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Outline

The physics goals: brief introduction to
neutrino-less DBD

Characteristics of Ge-76 and sensitivity
The experimental concept

Background suppression techniques
GERDA installations underground at LNGS
Selected GERDA R&D topics

Outlook
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Decay rate and effective neutrino mass

Expected decay rate:
E' | - V\— 14 14 2
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U ei (complex) neutrino mixing matrix
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OvBp: physics implications

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

e OvBB = Majorana nature m?2 H%
. . D &
e Majorana = See-Saw mechanism M, = —— <<Mj
R I.J I

m, ~ (Am2 “ m, ~m = M, ~10°GeV

atm

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

2) Absolute mass scale: LR
e Hierarchy: degenerate, inverted or normal ..
o (effective) neutrino mass
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Predictions from oscillation experiments
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Predictions from oscillation experiments
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Characteristics of 7°Ge for Ov search

Favorable nuclear matrix element |[M%|=3 - 9

Reasonable slow 2vff rate (T,, = 1.4 x 10#' y) and high Qg; value (2039 keV)
Ge as source and detector

Elemental Ge maximizes the source-to-total mass ratio

Industrial techniques and facilities available to enrich from 7% to ~88%
Intrinsic high-purity Ge diodes

HP-Ge detector technologies well established

Excellent energy resolution: FWHM ~3 keV at 2039 keV (0.16%)

Powerful signal identification & background rejection possible with novel
detector concepts: time structure of charge signal (PSA), granularity
(segmentation & close packing), liquid argon scintillation

Best limits on Ovpp - decay used Ge (IGEX & Heidelberg-Moscow)
T,,>1.9%x10%°y (90%CL) [& claim for evidence]
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State-of—the-art: limits & claim
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Energy, keV

« 71.7 kg year - Bgd 0.11 / (kg y keV)

« 28.75 + 6.87 events (bgd:~60)

* Claim:4.2c evidence for OvBf3

* (0.69-4.18) x10%° y (30)

* Best fit: 1.19 x102° y (NIMA 522/PLB

586)

* PSA analysis (Mod. Phys. Lett. A21):
(2.23 + 0.44 - 0.31)x10%® y (60)

Tuebingen/Bari group (PRD79):

m,, /eV =0.28 [0.17-0.45] 90%CL

Significance and T,,, depend on bgd discription:
 Strumia & Vissani Nucl.Phys. B726 (2005)
» Chkvorets, PhD dissertation Univ. HD, (2008):
using realistic background model
= peak significance: 1.3c,
=T,,=2.2x10®y

B Exp. limits, 90 % C.L. B Kiopdor et al. (+NME), 90 % C.L.
IGEX
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Solotvina
Geochem. R
CUORICINO
DAMA EEmm
T/’)’ A.M. Rotunno, et al.

Stefan Schoénert, MPIK Heidelberg / Ge-detector workshop, Berkeley, 18-20

"Ge
*®3e
Mo
"*Cd
*Te
®Te

1er

27

PRD 79

May 2010



Counts/keY

251

]
=

-
o
T

=_
(=)

State-of—the-art: limits & claim

K'Iapdor-KI-eingrotha'us etal.
NIM A 522 (2004)
PLB 586 (2004)

i

Energy, keV

N B
1
a 1
| | "‘ \‘
il
i
i ki 1
A 3 4
208

2?)00 2010 2020 2030 2030 2050

« 71.7 kg year - Bgd 0.11 / (kg y keV)

« 28.75 + 6.87 events (bgd:~60)

* Claim:4.2c evidence for OvBf3

* (0.69-4.18) x10%° y (30)

* Best fit: 1.19 x102° y (NIMA 522/PLB

586)

* PSA analysis (Mod. Phys. Lett. A21):
(2.23 + 0.44 - 0.31)x10%® y (60)

» Tuebingen/Bari group (PRD79):

m,, /eV =0.28 [0.17-0.45] 90%CL

Significance and T,,, depend on bgd discription:
* Strumia & Vissani Nucl.Phys. B726 (2005)
» Chkvorets, PhD dissertation Univ. HD, (2008):
using realistic background model
= peak significance reduced to 1.3c,
=T,, = 2.2x10®y

B Kiopdoretal, 90 % C.L.

B Exp. bounds + NME, 90 Z C.L.
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— Claim must be scrutinized with
6Ge AND other isotopes
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Phases and physics reach
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required for ‘background free
exp. with AE~3.3 keV (FWHM): O(10-3) O(104) counts/(kg-y-keV)

Background requirement for GERDA/Majorana:
—Background reduction by factor 102 - 103 required w.r. to precursor exps.
—Degenerate mass scale O(102 kg-y) = Inverted mass scale O(103 kg-y)
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- Two new "°Ge Projects:

&=
L

I
*‘Bare’ ®""'Ge array in liquid argon *Array(s) of ®"'Ge housed in high-purity
*Shield: high-purity liquid Argon / H,O electroformed copper cryostat
*Phase |: 18 kg (HAM/IGEX) / 15 kg nat. *Shield: electroformed copper / lead
*Phase II: add ~20 kg new enr. Detectors; *Initial phase: R&D demonstrator
total ~40 kg module: Total ~60 kg (30 kg enr.)

|_> Physics goals: degenerate mass range 4_'

Technology: study of bgds. and exp. techniques

Lol

» open exchange of knowledge & technologies (e.g. MaGe MC)
* intention to merge for O(1 ton) exp. ( inv. Hierarchy) selecting
the best technologies tested in GERDA and Majorana

Stefan Schoénert, MPIK Heidelberg / Ge-detector workshop, Berkeley, 18-20 May 2010



Background reduction:

Deep underground site for suppression of cosmic ray muons

T ——
GERDA @ LNGS, Italy

Suppression of u-flux > 106

Stefan Schoénert, MPIK Heidelberg / Ge-detector workshop, Berkeley, 18-20 May 2010



Background reduction:

graded shield against external v, n, residual-u

High-purity liquid
argon (LAr); shield
& coolant;

Optional: active veto

Array of bare
Ge-diodes

Steel cryostat
with internal
Cu shield

Water: y,n shield;

Cherenkov \

medium for p

veto ! Fadm.

¥
vy

@10 m : : .
Radio purity of LAr-shield

<0.1 uBqg ???Rn (??*Ra)/kg
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OvpB-signal recognition & bgd reduction
internal bgds: e.g. 8°Co (5.3 a), 68Ge (270 d), ...

contaminations close by: e.g. U/Ra/Th in holders, cables, FE, ...

Ge detector « Anti-coincidence of detectors
array
A
Y

800

* Pulse shape analysis
« Anti-coincidence of detector segments

Current signal of MSE

60Co bgd: multiple energy deposition
at Qgy = 2039 keV —
= Multi site event (MSE) < 600r
5
E 400
£ 200 A
<
O~""550 0 500 1000 1500
Time after trigger [ns]

o
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OvpB-signal recognition & background reduction

R&D: instrumentation of
liquid argon (LAr)

232Th

2.6 MeV *

Anti-coincidence with LAr scintillation

eidelberg / Ge-detector workshop, Berkeley, 18-20 May 2010
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GIove-box for Ge-detector handllng and mounting into
missioning lock under N, atmosphere installed in clean room




* Nov/Dec.’09: Liquid

§ argon fill

« Jan ’"10: Commissioning
of cryogenic system

« Apr/Mai ’10: emergency
drainage tests of water
tank

» Apr/Mai ’10: Installation
c-lock

= °*13. Mai’10: 1st
| ... deployment of FE&detector

mock-up (27 pF) - pulser
- resolution 1.4 keV (FWHM)
* This week: First

deployment of non-
enriched detector

* Next: Commissioning run
with "atGe detector string

» Subsequently: start
Phase | physics data taking



GERDA Task Groups

* TGO1 Modification & test of existing Ge diodes
* TG02 Design & production of new Ge diodes
- TGO3 Front end electronics

- TG04 Cryostat and cryogenic infrastructure
* TGOS Clean room and lock system

* TGO06 Water tank and water plants

- TGO7 Muon veto

- TGOS Infrastructure & logistics

* TGO9 DAQ electronics & online software

- TG10 Simulation & background studies

* TG11 Material screening

* TG12 Calibration

*TG13 Data management

Stefan Schoénert, MPIK Heidelberg / Ge-detector workshop, Berkeley, 18-20 May 2010



Selection of R&D of GERDA Task GFOU PS

- TGO1 Modification & test of existing Ge diodes
* TG02 Design & production of new Ge diodes
- TGO3 Front end electronics

- TG04 Cryostat and cryogenic infrastructure
* TGOS Clean room and lock system

* TGO06 Water tank and water plants

- TGO7 Muon veto

- TGOS Infrastructure & logistics

- TG09 DAQ electronics & online software

- TG10 Simulation & background studies

* TG11 Material screening

* TG12 Calibration

*TG13 Data management
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Phase | detectors

p-type coaxial detectors

8 diodes (from HdM, IGEX):
* Enriched 86% in 76Ge
» All diodes refurbished with new
contacts optimized for LAr
* Energy resolution in LAr:
~2.5 keV (FWHM) @1.3 MeV
» Well tested procedure for
detector handling
 Total mass 17.66 kg (after
refurbishing)

Bare Ge-diode

6 diodes from Genius-TF "aGe:
« Same refurbishing & testing as
enriched diodes
 Total mass: 15.60 kg

Low-mass holder

Detector handling under N, atmosphere

Stefan Schoénert, MPIK Heidelberg / Ge-detector workshop, Berkeley, 18-20 May 2010



R&D long-term stability of phase | detectors in LAr/LN,

180 e e 100 [
Apparent problem* of ‘Limited long-term stability of :
160/ Naked detectors in liquid nitrogen as result of yirradiation o
increasing leakage current’ resolved by GERDA: _

140| * operated 3 HPGe detectors in LN/LAr 50} e i |
. « 2 years of experience, >50 cycles _.
<
2 120 . : &
e » with proper procedure no problem in D""""" it D, ittt
@ 100 contradiction to claim”* 0 50 100 |
L Time (min)
3 30 * Klapdor-Kleingrothaus & Krivosheina, NIM A566 (2006) 472 "
g
A
& 60r .
- -

40r | With passivation layer in groove ,,,-»r—f- i
-
20_ i"_'f'—#'. ,-—--n". N
10 pAOF-g — —-_lr' e L"__"]“""'*_F ; 'l"ﬂ assivation iln groove (cholosen design)
0 20 40 60 80 100 120 140

no deterioration after 1 year of operation in LAr
M. Barnabé-Heider, PhD thesis ‘09



Test of full read out chain

Cl_ean glove b (hﬁa‘he ﬂ- Summer/ autumn 2009:

— e T ing lo Integration test of phase | detector

8 DRI | ' string, FE, lock, DAQ, LAr dewar with
" o A% active cooling

4 DeteCtor 1 I Detector 1

2.9 keV (FWHM

1 3 MeVZleVFWHM |

1500

Energy (keV)

o), Petector 2 | ooz | |
¢ 2.2 keV (FWHM) pulse\[ o ey FwH

500 1000 1500
Energy (keV)

Best resolution achieved in setup: 2.7 keV (FWHM)
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Phase |l detectors

enrGe & depIGe: \/

« 37.5 kg of 86% e""Ge (in form of GeO,) stored underground
* 84 kg of erGeO, acquired (with same chemical history)

Reduction & purification: \/

Two technologies pursued:
1) n-type segmented
2) p-type BEGe

« procedure tested and optimized with derGe at PPM Pure Metals GmbH

* no isotopic dilution

» short exposure to cosmic rays (underground storage)
« 29 Apr '10: purification of enriched material completed.
= 35.4 kg (94%) of 6N (+ 1.1 kg tail = 97%)

Crystal pulling:
n-type for segmented detectors:

« R&D for n-type pulling by Institut fir Kristallziichtung, Berlin | = M. Wunscher

'._..-..n-

| &

« impurity concentration of 6-10'° cm-3 reached

p-type for BEGe detectors: \/

o depiGe from ECP purified at PPM successful
» Crystal pulling from deriGe material at Canberra, Oakridge, US

¥ ‘“'*'fv"'hl

« first two 9ePIBEGe detector working (Feb 2010) | kA kA A

— C. Cattadori’s talk

Stefan Schoénert, MPIK Heidelberg / Ge-detector workshop, Berkeley, 18-20 May 2010



Phase || R&D: Novel Ge-detectors with advanced
OvpB-signal recognition & background suppression

n-type detectors with

18-fold segmented Triggered by original works of
electrodes, 1.6 kg Luke et al., IEEE TNS 36 (1989)
and Barbeau et al., nucl-
In vacuum ex/0701012v1,
cryostat

|.LAbt et al., NIMA 583 (2007), ol :
Eur. J. Phys. C 52 (2007) ~ap
I-"\

1/N dN/dE

0.006 [ I s—
e eriode X LiU's talk

0.005 Single segmeant everis + P5A
0.004 [ Fﬂ SIS L s
Lol _ DEP: and by discussions with J.

E 829, Verplancke (Canberra, Olen)
sl 5 H — proposal in 2007 to use

-OvBp-like commercially available BEGe
0-.001 1 detectors

. o P —
e T L T P — N
L i

D A I
1560 1580 1600 1620

I Wpr—
I Il

1640
E TkeV1  giefan schénert, MPIK Heidelberg / Ge-detector workshop, Berkeley, 18-20 May 2010




1/N dN/dE

Phase || R&D: Novel Ge-detectors with advanced

OvpB-signal recognition & background suppression

n-type detectors with
18-fold segmented
electrodes, 1.6 kg

In vacuum
cryostat

.Abt et al., NIMA 583 (2007),
Eur. J. Phys. C 52 (2007

0.006 [
Al events .y
e eriode X LiU's talk
0.005 Single segment everts + PSA
0.004 [ 1
0.003 [
. DEP:
[ 0
0.002 [~ 82% H
FOvBp-like
0.001 | 1
i s i PP - el B st .
1560 1580 1600 1620 1640
E [keV]

/N

Number of counts

¢ 81 mm
£
E p-type germanium
™ 878 ¢g \
----- —
' contact 7 n* contact
P = M. Agostini’s talk
= C. Cattadori’s talk
D. Budjas et al., JINST 4 P10007 (2009)
5500 '
5000 228Th all events — |
after PSD cut — |
4500 !
4000
3500
3000
2500/ DEP: 90%
2000
1500 Ovpp-like
1000
500
0
1560 1580 1600 1620 1640
Energy [keV]
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Phase || R&D: Novel Ge-detectors with advanced
OvpB-signal recognition & background suppression

n-type detectors with

18-fold segmented Same results
electrodes, 1.6 kg with bare
detector in
liquid argon test

1/N dN/dE

|
|.Abt et al., NIMA 583 (2007). stand!
Eur. J. Phys. C 52 (2 \ X
" 3000 A =
0.006 [ §
Al events 10 | H |
poos| — SR 200\
' DEP: /-bgd:
1000 90% 1% |
] b |
0~ 1580 1600 1620 1640 i
| 1.8 keV (FWHM) @ 1.3 MeV

L i PR e il B i 107, 500 1000 150Q 2000 2500
1560 1580 1600 1620 164( Energy (keV)

E TkeV] Stefan Schoénert, MPIK Heidelberg / Ge-detector workshop, Berkeley, 18-20 May 2010



R&D for Phase Il/lll: the GERDA-LArGe test
stand at LNGS

First (& preliminary) results of a bare BEGe detector operated with liquid
argon veto and pulse shape discrimination

Lock: Can house up to 3
strings (9 detectors)

( 9 PMTs: For the detec-
Uion of Ar-scintillation

(= =)

reflector foil &
wavelength shifter

VM2000 + WLS

Cryostat:

Volume: 1000 liter AT scintillation

Cu 15cm, Pb 10cm,
Steel 23cm, PE 20cm

]

N Y



cts/keV

ery
=

[
=

10

[ §¥)

GERDA-LArGe

no cuts

1620

1600

keV

i g 1 4 ol
"'I;'w,&ﬂ .--2000 2500
. keV

10

1

1950 2000 2050 2100 2150

_"I"T"I'"'I":I"T"["T'T"}'"I"T"F"]":I"T"T"'I"T"

keV

228Th

source

r workshop, Berkeley, 18-20 May 2010



cts/keV

ts/keV

=]

10

GERDA-LArGe

.........

_______

1580

1600

1620 1640
keV

10

1

1950 2000 2050 2100 2150 (Here: ~20% signal loss because of y-

no cuts
LAr-veto

keV

source

Survival
prob. @ Qg:

~3%

source related random conicidneces)

r workshop, Berkeley, 18-20 May 2010



GERDA-LArGe
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A/E PSA
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Summary & outlook

* Proposed in 2004
» Approved in 2005 by LNGS with location in Hall A
» Main funding sources: MPG, INFN, BMBF, DFG, SNF and
Russia in kind
 Construction completed in LNGS Hall A
* Cryostat filled with LAr in Dec '09 & cryogenic commissioning
completed
* First technical run: Mai 10
» Goals:
Phase |: background 0.01 cts / (kg keV y)
= scrutinize KKDC results with ~1 year of data
= T,,>2.210%y, <m_> < 0.23 — 0.39 eV [Prcs1 2010]
Phase II: background 0.001 cts / (kg keV y)
=T,,>1510%y, <m_> < 0.09 — 0.15 eV [Prcs1 2010]
* R&D on liquid argon instrumentation = attractive method for
‘background-free’ 1 ton experiment

Stefan Schoénert, MPIK Heidelberg / Ge-detector workshop, Berkeley, 18-20 May 2010
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Comparison of DBD isotopes:
Recent calculations of nuclear matrix elements

o
- IBM—2 (Barea et lachello, 2009)
® ORPA (Simkovic et al., 2008)
s [ A SM (Caurier et al., 2008)
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Is M decreasing with A-23 (IBM-2, QRPA) or constant with A (SM) ?

Stefan Schoénert, MPIK Heidelberg / Ge-detector workshop, Berkeley, 18-20 May 2010



Comparison of isotopes:
Is there a super-DBD-isotope ?

QRPA (T5)" =G”(Q.2) M (m.)’

(Simkovic et al. PRC 77, 2008)

- Figure adopted
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Expected Ov[3p3 rates per mass vary within a factor ~ 4 !

Stefan Schoénert, MPIK Heidelberg / Ge-detector workshop, Berkeley, 18-20 May 2010



QRPA

(Simkovic et al.
PRC 77, 2008)
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GERDA cryostat

* 65 m3 volume for LAr

» 200W measured thermal loss

» active cooling with LN,

* internal copper shield

» detailed risk analysis of cryostat
in ‘water bath’

Screening of all
stainless steel sheet

batches by
underground
gcr-| B[R v-spectroscopy at
’ Bic] MPI-HD and LNGS
— prior construction

—=Th-228 <0.1 - 5,
typically <2 mBaqg/kg

MC = cryostat + copper shield + LAr
<2 -10“%cts/ (keV+kg'y)

NIM A593 (2008) 448, NIM A606 (2009) 790

F Active

cooling

CM COp[

set | [TRORBEON T 1T T 07001 b

¢

89m

ey, 18-20 May 2010



Cryostat: Rn emanation '

Measurements of Rn emanation (@) at various
fabrication/installation steps with MoREXx(®)
after 1./2. cleaning 2314 / 14+2 mBq
after copper mount 34+6 mBq .
after 3. cleaning 31#22mBq [
after cryogenics mount 55+4 mBq**

**evidence: 222Rn concentrated in neck!

Rn shroud: 30 um copper

@ 0.8m , 3 m height

to prevent convective transport
of Rn from walls/copper to Ge

diodes

Bl ~1.510%cts / (keV'kg'y)

(@ Uniform 222Rn distribution of 8 mBq e
implies b = 10 cts/(keV kg y) in phase |. ‘ e i

(b)Appl.Rad.Isot. 52(2000) 691

: . A
< TSN T 17 PP 0 [
A
|

keley, 18-20 May 2010



Cryostat filling with LAr in Nov/Dec ‘09

PT118 data
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Cryogenic commissioning successful!
Active cooling operational since Jan. 10,
Stable operations - no loss of argon

Stefan Schoénert, MPIK Heidelberg / Ge-detector workshop, Berkeley, 18-20 May 2010



	The GERDA neutrino-less double beta decay experiment 
	Outline
	0- and 2 decay 
	Decay rate and effective neutrino mass
	0: physics implications
	Predictions from oscillation experiments
	Predictions from oscillation experiments
	Characteristics of  76Ge for 0 search
	State-of-the-art: limits & claim
	State-of-the-art: limits & claim
	Phases and physics reach
	Two new 76Ge Projects:
	Background reduction: �Deep underground site for suppression of cosmic ray muons
	GERDA Task Groups
	GERDA Task Groups
	Phase I detectors
	R&D long-term stability of phase I detectors in LAr/LN2
	Test of full read out chain 
	Phase II detectors
	Phase II R&D: Novel Ge-detectors with advanced 0-signal recognition & background suppression 
	Phase II R&D: Novel Ge-detectors with advanced 0-signal recognition & background suppression 
	Phase II R&D: Novel Ge-detectors with advanced 0-signal recognition & background suppression 
	R&D for Phase II/III: the GERDA-LArGe test stand at LNGS
	Summary & outlook
	Extra slides
	Cryostat filling with LAr in Nov/Dec ‘09

