703 690 keV
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Muon induced backgrond

Muon-induced isotope production

Nitregen Argon

nucleif{fkg y) countsiikg keV'y) nucleil{kg y) countsi(kg keV y)

Isctopes produced in crystals

"Ga Ga"Ga <0.08 <3x%107° <0.1 <4x10

B882a D.07%0.03 (4£2)x10® D.08+0.03 (5£2)x10°8

fGe 0.38%0.08  (1.0£0.2)x10°® 1.80.2 (5.0£0.6)x10°® ;
Ge/"MGe 0.05£0.03  (1.00.6)x107° 0.5110.09 (1.120.2)x107* i ¢

Isctopes produced in cryogenic liquid

38, _ - 46 £ I nucl/day  (3.340.1)x10°®

404, - - 27+ 0.1 nucl/day (4.0%0.2)x10®

—
s}
— T T W

'TI_ U'j i {
£ 2
A~ Al
i 5_ 0.15 _
Z Z
Z (2 z

—
—

Muon veto necessary

0.1

0,05 [

0 {}E-mm----u!-.uum........
Eu - 250 Gev 0010203040506070809 1 E:U ﬂélﬂ 150 2[;0 Q;D EEIU 351{1
COSi 0 (deg)
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Water Cerenkov veto

Hull of the watertank |

N\ £
G

GERDA

66 PMTs (ETL, 8")
VM2000
(3M,WLS+reflector)

3PMT @ 0,5pe  ~99%

| Bottom of the pillbox |

M. Knapp
F. Ritter
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N\ )
(X))
0.@.0

GERDA

Cerenkov veto

ETL 8" inside capsule with oil 4 rings on wall

+ 2 rings on bottom
+ pillbox

hit time of PMT-rings
é‘lzooi— = —m—— R
Emm:—
e =) NErrasT2 -
o
100 -_ee— e
200
R — e L
-300—
R S R T B
20 40 0 8 100 120
PMT_hit_time
40;
355
:m;—
105:
. sE
+2mm [ metal-shield s i o
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GDL: Installation of clean room
for diode preparation [
and tests in LAr F [
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segmentation '.5.?.

@
GERDA

Discriminate e/y by event type: single- or multi-site

éj_ —) by anti-coincidence
[~—H-_ | between diodes Range of B~ mm
N & segments
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Segmentation
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Veto through scintillation in LAr

MC simulation of

6OCO

background reduction
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segmentation and 104
scintillation in LAr (R&D) |
and the combination 10°
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Physics results in GDL £\

@
GERDA

Within 10 days a limit for OVECEC on 3°Ar:
(liquid Ar contains 0,336% °Ar;
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Schedule and Outlook £

o0
GERDA was constituted in 2004
~80 persons, 39 FTE in 17 institutions

Refurbishment of Hall A complete
Safety concept accepted by LNGS

Watertank & Cryostat ordered in 2006
installation by spring 2008
(to be) complete in early 2009

Muon Veto: PMT capsules being mass produced
Lock, clean room and infrastructure being tendered

Prototypes of preamps and cables
available for Phase |
prototyping for Phase |l

DAQ & slow control
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Schedule and Outlook 20

o0
GERDA

detectors:

Phase |
enriched detectors (HDM & IGEX)

presently being refurbished (18.7 kg)
15 kg non enriched detectors available

Phase |l
37.5 kg enriched GeOQ,, procured

segmented prototype successfully tested
zone refinement for first 'depleted detector’
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Charge exchange reactions o)

2VPBP: Only intermediate 1* states contribute
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= - RCNP 2004 FWHM = 30 keV “Ca(*He t)*Sc -
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Supportive measurements Eﬁ;‘”Ca(aHe,t“SL 9
from accelerators e

Done for 48Ca and 116Cd M ) 2 ; T
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Currently: (d,’He) and (*He,t)
better resolution than (n,p) or (p,n)

Tiibingen, 18. Jan. 2008 P. Grabmayr

=




/N

.@.

Testing nuclear structure for 230v

GERDA

 Vacancies in N=50, from {d.p), (p.d), (o, *He), (He, @)
Experiment QRPA

ra

(d,p) & (p,d) reactions to

measure neutron valence "0 T
occupation and vacancy i’
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76 76 e PRELEM!NARY
difference: *Ge - *Se =2 oo __
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measured (d,3He) and (SHe, d)
in Dec. 2007 @ RCNP
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Outlook %«%

GERDA

Ge has Qpg < 2610 keV from 208T]|

Ge expts. have lowest background
and highest resolution

GERDA and Cuoricino most advanced in setup
GERDA setup well under way

additional physics output
Majorana is planning a demonstrator for 1t

meanwhile: first limit for OVECEC on 3°Ar
T,,>1910%y (68% C.L.)
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Outlook

Finish setup by end of 2008

verify background level of
< 107 cts/(kgykeV)
for Phase |

count for one year with
17.9 kg °Ge for

first result on Ov(3[3
......... If he is right
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