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Outline

(1) ovpp physics
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Double beta decay
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%Ge: Q,, = (2039.061+0.007) keV ~ Bjlauntetal. Phyafe. do1 ol

other BB isotopes: *Ca, ®Se, °°Zr, ®°Mo, ''°Cd, ***Te, *°Te, *°Xe, °Nd, *°°U
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Motivation for Ov(3[3 decay searches

2 neutrino O neutrino
double beta decay double beta decay

,©
allowed by SM, AL =0 forbidden in SM, AL = 2
i Ovf3B decay: » Majorana nature of neutrino
W. : Z_ » lepton number violation AL=2 !
Ve?/\;)el Vi V, o > effective v mass: (m,,)=|), Ugm|
n — D » access to v mass hierachy

exchange of majorana neutrino
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Neutrino oscillation tells us — Neutrinos have non vanishing rest mass!

normal inverted ]
m? m?
A -V, A
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solar~7x10™eV? )
atmospheric sl
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atmospheric
P —_— ~2X 10_36V2
o solar~7x10™¢V?2 ’
m, - = =4 75
0 - 0

what is the absolute mass
scale?
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: ~disfavored by 0v(3 :-
1.GERDA Phase | limit____________........
10—1 Sttt
o
e o
E 10_2 C 2
3 : =
8 2
o
<
0
1077 @
F 3
o
o |
Q
< 1 Nucl Phys B659
10-% | 1| (2003) 359

107* 1073 1072 107! 1
lightest neutrino mass in eV
effective electron neutrino mass:
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m =masses of v mass eigenstates, U_=elements of neutrino mixing matrix, e?*P = Majorana CP phases
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Double Beta Decay detection in "°Ge

2 neutrino O neutrino
double beta decay double beta decay

.
8@
a.u. search for Ov[3(3 peak at
0.003 |- — 76
VBB QBB = 2039 keV ("Ge)
0.002 |-
0.001 |- Expected decay rate:
0 TV =GW 7 W2 [ 2
0 500 1000 1500 2000 ; 1/2) / (Q9 )B‘w | < \<€>
Energy hA¢jife  Phase space  nuclear effective
electron-energy spectrum airiie integral  matrix element v mass
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Double Beta Decay detection in GERDA

Sensitivity:

0 ¢ J M-t
1/2

‘"N AE-B
M-t = exposure
e . = detection efficiency

AE = energy resolution
B = background index

a.u.

0.003 © 2VBB detectors enriched
Oovpp to 86% "°Ge
0.002 -
Phase I |
0.001 |-
Exposure [Kg -yr] 15 100
D R
0 500 1000 1500 _ 2000 Bg [counts/(keVkg-yr)] 107 10°°
Energy Upper limit mgz[eV]  0.23-0.39 0.09-0.15
electron-energy spectrum A. Smolnikov, P Grabmayr PRC 81 028502(2010)
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"°Ge 0V search before GERDA

T T T

Bl 35.5 kg y (SSE)
sl [C153.9kqy
[ expected Ovgg line

counts/(kg y keV)

energy [keV]

12

Counts / 2keV

2020 2030 2040 2050 2060
Energy (keV)
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Heidelberg-Moscow
[H.V. Klapdor-Kleingrothaus et al.,
(Eur. Phys. J. A12, 147-154 (2001)]

Exposure Result T,
53.9 kg-yr > 1.3 x 10® yr (no PSD)
35.5 kg-yr > 1.9 x 10®° yr (with PSD)
(90% C.L.)
IGEX
[Aalseth et al.,
Phys. Rev. D 65 (2002) 092007]
Exposure Result 777
8.8 kg-yr: > 1.6 x 10 yr
(90%C.L.)
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"°Ge 0vpp: the claim

KIapdo.r—KIeingrlothaus elt al.
i NIM A 522 (2004)
PLB 586 (2004)
20 \
% 1N
5l = AN i
10 AN i
5" | RN _
- o 2o
Energy, keV
Klapdor-Kleingrothaus et al. (2004) Klapdor-Kleingrothaus et al. (2006)
[NIM A522 371 (2004), PLB 586 198 (2004)] [Mod. Phys. Lett. A 21, 1547 (2006)]
» Claim: 4.20 evidence for Ov[3[3 » Claim: T ,=223x 10% yr (~60)
T =1.19x10®yr - .
112 » not considered by us, because:
» Exposure: 71.7 kg-yr, (1) reported half-life can be reconstructed* only
Background: 0.17 / (kg-yr-keV) with € o™ 1 (previous similar analysis € o~ 0.6)
» Events: 28.75+6.87 (bgd: ~60) (2) ¢_=1(alsoused in result from 2004),

GERDA value for same detectors is afep: 0.9

* B. Schwingenheuer in Ann. Phys. 525, 269 (2013)
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Outline

(2) GERDA setup
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GERDA at Gran Sasso

7473500 m w.e.

Underground site to
reduce cosmic muon
flux by ~1,000,000
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Germanium Detector Array
A

LY L _'II_E
- =

_— -

Ge detector array
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Water tank and cryostat

floor of clean room

. ..""i-f - M

2m

Eur. Phys. J. C (2013) 73:2330
arXiv:1212.4067
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http://arxiv.org/abs/arXiv:1212.4067

Cherenkov muon veto .

L . E 3 = Eur. Phys. J. C (2013) 73:2330
plastic scintillator plates aaEmm—— . arXiv:1212.4067

on top of cryostat (3 layers)

view into water tank
with 66 8-inch PMTs

o ilireg tubse

base / wodtags divider
b i tresgh
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http://arxiv.org/abs/arXiv:1212.4067

linear
pulley

winch

c: fixation of cable chain and
cable feedthrough

d: removable vertical tube

e: individual shutter

{ cluster flange |
LY -
| DN630 shutter 1]

glove box

1 detector
string

cable chain
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. » idea Gerd Heusser 1995
GERDA hlStOry (1) » GERDA proposal 2004
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GERDA history (2) )

—
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GERDA Phase | detectors o

Semi coaxial detectors:

8 refurbished diodes from HdM & IGEX (86% enriched in °Ge)
— mass of operational detectors 14.2 kg (~87% active mass)
(2 detectors shut off due to high leakage current)

1 natural Ge detector (GTF)

BEGe detectors: 3.6 kg
new detectors, inserted later

A - 7Y -‘h\.,’

_ _—taD32C

==
ln .

‘-'ff,jgf',?;;c;D32D

<t B
- «(GD35B

. GD35C
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GERDA Phase | detectors

Semi coaxial detectors:
» 8 refurbished diodes from HdM & IGEX (86% enriched in °Ge) ‘
— mass of operational detectors 14.2 kg (~87% active mass)
(2 detectors shut off due to high leakage current)
» 1 natural Ge detector (GTF)

CC2 charge sensitive preamplifier (3 channels)
— low radioactivity
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Data processing & selection

Processing:
diode — amplifier - FADC - digital filter
— energy, rise time, pulse shape, ...

» Data processing frame work ‘Gelatio’
» 2nd independend software 'Geana’
for cross check

Enerqgy calibration:
» (bi)weekly with **Th (+ pulser)
> resolution: ~4.5keVatQ_ (mass weighted

average)

» stable gain within 1 keV at QBB

— — GERDA 13-07
3 °F shift of 2614.5 keV position aANG2
=, = L : b ANG 3
E Zj 4 ANG 4
5 E 8
n ° . u [mWANGS
1I— 2 4 i R ¢ s e s 4 lorc1
— é ¢ ¢ o o] 4 g: e . ¢4 ®RG2
oF % — ", *+ % ¢ $
- Y RN L L LI
: 3 g:i ' ) LK 2N 5% i * i '
-1j .l é ’ 7] FWHM=1.29 keV
— gl Q L4 " § £ 30 mean=-0.11 keV
_2:— 20F
= P P N N S R SO SIS Y

Nov/11l Jan/12 Mar/12 May/12 Jul/l2 Aug/12 Oct/12 Dec/12 Mar/13 May/13

03/02/2014

Data selection:
» muon-veto
~ ) I @)
» 2nd detector } 20 % rejected @ Q,,

» quality cuts ~9 % rejected

physical events non-physical events

T T T T T T T T
X :i \: BE—— " FIRTTRIS
.?; ;i . e
B L i
E: 1
H . -
2 f I
-80 &0 -40 -20 0 20 40 &0 &0 e
time as] -20 -10 0 10 20 30

time [us]

Quiality cut @ 2615 keV line of **Th

>
2 102 before cut
- 4 after cut
o 10
£ 100 EMpIHErTETIE
>
Sint |
10

2600 2605 2610 2615

energy [keV]

2620 2625 2630
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Commissioning: first calibration data

» enriched semi-coaxial detectors

Yy
Ty

counts

RG2

500 1000 1500 2000 2500
energy [keV]

E4.8 keV,

4.8 keVf)

4.5 keV/}

=45 keV”

4.8 keV.

. 5.1 keVft |

550 600 2550 2600

GERDA 12-09

03/02/2014
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total mass: 3.6 kg

03/02/2014 Mark Heisel, GERDA Phase | result 24



Overview on data taking

>
>
>

start phase I:

November 9, 2011

total exposure for Ovpp analysis: 21.6 kg-yr
duty factor: ~90%
c T runs 25-32,34-43,44-46 GERDA13-05
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Eur. Phys. J. C (2013) 73:2330
arXiv:1212.4067
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Mark Heisel, GERDA Phase | result


http://arxiv.org/abs/arXiv:1212.4067

Outline

(3) Background & 2vpp
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Phase | physics run, energy spectra

= i ; GERDA 13-06 =
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Dominant background sources: 42Ar, 228Th & 226Ra in holder, o on detector surface
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*K background

“Ar activity used for proposal:

measured in GERDA;

329y
1 0

L 12Ar

Qﬁ_=600

100% 93, Z 0 12360h
%
12.360 h S5
- A
2 0 §
N
42 Sy
19K oy & @
IS & o
Qy =3525.4 S e A2 USD
p- ‘D'N(\(?C‘:? @ﬂ"‘-v\ 8’;"0
FOST NY weld
007% 560, 3 TORUY yp Mo L 3446.96
" « 0 ©
<9 :
4+ 1S FoS O o 2752.41
005% 90, 2+ ) oo f\“-’nga-q?' 2424.17
D
034% 997 o . Jj%‘ - 1837.3
17.64% 76, 2* 3 RiS 1524.73
81.90% 9.57 0* 3 0
42
spCa

03/02/2014

<41 pBg/kg @90% CL
(93.0 £ 6.4) uBa/kg

[Barabash et al.,2002]
(preliminary result)

» background enhanced by collection of “K ions via E-field
» therefore: E-field & convection free configuration in 'mini-shroud'

- -
[=] W)
(=] [=]

[+
o

counts/(keV x kg x year)
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2K line
@1525 keV

oo Ml
1550

without
mini-shroud

with mini-shroud

LTI i d
1600 1650
Energy (keV)




data/model ratio

Background model

4l ] o .
10 = GOLD-coax
10° B - erea

L
1025
_._‘__|_|—|_.___—___’J_L__:i_—|_'.'
10 : ------------------------- ST CELE = —
1 ) R—— PR - pu———— -
ET"'T'"T'"T" !-. | . | |
1.4 éég&;/model
1.25- Eo0.90% .
(SR R — - o o — [} o o o
1.0 SR S 0. ® o G oo % o
0.8
500 800 1000 1200 1400 1600

energy (keV)

» simulated known & observed
background contributions
» fit combined Monte Carlo spectra
to data in interval 570 keV — 7500 keV
» different combinations of

backgrounds tested (location & contribution)

— no hint for additional (strong) peaks
— model describes data well

accepted by EPJC
[arXiv:1306.5084]

03/02/2014

data/model ratio

events/(50 keV)

data/model ratio
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L L e B B e L B R B |
10° * data 2vpp === Alphas g
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| R
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2 2 o o o
1 o OO o© ) . ° . ©.n%0 ° ° uao 0e® © ° 1
2000 2500 3000 3500
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L L B L I I L 'g
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102 = model il
210,
Po on surface
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1
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1
1= 1
= 1 1| feemmswem,
= 1
— J'-- :J‘l' I--' i
101 =" i !
= 1
= I | | B WE—— [ IR
5E- o data/model
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GERDA result: halflife of 2v[3(3

% 500 « data 52\’[3[3
. — model PSS
& [ 68%Prob ~~ p
% 400 — ""Bi
[= S
) |
> -
300(— A
- SIB~4:1
200—
- exposure
- =5.04 kg-yr
100
e,
L e g,
600 800 1000 1200 1400 1600 1800
energy (keV)
o 4+0.09  +0.11 21 _ +0.14 21
Tl}/z = (1.847'08 fit ~0.06 Syst) 107" yr = (1.8475p) - 107" yr

[J. Phys. G: Nucl. Part. Phys. 40 (2013) 035110]
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Comparison of 2vp[3 measurements

~22 .
> B c
%, oF :

[wi i
el 3 S = 3
g : % o = -
T8 2 x } . + }
- 5]
B | & G this work
1.6_— % .
- _ =
14— > 0 !
] B E s Barabash
12— £ |3
L |3
— ] ..._l
L [ E
1.[]_— l
B } NNDC
0.8— :
T | I | 1 1 | | | | | 1 | | | | | | 1 1 1 | | | | 1 1
1990 1995 2000 2005 2010
publication year
v __ +0.09 +0.11 21 _ +0.14 21
T1/2 — (1'84—0.08 fit —0.06 Syst> 107" yr = (1.84157,) - 107" yr

[J. Phys. G: Nucl. Part. Phys. 40 (2013) 035110]
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events/keV

events/keV

Background model at QBB

Minimal model

E g
=~ Wl data 2vpp Th228 H Co60 H
102 = UBdata  ==-Alphas Ac228H  — Co60 Ge
= — model —Bi214 H — K42 LAr
10 & —Bi214p+ ---K40H
1
10 . oy

- Ll

102 ! N W] T RSt | -

1.0 i : . | _ _ _
0 blinded fLﬂ

1940 1960 1980 2000 2020 2040 2060 2080 2100 2120 2140 2160 2180
. energy (keV)
Maximum model

E g8
=  Wldata 2vBpB Th228 H Co60 H Bi214 LAr
10° == UB data === Alphas Ac228H —Co60 Ge —Bi214S 8
= —model —Bi214H  — K42 LAr K42p+  —Th228 HE
10 = —Bi214 p+ ---K40 H - -K42 n+ Th228 S
= Ac228 S
T
|
107 | i| ! 1R N A | 1| .'Ill I .
Tt e P s [ Ul B oo i B T E i i 8 el - e BBl L
o BN R Ty EY ~ = o ey
10 By e e I e e Y e R

1.0
0.5

blinded it
L Y i -

1940 1960 1980 2000 2020 2040 2060 2080 2100 2120 2140 2160 2180
energy (keV)

> no background peak at QBI3

» background is flat
in 1930-2190 keV
—  excluding known peaks
at 2104 and 2119 keV
- expect <<1 event in other
weak 214Bi lines
(e.g. 2017, 2053 keV)

»  partial unblinding
after fixing calibration
& background model

Background index:

Golden coax:
Bl = 1.757%% - 1072 cts/(keV kg yr)
BEGe:

Bl = 3.6i11'_% - 1072 cts/(keV kg yr)

32

03/02/2014 Mark Heisel, GERDA Phase | result



Outline

— Pulse shape discrimination (PSD)
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Pulse shape discrimination

SSE: 53, DEP MSE: Compton

weighting potential SS E _ MS E
0 0.2 04 06 0.8 1 [ \ ( ~
T T T T T T T 1 s Vi Y, / : J ) .
2 | 1 N -’,"’_h""x A TN
= ©r 7 : O : ( }\ ] ' 7 : '
X OF . R N s " S L S
® 60| e ] TN O TN o
_é =40 L N R — “ e,
q) 30 h — 310 :.1_0__ ...................................................................
N o L 1 ¢ F « £ MSE
8 QB[ eer e
10 |- - : .
o L | 6 0B - eeme gl
1 1 1 1 1 1 1 1 1 N B
T | — T | I — T T A L
30 |- | -
m N 012-— .......................
10 = N 1 1 L L 1 - 1 Il L 1 1
m o L | I I I*I I I e 81200 81400 81600 81800 82000[ ns] 81200 81400 81600 81800 8200{)1 [ns]
-40 -30 20 -10 |0 10 20 30 40 .
[mm] 0v33 events: 1 MeV electrons in Ge ~ 1mm range
L5 L faoo one drift of electrons and holes SINGLE SITE EVENTS

(SSE)

Background from ~’s: MeV ~ in Ge ~ cm range
several electron /holes drifts MULTI SITE EVENTS
(MSE)

Surface events: only electron or hole drift
[Eur. Phys. J. C (2013) 73:2583]

current signal=q-v-V @

g= charge, v = velocity
(Shockley-Ramo theorem)
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» developed with calibration data
robust & well understood method

» double escape peak (DEP) of **Th
are single-site-events (SSE) and serve
as proxy for Ov(

» use ratio A/E for discrimination
(amplitudes of current and charge
pulse)
accept events 0.965 < A/E <1.07

= singlle-site | | ,\IQ%
o sh ] =990 (ovpp-like) %,
5000 | B all events — | ° (o
w 4500 | after P3SD cut — T 400 A |
5 4000 1< | %200
2 200-
et ﬁg’: DEP: <
—_ | . 7 ) W
£ 2500f 90% ""500 0 500 1000 1500
S 2000 L 800 . L . .
1500 | < ' = multi-site 6?}‘
1000 | L | 800 (background like) %6'
500 | SO , | o
o= : e T 400- —
1560 1580 18600 1620 1640 %_ A
Energy [keV] £ 200~
<
0

5000 0 500 1000 1500
Time after trigger [ng]
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developed with calibration data
robust & well understood method

double escape peak (DEP) of **Th
are single-site-events (SSE) and serve
as proxy for Ovf33

use ratio A/E for discrimination
(amplitudes of current and charge
pulse)

accept events 0.965 < A/E <1.07

A/E versus E for physics data

spectrum with PSD applied (blue)

before A/E cut

s
3102 B rter AE cut

@ blinded region
LT ]
1.07 t
o . 3
S o

. 0.965
. 10
— A/E cut
= data

blinded region ’

counts/(5 ke V)

m

0ig50 1900 1950 20‘00

050 21b0 2150 2200

energy [keV]

. . L L L L L | L . . . L . . . . L . . N
2000 3000 4000 5000 1000 2000 3000
energy [keV]

R
4000

P
5000

P
6000

energy [keV]

TN I R
7000

T I
8000

Ovpp efficiency = 9212 % determined from DEP efficiency & simulation

2vpP efficiency = 9115 % in good agreement to DEP efficiency
reject > 80% of background events

03/02/2014
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'y

Pulse shape discrimination for semi-coaxial %

Input: time when charge signal reaches 1%, 3%, ..., 99% of maximum

GERDA 13-08

< [F —— full energy peak FEP - ANG3 : —— physics data g
L N 3.5 | ---- calibration DEP §—100
2E double escape peak DEP ﬁ % : e : — calibration SEP  § -
& F c_ I | 2vBp spectrum .
= o i | 90% efficiency —80
— > | i
= =25 |
== ©
- 9 b
= @ A=0.05 . —60
- ] &
= P4 A
- L 1%
— rily 1 ©
= ':_EI ’ _ @
time . E | 20.5
» tested many methods implemented in TMVA, - Fl E
oo _ o L
selected artificial neural network TMIpANN O'OF" ; ! 0
\.\- L] a JJ. | l | I | | l ‘ l l ‘ l l
iti ival = 909 0.2 4 0.6 0.8
> select ANN cut position @ DEP survival = 90% !3 ANN reaponse
|
cross checks: :
L ——
2vBP eff. = 8522 %, >
2.6 MeV v Compton edge eff. = 85-94%, accepted as SSE-like

56Co DEP (1576 keV) eff. = 83%-95%
56Co DEP (2231 keV) eff. = 83%-93% - O
0 vppetficiency =0.90_
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10 |=

cross check ANN with two other methods:

= - . : : - ; H
S calibration data | s, physics data — | without PSD
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<

rejected by likelihood

o 3
2, o * rejected by ANN (O rejected by asymmetry 3
% ’ range of ANN cuts blinding window i
g .
L]
M *
<0.8— e o @ .
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L O] ) @)‘ % ®) )
o6t “® @ ®
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I ® ® ® .
 ® * e e * 8 +®
0.4 ® @® ® ©4
® ® @@, ® ®
9® YAl 5 e @ ®
© @e®® g o BT s
© ® ® @ -
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0 G L | ‘ | J—— ‘ 1 L | | 1 | | | L1 1 ‘ | L1 |
’ 1950 2000 2050 2100 2150

03/02/2014

energy [keV]

1800 1900 2000 2100 2200
energy [keV]

Method 2: projective likelihood
trained with Compton edge events
Method 3: “current pulse asymmetry * A/E”

» 90% of ANN rejected events also rejected by both,
» 3% only rejected by ANN
— classification of background like events meaningful!
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Outline

(4) Phase | result
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Unblinding at GERDA collaboration meeting in
Dubna/Russia, June 12-14 2013

Discussions & preparation for unblinding: freezing all parameters and methods...

» 3 Data sets: golden, silver, BEGe » define PSD method and cuts

» Energy calibration method and parameters » define statistical methods
03/02/2014 Mark Heisel, GERDA Phase | result 40



Unblinding: analysing collaboration bets
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Unblinding BEGe data set (2.4 kg-yr)

e
n

=
— +5keV
% - blin?jﬁgd window [ oefore PSD
£ F b B B M| after PSD
g B
g L
05—
Ro0 5025 0302035 2040 2045 T H050 2055 2060
S 3
32.5— ' :
N E :
3 i i
S15— ! |
o - 5 5
° - 5 e
0 o 50— 2050 5650~ 5700 5150 5200
energy [keV]
BEGe data set: 1 event in blinded window

0 events survive PSD cut
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Unblinding silver coaxial data set (1.3 kg-yr) X
| GERDA
Emz Q, +5keV
3 T blinded window [1lbefore PSD
5 1— - o |after PSD
8 [
05—
R T LTV RS V0
> 3
o5 : :
S r : i
@ 5 i
S15— i i
8 [ i |
T i
e )LD L))
07500 ~— 1650 2000 " 050 2100 2150 2200
energy [keV]
Silver data set: 1 event in blinded window

1 event survives PSD cut
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Unblinding golden coaxial data set (17.9 kg-yr) 5

blinded witidow []|before PSD
B

after PSD
AN n

L1 L il L1 L NI L1 TR SR A L1 i 'l
2025 2030 2035 2040 2045 2050 2055 2060

counts/keV

2

(4 5]

counts/(2 keV)
a3

.

&)

=

1900 1950 2000 2050 2100 2150 2200
energy [keV]

Golden data set: 5 events in blinded window
2 events survive PSD cut
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Unblinding full data set (21.6 kg-yr)

>
Q
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)
4
c
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o
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03/02/2014

counts/(2 keV)

(o]

»

N

N

o

blinded wind

ow

IIIII I ﬂﬂH 1 HHID(

GERDA 13-07

[

2025 2030

2035 2040

2045

2050

2055 2060

1930 keV 4

1900 1950

Full data set:

Oﬂ

2039 keV

v

2000 2050

2100

background interpolation - - - ¥

II‘II“” J” 1 ‘IIII‘ IIII“I IHIlll“l | ”II‘ FI‘II‘h

2150

2190 keV
2204 keV

214Bi

IJIIII”

2200
energy [keV]

7 events in blinded window
3 events survive PSD cut
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Parameters of the three data sets

03/02/2014

data set  Elkg-yr]  (€) bkg BIT) cts
without PSD (in 230 keV)
golden 17.9  0.688 + 0.031 76 184+2 5
silver 1.3 0.688 +0.031 19 63715 1
BEGe 2.4 0.720 £0.018 23 427" 1
with PSD
golden 17.9  0.61979% 45 1142 2
silver 1.3 0.61970-514 9 30%, 1
BEGe 2.4 0.663 4 0.022 3 514 0
) in units of 1072 cts/(keV-kg-yr).
Total counts in Expected Observed
ROI (background only)
without PSD 5.1 7
with PSD 2.5 3

Mark Heisel, GERDA Phase | result
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From counts to half-life limit

» fit 3 data sets in 1930-2190 keV

Ov In2-N A with 4 free parameters:
1/2— 0V M-t N6 fav . Efep . Epsd 3x constant background
enr N 1x gauss with (TOV)-1 >0
» fix gaussian:
data set M*t i fav e o 1n=(2039.06+0.2) keV
golden 179kgyr 0.86 087 092  0.90 c_.=(2.0£0.1) keV
silver 13kgyr 086 087 092 090 Oprce—(1.4£0.1) keV
BEGe 24kgyr 088 092 090 092  gystematic uncertainties on f, €, , c:

exposure averaged efficiencies Monte Carlo sampling & averaging

Frequentist: profile likelihood fit - best fit Nov=0,  T,>2.1-10*yr (90% C.L.)
Bayes: flat 1/T prior O - 10-24 yr — best fit NOv=0, T?,V2> 1.9-10” yr (90% C.L.)

Frequentist: combined with HdM [1] & IGEX[2] =  T1,>3.0-10°yr (90% C.L.)

[1] Euro Phys J A12 (2001) 147. [2] Phys Rev D65 (2002) 092007.
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Comparison with claim (2004)
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counts/keV

--- Claim: T® =1.19x10% [Phys. Lett. B 586 198(2004)]

GERDA:
90% lower limit (T>")

1/2

GERDA 13-06

2055

5060

1930 keV

1900

OIL

2039 keV

v

1950 2000 2050
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Global picture of Ov[3(3 results

1026 i "GERDA 13-07
=
)
& [ Gecombined ____
2y GERDA Phase |
Anl-

model independend
comparison:

>3.0-10” (90% C.L.)

>2.1-10”(90% C.L.)

claim (20(%/

(1.197330)-10%

p(N*’=0|H_) = 0.01

(probability for O events in ,Ge
combined" if claim is correct)

Ge combined:
m_= 0.2-0.4eV

10%°

ov 136 10°°
50 (77 Xe) [yr]

NME from: P. S. Bhupal Dev et al., (2013), arXiv:1305.0056
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Global picture of Ov[3(3 results
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10%°
B
D
s [ Gecombined
>~ | GERDA Phase |
2

claim (200/(/

1
1
1
1
S
N S
o2 S
prd
Q< i€
QE S
x| @ o)
L[N 1<

NME from: P. S. Bhupal Dev et al.,
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(2013), arXiv:1305.0056

>3.0-10” (90% C.L.)
>2.1-10"(90% C.L.)

(1.19703)-10%




Design goals reached:

» collected exposure: 21.6 kg-yr

» achieved background index: ~0.01 cts/(keV-kg-yr) after PSD
— unprecedented!

» halflife T of 2vpp: (1.847219) x 10 yr

.

phieda . ¥ RER . %
: M&‘f‘u e R T H e N

No Ovpp signal in °Ge observed at Q.
» claim (2004) strongly disfavored (model independend)

» blind analysis performed
» Observe 3 events in Qggtd keV with expected bkg of 2.5+0.3 —~ no signal

T:',>2.1-10yr (90% C.L.)




Outline

(5) Outlook on Phase Il

» collect total exposure: 100 kg-yr

— produce ~20 kg more detectors

» aspired background index: 107 cts/(keV-kg-yr)
— use improved detector support & electronics

— use active background suppression
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Phase Il diode production completed

» 30 enriched BEGe detectors (~20.5 kg) were produced
& successfully tested in the HEROICA test facility

2010: reduction & zone
refinement, PPM Metals
GmbH, Langelsheim,
Germany

2005: isotope enrichment
at ECP in Zelenogorsk,
Russia (37.5 kg GeO,)

2012: diode production at
Canberra Olen, Belgium
& acceptance tests in
HEROICA test facility

2011/12: Crystal pulling &
cutting at Canberra, Oak
Ridge, USA
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Liquid argon scintillation veto R&D

e.g. internal Th-228 source

1oe _ without veto  mmmmm
N with LAr veto
1075y with PSD cut ——
with veto & PSD —
1014
3
o 1013 | |
Ll
o T
'WW gkt |7
| | |
1070 . | m | ‘ |||'||'|||'|'|'||'||||||||'|||'| |'|N|!'|i|| “M”h |'|'| ulMI
LArGe testbench 0 500 1000 1500 2000 2500 3000
at Gran Sasso energy [keV]
source F’DEitiﬂﬂ EupprEEEiDﬂ factor cos SuppreSSIOn at reg|0n Of Interest
LAr veto PSD total 10
2Co int 2T £ 1.7 76 £ 87 3900 = 1300 T
2R ext 32+02 44404 18+ 3 2
int 46 £ 02 4102 45+ 5 e
pay, O 25+12 28£01 129+15

int 1180 £ 250 2.4 £ 0.1 5200 + 1300
energy [keV]
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Liquid argon light instrumentation for GERDA

9x 3“ PMT

Cu shroud &
wavelength-shifter

Ge detectors

scintillating fibres
& SiPM read-out

Cu shroud &
wavelength-shifter

7x 3" PMT

03/02/2014

By

» MC optimization campaign completed
» hardware is beeing tested & prepared

PMTs

JEl
test"stand
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GERDA 0v[3[3 sensitivity projection

[—

<
)
=

Phase Il commencing
mid 2014
0°

Ti/2 90% lower limit (yr)
-
)

O Current BI, 10 keV Window, 3.5kg BEGe 1,/5/2012

Claim (central value), Phys. Lett. B586 (2004) 198.

HM 90 % CL Limit, Eur. Phys. J A12 (2001) 147
| |

0

20 40 60

Months of Running

Phase Il goal: T % > 1.5 x10% yr

03/02/2014
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GERDA Phase |
limit (90% C.L.)

Heidelberg-Moscow
claim (2004)
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