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motivation for Ov3[} decay searches

* Only way to determine if neutrino is its own antiparticle, v ='v G\ ”
» Majorana particle 3 i 3P
if YES: :

» would provide access to absolute neutrino mass scale
[0 = 1/ 1M Q") My <> 1 [ <mee> =15, Ui, |

T T nuclear matrix element effective Majorana neutrino mass

phase space factor

would establish lepton number violation AL=2

more physics beyond standard model

would provide important input to cosmology
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2V and Ovi3[} decays

A mass

2VBB 1 (A, Z) — (A, Z+2) + 2e + 2V, A =76

2"d order process, observed, T,,, ~ 1019-10%1 yrs
Ge-76: T,;, = 1.4-10%1 yrs As

33
OVBB : (A, Z) — (A, Z+2) + 2e- oo \Fi
32
%A

new physics, T,, > 102 yrs

34°¢

»
»

Y4

Signature for Ovl3} decays:

Ge-76 : Q33=2039 keV
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attractiveness of Ge-76

» Ge semiconductor P source & detector
* intrinsic Ge material » purest available solid state material
« established enrichment from 7.44% (nat.) to 86% , still affordable at ~50% / g
* very good energy resolution, <0.2% at 2039 keV » narrow ROI of 4 keV

» negligible overlap with 2vRR background; ~(2:10-3)¢ for same T,,
 favorable product of phase space factor & nuclear matrix element

» next slide

last not least: best limits on resp. claimed evidence of Ov33 decay
(Cuoricino, however, reporting now very similar limit!)
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phase space & nuclear matrix elements

>N m1/A

Phase Space
W Matrix Element

M Rate per ton

92 /tyfor
3 | <n >= 100

meV (Rodin Mo-100 Te-130 Xe-1386
etal)

| Ge-76
TNt = m

76 100 130 136
Isotope A R.G.H Robertson

Ratio to 76-Ge

Error of matrix elements: 30% minimum
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<m..> best limits / value

KKDC: H.V.Klapdor-Kleingrothaus, I.V.Krivoshina,
A.Dietz, O.Chkvorets, Phys.Lett. B586 (2004) 198

Bi-214 Bi-214 _
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IGEX : Gonzales et al., NP B87(2000)278 ( ,’ \ e
12 —m™—m—m——————v—————1——r 20000 2010 2020 12030‘ ‘ 2040 2050 ‘2060
[ T,.,(0v) >1.57x102% yr (90% CL) ] Eneray, keV
L YRR =) S 5 enriched Ge-76 diodes (10.9 kg / 71.7 kg )
Z <m,><(0.3-1.1) eV 1 ‘Background Index’ B = ~0.1 cts / (keV+kg-y)
7 sl 2038.5 keV ' -
= f T, =(0.69-4.18):1025y (30 range)
&
» confirmation needed with same & different isotopes
0 key: reduce background by O(100) for better sensitivity
2020 2030 2040 2050 2060

Energy (keV)
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sensitivities

Ge-76
T = In2 - #atoms - time45.47-1024- (mass / kg) - (time / yrs)
12— #decays B #decays [yrs]

1) 90% confidence limit (C.L.) in case of zero event ( FC: #decays=2.44):

Ty > 2.2-10%4 (m/ kg)(t/yrs) [yrs] 55 L Majorana

b’
-

\\

» increase mass and time, naive:

2) sensitivity in case of background : = 30 [ —obasgrouns
S g errroseapray
#decays = \ background = v B-m-t-AE = SRR ey
' \ [keV] "220 [ — Clam
[cts/(kg-keV-yrs)] £ | .0.001
T, >constvV(m-t)/(B-AE) :;,‘5; T
- 0.01
» reduce background index B « i L S LA e
» optimize energy resolution AE « S f 4
ol KKDC
GERDA, phase | : 0.01 cts/(kg-keV-yrs) , 20 kg-yrs § oL T
0 50 100 150 200

phase Il : 0.001 cts/(kg-keV-yrs), 105 kg-yrs
Majorana : 0.00025 cts/(kg-keV-yrs), 460 kg-yrs

Exposure [kg-years]
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sensitivities

Ge-76

T = In2 - #atoms - time45.47-1024- (mass / kg) - (time / yrs)
12— #decays B #decays [yrs]

1) 90% confidence limit (C.L.) in case of zero event ( FC: #decays=2.44):

Ty > 2.2-10%4 (m/ kg)-(t/ yrs) [yrs] 55 Eunif-v Ma_o”nv.exl]
» increase mass and time, naive: ’lrue nr .

2) sensitivity in case of background : = 30 [ —obasgrouns
S g errroseapray
#decays = \ background = v B-m-t-AE = SRR ey
! N [keV] |_§20 '__—Claim "“'_-
[cts/(kg-keV-yrs)] £ | +10.001
T, >constvV(m-t)/(B-AE) :;, 15
- 0.01
» reduce background index B « i 10 %), =
» optimize energy resolution AE « © &I T
o KKDC
GERDA, phase | : 0.01 cts/(kg-keV-yrs) , 20 kg-yrs § oL T
0 50 100 150 200

phase Il : 0.001 cts/(kg-keV-yrs), 105 kg-yrs

Exposure [kg-years]
Majorana : 0.00025 cts/(kg-keV-yrs), 460 kg-yrs
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from T4, deduced information

Measured T,, — deduced <m,.> > info on mass hierarchy
;' 0.8 x ; - ©
Q2 _I KKDC o
0.7 [ o
A% 5 —— No background 8
% 0.6 - \\ """ 10* counts/(kg: keV- y) %_
— B Ll 103countsf{kg‘ keV-y) 1oy
E 0.5 - — = 102 counts/(kg keV- y) _qci
E 0.4 f 5
203 <
Q03¢ . ——— w
e S e - s
" e o
[=) 0.2 E o £
E_ __ ............... / g
-&Q 0-1 F Assuming <M > = 2.40 (Nucl.Phys. A ?.bé: {2006) 107) I 2

80-|.|..|....||...|....| / 107+ | . '

0 50 100 150 200 '/ 460 10+ 10” 10 10! 1

lightest neutrino mass in eV

Exposure [kgyears]

* phase | : ~15 kg exisiting Ge-76 diodes of HD-Moscow & IGEX experiments » 20 kg yrs

- phase Il : ~20 kg of new enriched Ge-76 detectors » 105 kg yrs
» Majorana: 2x 60 kg enriched Ge-76 detectors  » 460 kg yrs

* phase lll: depending on results, worldwide collaboration for bigger experiment (0.5 - 1 ton)
close contacts & MoU with MAJORANA collaboration established

LAUNCH, 22/03/ 2007 K.T.Knopfle: GERDA & Majorana 11



background sources

« EXTERNAL to crystals

y rays from primordial Th and U decay chains
» T1-208 (Th-232) , Bi-214 (Ra-226)
neutrons from fission, (a,n) & y-induced reactions

“Activity of TI-208  (uBg/kg)

muons from cosmic showers
rock, concrete 3000000
stainless steel ~ 5000
- - . Cu(NOSV), Pb <20
Shielding possible . e e <1
\_LN2, LAr ~0/

* INTRINSIC or VERY CLOSE to crystals
(mounting material, cables, electronics,...)

2V}, irreducible but not relevant because of AE~0.2%
radioactive impurities in crystal, on surface
cosmogenic: Co-60 (5.3 yrs) , Ge-68 (270 d)

Background reduction / rejection techniques needed !
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background (1)

/“Activity of TI-208  (uBg/kg) \

spectra measured at LNGS with Ge diode
rock, concrete 3000000 1 r ,
stainless steel ~ 5000 : : : _
Cu(NOSV), Pb <20 | f unshielded
water, purified < : : : TI-208
: el : :
(<) : : ;
T = j t 4 5
£210 I S L rasaat 1
T > 8 T % .
£ 2 F | .
2 -E : l : “Co
o © ~ S Ln ' J
m - L J
m JNNJ‘“«L-—J—LJ‘J\‘- l‘" <+ -
10° | shielded - "'"‘-U T | e 1
predomlnantly external y-rays MII'JWHH Wiy
GERDA phase | : plus confinuous contribution '
: of Ge m‘rr"lnsn: cosmogenics
ﬁ 1n-2 I Mmmﬁg”ﬂMhﬁ' | |
0 500 1IJIJD 1500 2000 2500 3000
Energy, keV
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generic external background shields

GERDA (low Z shield) Majorana (high Z shield; deep underground)
bare Ge diodes in high-purity LAr Ge diodes housed in vacuum cryostat,
< 1uBg/m® STP Rn-222 (established) ultra-high-purity electroformed Cu shield
4 <1 uBqg/kg Th-232 (not yet established)
water:y & n sihield, A
Cherenkov medium 10 cm electroformed Cu
for y veto
. LAr c S
= = 2 9
/ * L N I
stainless —| , j . L
steel cryostat . | | 45 cm lead
w Cu shield, i | : —
Rn tight | ; i Y F21m 30 cm PE,
: | | i active p veto,
| < 24m | Rn tight box
- J10m .
a(LAr) =0.050/cm a(Cu)=0.34/cm
LAr can be also active shield ! a(H,0) = 0.043/cm  a(Pb) = 0.48/cm
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Majorana setup

A 5000 m w.e. rock above A

vacuum cryostat of electroform-

ed Cu, 40 kg, @ & H: 400 mm

57 segmented n-type
Ge-76 diodes (60 kqg)

&t cold finger

eleétroformed Cu

5 6
Depth (km.w.e.)
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GERDA setup

A Gran Sasso A up to five diodes

arranged in strings,

A 3800 m w.e. rock above A total of 16 strings

A G superinsulated stainless

N steel cryostat with internal
LNGS just in front of LVD Cu shield (t = 3 — 6 cm)
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background (2)

INTRINSIC BACKGROUNDS: ™~
« cosmogenic isotopes (Ge-68, Co-60) due to MSE
spallation reactions above ground and T,,~yrs.

SUPPRESSION OF INTRINSIC BACKGROUND:
avoid it — keep enriched material underground SSE
» discriminate between SSE and MSE events «

LAr

SSE Single Site Events:
energy deposition within a few mm
e.g. BB events, double escape peak

SSE / MSE discrimination methods:
* pulse shape analysis (PSD)

MSE Multi Site Events: « anti-coincidence between
energy deposition in full detector volume » detectors,
e.g. Compton scattering » detector segments,

» detectors and LAr
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example for background ID & suppression

pulse shape discrimination

pulse shapes from SSE and MSE events raw spectrum and after PSD & segmentation cut
70 j ; e 21600 }
sok- SSE | 2%2Th: 1592 keV (DE) o L ” S coysialspecium n & gelector
MSE 1620 keV 21400:— ——--——-- After PSA + segmentation cut
50| . : . $1200 o -
- n s
» e 1 sse (205T| DE peak)
S - pea
20 600 /
10 a0’ Yl
. raw\‘ J
0 mmfﬂf 1 _
i i i -P T T o T A LA L e
500 1000 1500 2000 55 156 157 158 159 16 161 162 1g3ner;.y5?“e1v,)ﬁ5
Time, [ns]
measured with ANG5 of HAM and old Majorana data

i.e. slow front end electronics
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examples for background suppression

anti-coincidences
vetoing MSE in segmented Ge diode
27C060 H i r '
5_2STR £ 10°= i) — @l evens
31 Mevﬁ %’ |_E = SOCO ' single-segment events _
S . (external)
sum energy = 10
2823 keV > -
. o 10°F] all events
.60 C |
23N| .sz —f
s | single-segment
- | events
Emoo . o Co-60 Monte-Carlo i
5 Intrinsic . | : |
3 500 0 500 1000 1500 2000 2500 3000
€ 600 Energy (keV)

measured with 3x6 segmented true-coaxial
n-type prototype crystal for GERDA phase |l

1.5 2 2.5
Energy [MeV]

» large suppression factors,
O(5-50) depending on source & geometry
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ongoing R&D

* mechanics
low mass detector supports
* electronics

low mass front end electronics, ASICs
low mass, radiopure cables

» material screening & purification
 detector procurement and R&D
* Monte Carlo simulations

 LAr scintillitation studies for active veto
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R&D : detector segmentation/electrode configuration

Majorana

1.6 1524

-
o

linear scale

&0 4

{4

a0

0.0 coo

N.B.: Ch

100 4

&0 4

small, ~1kg,

unsegmented
p-type

external

small
parts

Pb

Cu outer

Cu inner

cryostat

|
Ge

Counts per Region of interest per Ton-Year .
6x6

—

surfaces

-

N

OSurfaces

O External
HSmall parts
OPe

BCw Outer
O<Cu Shield
OCrastat

H Inrzr Blownt
O

Unsegmented p-type Modified oloclrode

1~

n-type 2u3

mickypn Bul 30

» no big differences

granularity ~ segmentation

i | (my personal favorite: min. cable area)

LAUNCH,

ap, reliable, fast detector fabrication crucial for 0.1 to 1 t experiments!
/

0372007

also relevant for GERDA !
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R&D: material screening / purification

Ge y spectrometers

* Baksan 600 m w.e. (soon — 4900 m w.e.) 4-fold spectrometer

» Hades 500 mw.e. Ge-2 - Ge-9

* MPI-K 15 mw.e. 3 diodes

* LNGS 3500 mw.e. GeMPI11,2,(3) S:~0O(10[100]) uBa/kg for heavy [light] samples

Rn-222 diagnostics / monitoring

* emanation technique S: 0.5uBg/m?, 10 uBq/ kg

* gas purity analysis

» electrostatic chamber . 0.1—-1 mBg/m?3

a spectrometer

» Baksan (ionization chamber) S : 10 Bg/m?3 (quick), background: 0.002 / (cm?+h)
* Krakow

|CPMS (inductively coupled plasma mass spectrometry)

* Frankfurt U S:U/Th ~1 uBq/kg > secular equilibrium? <
* LNGS & commercial

(measured materials: Kapton, Teflon, Torlon, MLI, PMT glass, Cu, steel, Cu/P granulate)
» Challenge: screening of plastic materials at required Th sensitivity

Surface purification studies (cryostat > 100 m2)

« Cu disks radiated with strong Rn source S : 1 uBq/ m?2 » talk by Grzegorz Zuzel
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screening of cryostat’s ss sheets

results from y spectroscopy at LNGS and MPI HD
(more data available)

t=12mm 2.5m A ‘fg“‘““"
m m
A+an 7 4.8m
A E ; 5 254533
493553 493553 2M|y 542718

Awﬂﬂ_/ Awﬂj_/ 4.6m t=12mm 12.9m 495243

sheets for inner/outer

sheets fori./ o.
cylindrical walls

vessel heads
2m

#1i i'-"..'l.'l ”;’ <26 /1

4.6m
492217 493554
& i o Soime " orind
#1 5+1/7 5%1/7/ 4.8m
5991 5991 Th-2321 1Co-60

unexpected low Th-232 activity, typ. <1 mBqg/kg » less massive Cu shield needed
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... and still more R&D for phase I

Qo
o%
o « optimization of purification of enriched Ge-76 oxide to 6N grade metal
@)
§ » optimization of production of new enriched Ge-76 diodes
(O]
° « commissioning of test stands for the characterization of Ge-diodes
% » study of segmented n- and p-type true-coaxial Ge-diodes
s
» detailed Monte-Carlo simulations phase Il background index
example  for available materials
in 104 cts / (keV'kg-y)
» study of active LAr shield detector 5
holder (copper) 4
* and more ... holder (Teflon) 8
cabling 6
electronics 3
infrastructure 4
muons, neutrons 2
sum 32

to be improved! -~
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Majorana schedule

assuming two 60 kg modules

2006 2007 2008 2009 2010 2011 2012 2013 2014 2016 2016 2017

R&D

DOE CD1-3

Construction

1st 60 kg

running
2nd 60 kg
running

Enriched
Ge

LAUNCH, 22/03/ 2007 K.T.Knopfle: GERDA & Majorana 25



GERDA status & schedule

2004
* Feb
» Sep
* Oct
* Oct
2005
* Feb
* May / Jun
 Jul
* Dec

2006

* Feb
* Apr
* May
« Jun
 Jul

* Aug
* Dec

2007 /2008

Letter of Intent to LNGS, hep-ex/0404039

formation of collaboration

» funding requests approved by MPG

Proposal to LNGS, www.mpi-hd.mpg.de/GERDA/proposal.pdf

GERDA approved by LNGS, location in Hall A in front of LVD

» funding requests approved by INFN / BMBF

FMECA & HAZOP safety studies for GERDA with copper cryostat
electron beam welding certification for copper cryostat

delivery of 37.5 kg enriched Ge-76

all HdM & IGEX detectors fully functional at LNGS

contract for water tank concluded, decision for stainless steel cryostat
successful test of 3x6 segmented true-coaxial n-type Ge diode
safety review for GERDA with stainless steel cryostat started

LNGS hall A ready for installation, tender for cryostat published
safety review available, all HIM & IGEX diodes & six "3Ge diodes

at refurbishment company, underground storage, cryostat ordered

installation / commissioning

LAUNCH, 22/03/ 2007
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http://www.mpi-hd.mpg.de/GERDA/proposal.pdf

summary

« approved in 2005 by LNGS with its location in hall A,
 funded by BMBF, INFN, MPG, and Russia in kind

» construction started in LNGS Hall A

* parallel R&D for phase Il

« 2007 /08 » continue / finish installation, do commissioning

goal: phase | : background 0.01 cts / (kg+keVy)
» scrutinize KKDC result within ~1 year
phase Il : background 0.001 cts / (kg+keVy)
» T,, >1.5:10%%y, <m_> <0.2eV*

* R&D funding; prepared for DOE CD-1 review

» staged approach with two 60 kg detector modules

goal: 0.46 ty Ge-76 exposure at the background of about
0.00025 cts / (kg+keV+y)
» T,, >55:10%%y, <m_> <0.1eV*

* with nucl. m.e. from Rodin et al.
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finis / backup slides
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R&D: low mass diode supports and contacts

phase |

HdM & IGEX
p-type Ge diodes

phase Il

true-coaxial 3x6 segmented

g n-type Ge diode

Kapton/Teflon cable

bonded contacts

Majorana

FE electronics

thick Cu lid

Kapton cable

PCTFE
support tray

contact pressure
ring

Cu 80.8 9 Cu tube
Si 45¢
PTFE 6.4¢g
Cu tubes 11g
plastics 249
total of ~30g mounting mate&‘ HV cables 49
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R&D: low mass frontend electronics (1&2)

FWHM / keV

cold - 77K warm 04 — .
F FET connected to preamp through
6m coax I 03l RG62 cables (93 ohm impedance) |
// dl Ital S FET_&RFatroomT //_.,
Ge diode *[ amp HFADC - g % 02t Coee =23 PF e FETt—prean:p Ris;_:jme |
f| Ite r § single ended signals ’f ance
5 S ——  29m 46ns
o 12-14 bit 5o I
~1G ]—,.,1p 20 MHZ BW 8.1m 105 ns
Y 100 MHz sampling | . | | fRT’L’=I1°"“5’“_’ 1
77 200 300 400 500 600
Time [ns]
Majorana development : : = -
16x23.mm?2 + available & working 1000 FET, R and G sinked
X mm in liquid nitrogen (T=77°K)
= » phase | Copi= 23 pF
- increased rise time E FET connected to preamp through 4.1m RG62 cables
A - potential for noise pickup - .
Aalseth et al., IEEE NSS-MIC, 2004 ‘g fitting curve
T, white series noise
L8] "~
2nd solution: cold monolithic JFET preamp IPA4 T Moose  ~o 11
» present solution for phase | 100 - e parale m;;x{,f’:
+ available & exc. noise: ENC ~ 150e" rms AN
- external FET, Rf, Cf, bias supplies E 10

Shaping time [us]
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R&D: low mass frontend electronics (3)

WANTED: ASIC frontend cod-77K , warm
indispensable for phase | 6m.differential digital
with segmented detectors! A/ {ampHFADCJ_g,

| i filter
Specs for 77K ASIC | - |

1? |

gain 200 mV/MeV ~ O(GQ)! @) L MOSFET: |
dyn. range 2000 | i
BW 20-30 MHz ’
ENC <100e @ 30 pF floor plan
output differential

» ASIC development in CMOS
challenges: Rf, 1/f noise of MOSFET

i ) ASIC in 0.8y AMS process,
w / wo integrated input FET,
Rf and Cf not integrated,
very good results

ii) ASIC in 0.6y, 5V XFab process,
w / wo integrated input FET,

Reterence channel #1

Input channel #1

Reterence channel #2

Input channel #2

Reterence channel #3

Input channel #3

Reference channel #4

Input channel #4

integrated Rf, Cf and bias supplies, PC || Bias Gen
tests in progress
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R&D : modified electrode detector

i ! , 5,
wimilar ™, w
chargs
ll'\ ",| trajectories + radial S
—=) dERENEIRASY w,
i multiple e

-‘-‘-F
depositions is broken ™ -® P'

FLETPET S SR pree

| Cobiad weol Ed)
| drapa with
| size of pt

wradiant of impurties electrode

{provides social deifit)
e

standard conxinl HPGe Petype modified slectrodes

z
r

18 wesase
Fig. 4. Calculaed potential distribus i -
Voo pf on of the experimental shaped-

* Non-segmented but powerful PSD
» most interesting candidate if mass
production feasible

Luke et al. , IEEE TNS 36 (1989)
Barbeau et al., nucl-ex/0701012v1

coaxial

1
- L—-—-— & 3 modified |
o electrode

-~

/

_ I
ij‘-"j I"'I e

M oalre 135058 Bl
& Ohi » -120mY

T T

FIG, 10 Efect of electrode geometry on pul=ss formation for
a multiple-site gamma interaction (see text).
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nuclear matrix elements

® RORPA (g, =125)
m RORPA (g, =10}
o QRPA (g,=1.25)
o QRPA (g,=1.0)

IIIITIIIII
Hd
FeHEH
8
e

iﬁ%%# c

—
-
IIIIIIIIIIIIIIlIIIIlI

1.5 g
I:
0.0 Ti5 82 G L 16 128 130, 136

Ge Ne Zr Mo cd o Te l'e xe

- . . s, . . o . .
FIG . 2 Average muclear mairix elemenis il.ll-.ll'.( i and their variancs {including the error coming
. . . . iy . - . . .
from the experimental uneertainty in W=7 for both methods and for all considersd muce. For
36N e the error bars encompass 1 he whole interval related to the unknown rate of the 2w 34 l|l.'l':-'|_'.'.

V.A.Rodin, A.Faessler, F.Simlovic & P.Vogel, NP A766 (2006) 107-131
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