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m gg [eV]

Ov[3B-decay

* Natural decay mechanism: exchange of massive Majorana neutrinos:

1/T1/2 = G(QIZ) I IVInucI I ’ <rnee>2

ovBpB Phase space Matrix Effective Majorana
decay rate factor element neutrino mass
Dell'Oro et al., PRD 90, :

033005 (2014)
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| Neutrino is massive, but
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Ov[BB-decay — signature

Signature: sharp peak at Q-value of the decay

0.003 |-
0.002 Total energy of
decay is
deposited
0.001 within
detector:
sharp peak
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70-110 mm

25-50 mm

Ov[B-decay:

HPGe detectors enriched in 76Ge

60-860 mm

= detector-grade germanium is

high-purity material
g —> low background
B = established detector technology

= industrial support
' / - = very good energy resolution
pfrt_l%t;:j;i; \ n* %l-iCtkl;u?de ~0.1% at QBB

/ = high detection efficiency
source = detector

65-80 mm
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GERDA experiment at LNGS
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bare HPGe detectors in LAr
water and LAr — shield against external radiation
deep underground — Hall A of LNGS, Italy (3400 m.w.e)

Lock system
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Clean room

Cryostat with
.4 | internal Cu shield
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GERDA: the Collaboration

www.mpi-hd.mpg.de/gerda/
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GERDA: Phase |

Coaxial

‘hree c’rf strin

TAUP 2015
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Coaxial detectors (from HdM, IGEX)
* Enriched 86% in 76Ge

* Total mass 17.66 kg

* Reprocessed by Canberra

* Average FWHM 4.8 keV at Qg

New Phase Il BEGe detectors

* Enriched 86% in 7°Ge

* Better pulse shape discrimination
capability and FWHM (Phase |
average: 3.2 keV at Qg )

8



Phase | results:

OvBp

Total exposure:
21.6 kg yr between Nov 2011 and May 2013 (492.3 live days, 88.1% duty factor)

Prominent analysis feature: blind analysis!
* Eventsina 40 keV range around Qgg are blinded
* Develop and validate the background model and the PSD cuts before the unblinding

> 3— _ o GERDA 13-07
e r Ty, = 2.1 x 10% yr H, Without PSD
= L
S | With PsD_|
Backround after PSD: 8
1072 counts / (keV kg yr) 1= - -
v’ design goal reached! -
05025 2030 2035 2040 2045 2050 2055 2060
Limit on the half-life: Hy: Ty, =1.19%037 ) ,2-10% yr (*) vs. Hy: background only
' Expected Signal (w/ PSD): (5.9 + 1.4) ctsin +20
T(lh/,Z >21X% 1025 yr (90% CL) Expected Bckgd (w/ PSD): (2.0 i 0.3) cts.in 120
Observed: 3.0 in*+20 (0in +10)
KK claim (Phys. Lett. B 586 198 (2004)) strongly disfavoured! PRL 111 (2013) 122503
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New Phase | results:

n
~ —_ — - background
G (Qﬁﬁ K) o data - DB
£ E _ — - OvpBy, (n=1) (90% C.1.)
é 0.016 = 2vie ovpp model (background + 2vpp) _ SVEEX gn:% §98°§o : ;
£ 0.014 =7 S vRBy (n=3) (90% C
£ 0012 £ s || 68%interval mnims OvBBY, (N=7) (90% C |)
oot ? 4 % :I golden data set (179kgyr) I I | I I §
0.008 — / R X eeas x
; - 7 N\ O | g e om0, g
0.006 = /,/ // % e 103 5T TR e &
0004 =/ / / .y \-,\ .g
0.002 i# / B \\ % >
O;// -_——_'e 10
250 500 750 1000 1250 1500 1750 2000
. . energy [keV]
* Alternative mechanism of Ovpp : 101 ommmmmemm e e =
Majoron(s) emission I PPN . L., .. ook .. . -
. . % - BEGe data set (2.4 kgyr) 3
— Many models/candidates available: = - :
D2l ]
BBXI BBXX g 10 =y
H . [ _---_._.-‘—'__|——|—_.]-_—l—-'-'|—.L
— Continuous spectra, but different S
shape than 2vpB decay (n=5) -

— Global fit of the energy spectrum
forn=1: T3 > 4.2 x 102 yr (90% CL)

000800 T %&6\%
ener e
Most stringent limits for 76Ge, 9y
improvement by a factor > 6 arXiv:1501.02345 (in print at EPJC)
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New Phase | results:
PAVEIE

 2vBp .- alpha Old GERDA result (5 kg yr):
o data
— K42 LAr Cos0 H TZV — (1.84+0'14) X 1021 yr
— model - K40 H — Co60 Ge 1/2 —0.10
Ac228 H — Bi214 H J. Phys. G: Nucl. Part. Phys. 40, 035110 (2013)

Th228 H —Bi214 p+

" N ' ' 1 ’ ’ 1
— golden data set (17.9 kgyr)

e 000 New:

* exposure 17.9 kg yr

* uncertainties on background model

ERIA 111

events/(30 keV)
2

2
10 - reduced
- 22.2_
10F ® a0k : i, o |
=L o 2 T 3
|—'1_a:— % g + 5 3 { £
1 : 5 ]
1.6~ 2
= — C : Z * {
= = data/model 14 g o
E 2.0 O 68%%: o E . Barabash
T 00 95% RE
E 1.5 W 99.9% 2E ;E.”_‘g
= . L . N N L 08—'— NNDC
1000 1500 2000 Bl T T B B R B S
energy (keV) 1990 1995 2000 2005 2010
New result:
2v 21 . . .
T1), =(1.926 £ 0.095) X 10°" yr arXiv:1501.02345 (in print at EPJC)
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New Phase | results:
2vBpB to excited states

(2v)BB of 7Ge can occur into excited states of 76Se
— Not observed by now.

Previous limits for T, , in the range of few 10% yr.

— Most probable: 0%, level at 1122 keV.
Predictions 10°1-10%* yr for T,

— Benchmark for NME calculations

14 [ 2-detector events I ROl events all cuts
B N S

background model B events all cuts

T §

\Q o' - o !
g.s. 1
CTRA ¥
BRHHHS
etetetele!
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otatelele!
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otetee s )
etetatele!
oteteletet A
oeletels!
2505058505
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counts / keV

GERDA 15-03

4 /
2 J. il
. 11
620
energy [keV]
Konstantin Gusev TAUP 2015

2 26.3 h
76AS
o+
6Ge
S;822'(”(0\/ 94 éﬁQ ﬁ“
16.8 5 o »=2 1216.1 keV
eV 0
1’6‘0 a L 1122.3 keV
Dl 9 ®
% A
Qpp—2089.1 keV 2 o o &
220 559.1 keV
N N
o o
< 9
ot
T 0 keV

- Search for coincidence of BB-decay in one
detector and 560 keV y-ray in another

« NO evidence found
« Limits improved by ~100

- For 0*, level:

Ty, > 3.7 X 10%% yr (90% CL)

arXiv:1506.03120 (in print at J.Phys G)
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Phase I/Il:

Improvement in energy resolution

Zero Area Cusp (ZAC) filter: a novel filter for enhanced energy resolution

finite length cusp

E 20— Zero-Area constraint
g - Zero-Area finite length Cusp
=]
=15
€
©

1.0

0.5

0.0

OS5 e e L L

0 20 40 60 80 100 120 140 160
time [us]
Detector FWHM at 2614.5 keV (keV) Improvement (keV)
Gaussian ZAC

ANG2 4.712(3) 4314 (3) 0.398 (4)
ANG3 4.658 (3) 4.390 (3) 0.268 (4)
ANG4 4.458(3) 4.151(3) 0.307 (4)
ANGS 4.323(3) 4.022(3) 0.301 (4)
RGI1 4.595(4) 4.365 (4) 0.230(6)
RG2 5.036 (5) 4.707 (4) 0.329(6)
GD32B 28161(4) 2.699 (3) 0.117(5)
GD32C 2.833(3) 2,702 (3) 0.131(4)
GD32D 2959 (4) 2.807 (3) 0.152(5)
GD35B 3.700(5) 2.836 (3) 0.864 (6)

Konstantin Gusev

counts/(0.25 keV)

Coaxial detector

18000F ANG5 . aerontsn || ZAC shaping

o A:1.377(25) - 10°
16000_* ‘ W 2614.736(16)
140001 c: 1.7267(56)

r C:69.81(83)
12000 D: 2.76(29) - 10*
i 5: 1.486(33)

10000|— B: 4.19(18)

F Gaussian shaping
aoou: A:1.169(38) - 10*
8000[ | 2614.886(24)

r c: 1.8084(72)
4000 C:70.13(83)

r D: 4.61(55) - 10°
20001 5: 1.391(30)

D‘ ‘ . .|| B: 4.08(18)
2610 2615 2620
energy [keV]
ZAC filter:

counts/(0.25 keV

BEGe detector

8000 GD35B semoatsat || ZAG shaping

L A: 7517(31)
7000} : 2614.5135(41)

- 6 1.2115(29)
6000} C: 20.56(40)
5000

g B:1.47(10)
40001 Gaussian shaping

- A: 5247(21)
30001 . 1: 2614.5317(58)

. - 6 1.7375(42)
20001 i C:20.15(41)
1000F

A ) B: 1.40(10)

0 L -
2610 2615 2620
energy [keV]

v’ Better low frequency rejection
v The energy reconstruction for Phase I/1l can be
improved (for both coaxial and BEGe detectors)

EPJC 75 (2015) 255

TAUP 2015
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GERDA: on the way to Phase Il

&I
o

- === No background
- =10 counts/(kg- keV-y)
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Phase Il:
Add new BEGe detectors (20 kg)
Bl = 0.001 cts / (keV kg yr)

. Sensitivity after 100 kg yr

Phase I:
Use refurbished HdM & IGEX (18 kg)
Bl = 0.01 cts / (keV kg yr)

. . .Sensitivity after 20 kg yr
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GERDA: on the way to Phase Il

* 30 new BEGe detectors (produced and tested)
* We have to reduce background by one order of magnitude!
* New low mass holder
* New front end readout close to detectors & new front end cabling
* New HV and signal cabling
* Pulse shape discrimination (PSD) with BEGes
(more details in the poster from Bjoern Lehnert)
* Liquid argon veto instrumentation

LI Fracof ———

- n+surface /-
ﬁ’ . pulse:NSP |
single site multi site e /
event events o /
inte‘r;k\ - ,/
ns— ,""/ .

. — MSE
SSE
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—

25 um Al wires

HV contact

v' 28 out of 30 BEGe detectors mounted in
Phase Il holders and tested in LAr/LN,

Konstantin Gusev TAUP 2015




Phase Il: new front-end readout

10 m long coaxial

GERDA CC3 preamphf'er cables to the flange
Resistive feedback circuit of FE

electronics (very front-end, VFE)

.........

situated on the Si plate close (~1 cm) to
the detector

0.5-0.8 m (4x) flex cables to
VFE and detectors

* Used at the beginning of Phase Il commissioning:
e High mortality of jFETs found

-> decision: start with Phase | like readout (VFE at CC3 level (> 40 cm from detectors))
v Tested with 5 BEGes during Phase |
v FWHM was fine (< 3 keV at Qg)
v" PSD was also acceptable
Konstantin Gusev TAUP 2015 17



Phase Il: detector array

A

e 7 strings of detectors
e 15 pairs of BEGe detectors mounted back-to-back
* 10 semi-coaxial (Phase |) detectors: 7 enriched + 3 non-enriched

v’ Dense packing of detectors allows
better anti-coincidence cut

v’ Each string enclosed by transparent
nylon mini-shroud against 4?K-ions:

“\‘» \ ///

g o ":*‘ .
A=

p =

=l "“ v . 5

4 \ [ Bare BEGe (scaled)
- 10" = B \Vith nylon MS
v = I PMT cuts
o = C I 89% PSD + PMT cuts
”J L N 73% PSD + PMT cuts
= 5 '
: 2 10° =
;s ! wn =
£ -~ =
i g < [y
I =3
4 o
‘ ' © |
i B A E 102 ] |
% A
7o

!
K
TS

N —— TN g
AR T Y DR Y N

NN

LaaL

o e i ) o 2 &
AN AN L W YRR\ g S !
( S i

oy oy e

4
~',:‘.‘/;“

WK

A

&

-1 1 (-
L 01 400 1600 1800 2000 2200 2400 2600 2800 3000
energy [keV]

Suppression factor > 1000 for 4?K bkg has been demonstrated

in LArGe test facility (nylon mini-shroud + PSD + LAr veto)
Konstantin Gusev TAUP 2015 18
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Fibers (coated with WLS)
coupled to SiPMs

Holes for
N calibration
sources

Cu cylinders with WLS foil
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Phase II:
commissioning 1%t step (pilot string)

Konstantin Gusev TAUP 2015 20



Phase Il:

commissioning 1%t step (pilot string) — 22%Th

- — I > 10*
o s GERDA preliminary May 2015 E 28T calibration run
g 10 g— %[@-‘ |:’ anti-coincidence cut (AC)
e — [=]
= — ? —— AC +PSD
= 6| 10°
S 10°E B AcLArve
- detectors: 10 AC + LAr veto + PSD
4/C, 1/D, 79C, 02B, 35B
10° = 1
2000 ' 2100 |
energy [keV]
10° &
10°
10
10 W
l 1 | | I ] | | | | | | L1 1 | 1 L1 I L1 1 | L 1 | | 1 ] ] | l]Ll]ﬂ

600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600
energy [keV]
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Phase Il:

commissioning 15t step (pilot string) — 2?°Ra

| i L
2000 2100
energy [keV]

10*

T 10 N ;
~4 — GERDA preliminary June 2015 2 Ra calibration run
v [ -
- B E 10 anti-coincidence cut (AC)
210 & z
g = 0 —— AC +PSD
O |
o [
106 | - AC + LAr veto
—  detectors: 10 _ AC + LAr veto + PSD
— 4/C, 1/D, 79C, 02B, 35B
10’ !

10°

10?

10

1400 1600 1800 2000 2200 2400
energy [keV]
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Phase Il:

commissioning 2"9 step (5 string assembly)
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Phase Il:

commissioning 29 step (5 string assembly)

T E —aDasc 3 10
s [ —GD76C 7
S | —GDoiB 3 10°F
5403 — GD89D 3
E — GD79C 108 :
- ——GD61C i - TFHr
— — GDO00D er?grzg{i/ [keV]
102 =
" M I'
i iy mw’{ i e e “““‘""” il "T"TT |
1" T N |
10 ¥ I| Il |‘ 1! | f“ ““\l'
i
FWHM at 2.6 MeV: BEGes ~ 3 keV

Calibration with 228Th

Coaxes ~ 4 keV

1 —— ] 1 1 ] | I ] ] 1 ] ] 1 1 1 1 | | ]
1000 1500 2000 2500

energy [keV]
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Phase Il:

commissioning 2"9 step (5 string assembly)

Phase Il commissioning (~ 1 kg yr)

3
~ 10
)
I
@D
© 103
1440 1460 1480 1500 1520 1540 1560
energy (keV)
10°

200 400 o600 800 1000 1200 1400 1600 1800
energy (keV)
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GERDA status

* Phase |l finished in 2013 but still providing new results:
* Most stringent limit for Majoron(s) emission in 76Ge
* New analysis for 2vBp of 76Ge: T/}, = (1.926 £ 0.095) x 1021 yr
* New limits for 2vp to excited states (improvement ~ 100)

* Phase Il commissioning is ongoing:
* LAr veto fully installed and operational
27 out of 40 detectors installed
Unexpected problem with LC for some detectors found
v will be solved soon by producer
Working diodes show stable behaviour
Energy resolutions of working diodes are good (as in Phase 1)
v" Phase | like readout is fine to start physic data taking
bkg run with 1 kg yr exposure: background fits our expectation

‘ Final Phase Il installation will require more steps
e Fall 2015: full array in GERDA




Additional slides



GERDA:
42 Ar concentration

0+ 329y

2- 12.360 h Limit < 41 uBq/kg (90% CL)

42 4
18Ar B ?SK Et 81.9% » gs (Ashitkov et al., arXiv:nucl-ex/0309001)

17.6% » 1525 NOT compatible with our data

Q. 600
= Intensity of 1525 keV line in E-field free

2* 1525  Setup indicates **Ar activity is significantly
higher than the limit above
Y
0+ Evidence that charge #?K ions drift in electric
ggca field of HPGe detectors.

GERDA/LArGe measurement: 70-90 uBg/kg
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