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Double Beta Decay

4 Double beta decay (2v(3[3)
Q . .
=Zn * single B decay energetically forbidden
B;m(;a- e (AZ) — (A,Z+2) + 2e + 2V

e e.g. °Ge, 3°Xe, 1*Te, 11°Cd
_ * half-life of 2v(33 decay of "°*Ge measured by
..................... °Ge 8- GERDA (most recent and precise measurement):

Qy= 2039 keV ™\ .
e T2 = (1.926 = 0.095) X 10%yr

30 31 32 33 34 Z arXiv:1501.02345v1

Neutrinoless double beta decay (0Ov[3(3)

. (AZ) » (AZ+2) + 2e " P
 lepton number violated by AL = 2 -©

-~ physics beyond SM s
« proof of Majorana mass component of n 2 p

neutrinos
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Effective Majorana Neutrino Mass

n : 3
i .y l
vV t 90% CL (1 dof)
[ disfavored by Ovfp

e 1. GERDAPhase I limit__ ... y

W 1 ) -
n ' : p 107" GERDA Phase llgoal . .
o |
Assuming light Majorana neutrino exchange oy

Ov\—1 2 w , )
(T1/2) OC‘rnee EQ, 107 ¢ % :
b S S
C
observable S
: : 1073 § B
. effective Majorana mass: : . 3
— 2 | 'g :
|mee|_‘zi U""mi‘ Nucl Phys 03) 359 s
104 b PPN S
107 10~ 102 107 1

Access to lightest neutrino mass in eV

* absolute neutrino mass scale

* mass hierarchy
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Signature & Experimental Challenges

 Measure sum energy of electrons

'd ™

0003 - 2VRP

0.002

If Ov(3 allowed, signal rate orders of

magnitude smaller than rate of 2v(33 decay

Qg = 2039 ke
T « half-life of 2v(33 decay of °Ge measured by

GERDA:
S — v T:,=(1.926 = 0.095) X 10*yr

L i, arXiv:1501.02345v1

0.001

Need to achieve
.+ high detection efficiency
-« very low background in ROI :

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
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Germanium Detectors

60-80 mm

« Measure sum energy of electrons !

4 ™ ] " o
et i [ Sy
0003 - 2VRP :
— )
= 2039 keV - O
0002 - £ QBB E :
.I:. : Elbi-‘
S
0.00] S
0
0 500 1000 1500 2000
= B
I i : p* electrode +
High Purity Germanium (HPGe) Detectors (read-oun) \ nelectrode

« excellent energy resolution (0.1% FWHM)

 low intrinsic background

25-50 mm .

 high detection efficiency of 3[3: source = detector

 HPGe detectors isotopically enriched in °Ge (~87%) | 65-80 mm

« discrimination of signal- from background like events using pulse shape analysis
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GERDA @ LNGS

cosmic muon flux

reduced by a factor
~10° - 1 p/m?/h
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The Germanium Detector Array

clean room

with lock

590m? pure water
muon veto &
neutron absorber

64m? liquid argon (LAr)
coolant & shielding

GERDA Phase | (Nov 2011- May 2013)

4 strings with HPGe detectors:
- 5 HDM experiment
- 3 IGEX experiment
- 5 new BEGe detectors
GERDA Phase Il (Dec 2015 -)
e 7 strings with HPGE detectors:
- 30 enriched BEGe detectors
- 7 + 3 semi-coaxial detectors
e LAr instrumentation

Victoria Wagner (MPIK)

GERDA Phase II: First Results

idea by

(s T
.‘m...-ﬁ - ..-J
i i

G. Heusser

|

I |

Eur. Phys. J. C (2013)73:2330
[arXiv:1212.4067]
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GERDA Phase | Background

more details in EPJ C74 (2014) 2764

GERDA Phase | reached an
unprecedented signal-to-background ratio:
+ 3:1in 570-2039 keV

« 4:1in 600-1800 keV

S0 O\89, o enriched coaxials, 16.70 kg x yr T
s B\ AP : 3 3 =%
@ '] S [To) — X
510° = oy T 18 & i3
: o | & 3
102 E g % g 210P0 —1
i 2260
10 = 222y 107"
i J 218
' E R kol oot o MIW = 10°
10°
3 > > enriched BEGes, 1.80 kg x yr =
0 X X E
E103 § ,_,UN: 10%%
g - 7 3
g 2vBp T <
102 ;.f z 108
10 —=
‘ 1| I 11 TONTT O IO RO o Lk
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Results from GERDA Phase |

21.6 kg - y exposure

_ - _ _ , number of events in
 blind analysis: events in ROI not available for analysis Q,s£20, after cuts (gray):
- SR * 2.0 £ 0.3 expected
« background index (BI) after pulse shape discrimination
J (B]) P P from background
_, counts * 3 observed
BI=1.0(1)-10"
(1) keV kg yr
« 10 times better Bl than previous experiments no signal observed at Q,,
Q,, = 2039 keV profile likelihood: best fit
- _ _ GEADA 13-06] —
K S peorepsn | | 107 Novy =0
g r W after PSD ~ limit on the half-life
S T% 2.1.10%
- 127 <L yr
1— — — = (90% C.L.)
ol e LLEL LB L L — claim rejected with
99% probability

GERDA: 90% lower limit (T1°/V2) [Phys. Rev. Lett. 111 (2013) 122503]
" Claim: T1°; =1.19%10% yr [Phys. Lett. B 586 198(2004)]
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GERDA Phase |l Goal

@
o

- === NO background
| — 107 counts /(kg-y-keV)
| —— 103 counts /(kg-y-keV)
[ = 1072 counts I(kg-y-keV),
[ — claim

e zero background regime

N
A

T ,cM-t

S
g
o
—

N
= 20}

€ |
= 15 -.1'F4.'1.°fs- ) « background, i.e. statistical fluctuation
S |’ limited scenario
O 1o}
g | M-t

- 0

g_ 51 TUVZOC
© I AEBI
PN ol —
@ 0 50 100 150 200 M-t: exposure [kg yr], AE: energy resolution,

Exposure [kg-years] Bl: background index [counts/(keV kg yr)]

Phase Il Goal: T(l)/v2 in range of 1026 yr

* increase of exposure — increase detector mass

* improvements in energy resolution (but limited to given technology)

« significant reduction of background to re-enter background free regime
— Bl of 10 counts/(keV kg yr)
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GERDA Phase Il Array

« 7 enriched (= 15.8 kg) and 3 natural (= 7.6 kQ)
semi-coaxial HPGe detectors

« 30 enriched BEGe detectors (= 20.0 kg) with
- better energy resolution
- enhanced pulse shape discrimination

new low mass holders
with reduced mass
and Cu - Si

low radioactivity
electronics

material screening:
J. Schreiner, et al.
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Discriminating Signal from Background Events

60-80 mm

BP event

* local energy deposition (SSE)

In single detector

[eTXRO))

70-110 mm

background event
* energy deposition in multiple

locations (MSE) in single detector

— pulse shape analysis

o) 9195111‘ ode n* electrode
(read-out) 3-4 kV

e coincident energy deposition in
more than one detector

— detector anti-coincindence

25-50 mm .

 additional energy deposition in LAr 3

65-80 mm
— LAFr veto

Victoria Wagner (MPIK) GERDA Phase II: First Results MPIK, 29.06.2016 1LS;



LAr Instrumentation

— Hybrid Design

16 photomultiplier tubes (PMTs)

concept successfully
tested in LArGe

-
-
-

-
-

810 scintillating fibers
coupled to SIPMs

reflector foll

Cu cylinder with wavelength shifting

- 100cm

Victoria Wagner (MPIK)

GERDA Phase II: First Results

PMT part designed,
built and tested by

A. Wegmann, M. Heisel,
K-T Knopfle

MPIK, 29.06.2016 14



“2K Background

- 12.360 h
2p, W =
B K
SNCT

~— —

(charged) #°K driftin & —
field of Ge detectors 2I:,C::'n

 tested in LArGe

« solution: transparent nylon cylinder
coated with
wave length
shifter

designed,

built and tested by
A. Lubashevskiy,
A. Smolnikov, et. al

Victoria Wagner (MPIK) GERDA Phase II: First Results
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GERDA Phase || Commissioning

April '15: Pilot String

* integration of full string with 8 BEGe

« test new components, e.g. BEGe's,
read-out electronics, contacting, etc

e commissioning of LAr veto

V. Wagner,

Victoria Wagner (MPIK) GERDA Phase II: First Results MPIK, 29.06.2016



228Th Suppression

> E C - 10° ]
2 — GERDA preliminary May 2015 73 - 2811 calibration run
7L o L
L!: 10 — £10° M.'JFLF— anti-coincidence cut (AC)
s:: — L] - —
5 i 0 AC +PSD
S 10 — - bp - AC + LAr veto
— detectors: 10 &
<[~ 4/C, 1D, 79C, 02B, 35B : AL + LArveto + F3D
107 e~ !
2000 | 2100
energy [keV]
10* &

i
|||||||||||||||||||||||||||||||||1IL|1n

600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600
energy [keV]
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228Th Suppression

DEP events of the 2%T] 2.6 MeV line . .
= signal-like events FEP events of the 21?Bi 1.6 MeV line
= background events

208T, (DEP)

N

anti-coincidence cut (AC)

counts/ 1 keV

AC + LAr veto + PSD

1570 1605 1640
energy [keV]

In case of discovery PSD will show if y or Ovff line

Victoria Wagner (MPIK)
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Start of GERDA Phase ||

Integration of Phase Il Array

in December 2015

30 enr BEGe's

* 9 semi-coaxial HP*"Ge
« 3 semi-coaxial HP"™Ge

Victoria Wagner (MPIK) GERDA Phase II: First Results MPIK, 29.06.2016



The Phase Il Array

Integration of Phase Il Array

in December 2015

30 enr BEGe's

* 9 semi-coaxial HP*"Ge
« 3 semi-coaxial HP"™Ge

First data release in June 2016
* blinded region: 2014 — 2064 keV

e (quality cuts (e > 99.9%)

 events in coincidence with muon
veto (€ ~ 99.9 %)

» detector-detector coincidence

Victoria Wagner (MPIK) GERDA Phase II: First Results MPIK, 29.06.2016 20



Energy Resolution

£ 240 . £ E ]
8 omE physics data BEGe = physics data coax
200— 160 —
1% §_ 140 —
160 — &
140 F— 120 —
120~ 100 — [
100 - 80—
80— =
- 60—
60— [
= 40—
v FWHM =2.66 +0.08 & FWHM = 3.81+ 0.12
20 =, ‘ 20—
T S R Rt - e it 1. Nelosbuieipondtiteigoiinsitigel. o Neppisgrmstcasens
energy [keV] 1440 48 - [ke1\l]560

BEGe Coax
FWHM at keV keV
QBB= 2039 keV 3.0+0.2 0.15 % 40+0.2 0.20 %

0K/ 4K lines 2.7+0.1 0.13 % 3.8+0.1 0.19 %
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Background Composition at O

Monte Carlo Simulation of BEGe Background

;,102 = IIPIIIII7
= . 4/ data Prag:
i [binded — model b Climing,
& 777 alphas
G0 . — Bi214 Pb214 €for, e PSg reSU/tS
- ;/A:/Aj/ij? K42 LAr & L A
N - — Bi212 TI208 r Vet
— N 7 L |
107" B P, '
= s expect flat background in ROI
e et ST
Aea A
102 = 7
- 700 oy
—3_I | [ | 11 1 1 | Ié/;//j%% 1 1 1 | 1 [ 1 | 1 1 (| | | L1 1
101900 1950 2000 2050 2100 2150 2200 2250
Energy (keV)
“"BEGe emCoax
o ~ 1/3 ~ 1/3
_ _ 214Bi and 2%8T] ~ 1/3 ~1/3
integration of Phase Il 2K LA 13 13
geometry into MaGe by '
J. Hakenmueller Bl counts/(keV kg yr) 0.014 0.015
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LAr Veto

814550
<

14500

 events in coincidence with LAr veto

14450

PMT trace

e fraction of random coincidences 2.3%

14300

14250

14200

E%é

| L L L | L L L | L L L | L L L |
80000 82000 84000 86000 88000
S t[ns]

56000
<

Ge trace

46000

44000

42000

T ‘\\I ‘I\\ ‘\[\ [\I\ ‘I\I ‘\I\ [\\ ‘

. L ’ | |
20 40 60 80 100 120 140 1

24400

24300

24200

24100

_ SiPM trace
analysis of PMT traces

.
.
byA- Wegmann “‘5&)‘ - IGJOI - ‘7J0l - ‘8!0‘ - lQB‘ — I1(‘)0l — I11|0l - ‘1;0)<103
S
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LAr Veto

events in coincidence with LAr veto

AC - AC + LAr veto

* fraction of random coincidences 2.3%

2K (B)
« 40K FEP at 1460 keV fully accepted

« 42K FEP at 1525 keV suppressed by 300

factor ~5 250

K (EC)

200

150

100

50

01440 1460 1480 1500 1520 1540 1560

analysis of PMT traces energy [keV]

by A. Wegmann
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LAr Veto

« events in coincidence with LAr veto EE(_se
= 10 - evinROI
. . . f ]03; - .ul'u:rLAr vero
« fraction of random coincidences 2.3%
« 40K FEP at 1460 keV fully accepted
« 4K FEP at 1525 keV suppressed by . ey e
% - evin ROl
faCtor ~5 E I()2 .ul'u:rLAr vero
e survival fraction in 1839-2239 keV: 10
2vPP:bck = 97:3
N 1/3 BEGe 600 800 1000 1800 2000
energy [keV]
- 1/2 COaX fé |;€— - evinROI
ij ;: . after LAr veto
analysis of PMT traces ﬁf ‘ N
by A. Wegmann oo T 18S0 1900 1950 2000 2050 2100 2150 2200 'er'ler'zgzysfie;!]
Victoria Wagner (MPIK) GERDA Phase II: First Results MPIK, 29.06.2016
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A/E Analysis for BEGe's

_ — Charge
crﬂ:_AIE =3 U "—Current |
02: ..................................

A/E analysis
by V. Wagner

Already successfully used in GERDA Phase |I:
> 80% of background events rejected at Qg

whereas signal efficiency = 92+2 %

. ‘STH00 - E40 1600 B0 BA00
all channels bek after AC o LAr vetoed blinded region
— 2= :
= = o region
IE l S . . o
R WY = R :
E 2 : “d’ : o ¢ . ®
(] ﬂn ¢ ;
¢ =] o Ra
un. g o
MSE/surface region
{] 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1
1000 1500 2000 2500 3000 3500 4000 4500 5000

Victoria Wagner (MPIK)

GERDA Phase II: First Results

energy [keV]
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A/E Analysis for BEGe's AVE analysis

by V. Wagner

 —Charge | Already successfully used in GERDA Phase I:
— Current > 80% of background events rejected at Qg
whereas signal efficiency = 92+2 %

. ‘STH00 - E40 1600 B0 BA00
all channels bek after AC o LAr vetoed blinded region
o region

A .

* cut . >

o @ ’: i} ‘?

°? . cut
MSE/surface region |
{] 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1

1000 1500 2000 2500 3000 3500 4000 4500 5000
energy [keV]
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BEGe PSD

 DEP events used as proxy for Ov33
» signal efficiency: 87.3 £ 0.9 %

« 2V[p acceptance: 85.4 +19 ,, %

after AC + LAr Veto . after AC + LAr Veto + AoE Cut . blinded region

counts/ 20 keV

| | HHHHHH .

500 1000 1500 2000 2500 3000 3500 4000 4500 5000
energy [keV]

bt
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BEGe PSD

DEP events used as proxy for Ovp

signal efficiency: 87.3 £ 0.9 %

2vBp acceptance: 85.4 +19 ;. %

80 % of background in ROI rejected

|:| before PSD
. after PSD

|:| blinded region

counts/ (2 keV)

o
IIII|IIII|IIII‘\II\‘\

._.
]
]
]
]

] il i 1|V 1)1 I R Y T Ll [ 1
0 1850 1900 1950 2000 2050 2100 2150 2200

energy [keV]
Victoria Wagner (MPIK) GERDA Phase II: First Results
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Coax PSD

* TMIpAnn Algorithm:

50 input variables with 1 —
t(A=0.01), t(A=0.03), ..., t(A=0.99) "&I”‘“ I
ﬂ: o
0.8~ =l
= 0.6/
% A, I : —— single site
%D i I — multi site
S 0.4 |
|
|

tssp(Ay)

T 7 =
| E
OI L I|III||IIIIEIIIIIIIII|IIII|IIIIIII

-300 -200 -100 0 100 200 300 400

o
\®]

Time [ns]
A/E analysis
by A. Kirsch
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Coax PSD

 TMIpAnn Algorithm:

50 input variables with
t(A=0.01), t(A=0.03), ..., t(A=0.99) LoF
« MSE/ SSE discrimination:

=
- SSE sample: DEP of 208T| peak at =,
1593 keV §
) Qo
- MSE sample: FEP of 212Bj at 1621 20.5

keV o7

% ooff

< O

SR T e
1000 1500 2000 2500 3000
Energy [MeV]

_.;,;.

500
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Coax PSD

 TMIpAnn Algorithm:

50 input variables with
t(A=0.01), t(A=0.03), ..., t(A=0.99) 1.5 -4 SO
« MSE/ SSE discrimination: np Pl

— cut set to 90 % acceptance of DEP
events

P
S

- preliminary signal efficiency
80+9 %

ANN Resg)onse [a.u.]

o

LT

i, .?""rf..' ¢ [ . :. .
e l__

; B R T Ly
500 1000 1500 2000 2500 3000
Energy [MeV]
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Coax PSD

« TMIpAnn Algorithm;

50 input variables with

t(A=0.01), t(A=0.03), ..., t(A=0.99)
« MSE/ SSE discrimination:

- cut set to 90 % acceptance of DEP
events

- preliminary signal efficiency
80+9%

e o/ SSE discrimination :

ANN Response [a.u.]

- SSE sample: phy events in 1.-1.3
MeV

- o sample: phy events 3.5 - 5.5 MeV 0.5 e G - :
1000 2000 3000 4000 5000 )0

Energy [keV]
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Coax PSD

« TMIpAnn Algorithm;

50 input variables with 1.5
t(A=0.01), t(A=0.03), ..., t(A=0.99)
« MSE/ SSE discrimination: - ]
.':3
- cut set to 90 % acceptance of DEP S T
events 2
g
- preliminary signal efficiency 2 0.5
80 +9 % &
o/ SSE discrimination : %
< Off
— cut setto 10 % acceptance o
events
- signal efficiency 96 + 1 % L s |
1000 2000 3000 4000 5000 )0

Energy [keV]
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Coax PSD

 TMIpAnn Algorithm:
50 input variables with

t(A=0.01), t(A=0.02), ..., t{(A=0.99)

z L
& || before PSD
« MSE/ SSE discrimination: P B s psD
G - |:| blinded region
- cut set to 90 % acceptance of DEP -
events 2
- preliminary signal efficiency -
80+9% -
 «/ SSE discrimination : HIN
- cut setto 10 % acceptance o events |
- signal efficiency 96 = 1 % R 0 s e a0 me

energy [keV]

 total signal efficiency 76 + 10 %

* 65 % of background in ROI rejected

Victoria Wagner (MPIK) GERDA Phase II: First Results MPIK, 29.06.2016 85



Summary of Data Sets

Background index

data set ex[ﬁgs;r;e € a €0sp Eng(reg\)//’ r:\?\;)lllul\t/:? " 0.001 cr;trs)/(kev kg
Phase | gold 17.9 1 0.83 4.3+0.2 112
Phase | silver 1.3 1 0.83 4.3 *0.2 30+10
Phase | BEGe 2.4 1 0.92 2.7*0.2 S

: « PSD efficiency reduced from 90% to 83% and found bug in ROOFIT
i * new energy reconstruction to improve energy resolution from :
4.8 (3.2) keV to 4.3 (2.7) keV for coax (BEGe)

Victoria Wagner (MPIK) GERDA Phase II: First Results MPIK, 29.06.2016 36



Summary of Data Sets

Background index

data set ex[ﬁgs;r;e € a €0sp Eng(reg\)//’ r:\?\;)lllul\t/:? " 0.001 cr;trs)/(kev kg
Phase | gold 17.9 1 0.83 4.3+0.2 112
Phase | silver 1.3 1 0.83 4.3+0.2 30 + 10
Phase | BEGe 2.4 1 0.92 2.7+0.2 o™,
Phase | extra 1.9 1 0.83 4.2 +0.2 4.6*3

: Runs 47 + 49 from Phase I: :
: « unpublished, blinded :
i » May 31% — Sept 30" 2013

Victoria Wagner (MPIK) GERDA Phase II: First Results MPIK, 29.06.2016 87



Summary of Data Sets

Background index

data set ex[Egs;r;e € A €oep En(?(reg\)//’ r:\?\;)lllul\%) " 0.001 cr;tsl(kev kg
Phase | gold 17.9 1 0.83 43+£0.2 112
Phase | silver 1.3 1 0.83 4.3%0.2 30+ 10
Phase | BEGe 2.4 1 0.92 2.7+0.2 S
Phase | extra 1.9 1 0.83 4.2 +0.2 4.6°
Phase Il coax 5.0 0.98 0.76 4.0 + 0.2
Phase || BEGe 5.8 0.98 0.87 3.0+£0.2

Phase |l Coax: .
« PSD efficiency still prehmmary

Victoria Wagner (MPIK) GERDA Phase II: First Results MPIK, 29.06.2016 38



Unblinding at Ringberg Castle

GERDA Collaboration Meeting
at Ringberg castle 17" June 2016:
opening 50 keV blinded window around Q,,

iTerm2 Shell Edit View Profiles Toolbelt Window Help

Load PhaseIl data

Time stomp of first event: UTC Fri Dec 25 00:45:09 2015
Time stomp of lost event: UTC Wed Jun 1 07:43:10 2016
Non-Blinded data: 990316 events

Blinded data: 989979 events

-> 337 events were blinded.

e EnrCoax Runs47-49

337
10

surviy n-.a eIl data - 990300 of 990316
mestomp: Wed Jun 1 07:40:22 2016

Phasel

Creating output
Timest o tventList *) @xSFedofd
“t |
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BEGe: Unblinded Spectrum

% 3 BEGe, 5.826 kg yr
~ E [ before PSD + LAr
‘; — B after LAr
s C : B after LAr + PSD
§ N - background region i
s total # counts in e
background region
after LAr 7
0 1 1 | 1 | | | 1 ‘l‘.\ 1 1 | | | 1 - | 1 | 1 | 1 | 1 1 a‘fter PSD 5
1850 1900 1950 _.-2000 2050 2100 2150 2200
“““““““““““““““ energy [keVJ a.fter LAr + PSD 1
| - - —
£ -
z b 1 after PSD + LAr veto
s 4
5 L o +11 4 ~_3 counts
: & BI=0.7""1.10
- N ‘ keV-kg-yr
- o
u \ | after PSD + LAr
o o e B no events left at Q,
2015 2020 2025 2030 2035 2040 2045 2050 2055 2060

energy [keV]
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Coax: Unblinded Spectrum

% 3 Coax, 5.019 kg yr
~ F [ ] before PSD + LAr
";j . Bl after LAr
= C - B after LAr + PSD
§ 2 - background region i
- total # counts in .
! background region
after LAr 13
| | | | | after MSE cut 14
07850~ 1900 1950 _.-2000 2050 2100 2150 2200 —— 14
"""""""""""""""" energy [keV]
“““““““““““““““““““““ after LAr + PSD 4
3 1T
Sl > after PSD + LAr veto
g X
3 L o 2.1 _3 counts
= © BI=3.5"21.10
: N ' keV -kg- yr
B I
- o
- \J after PSD + LAr
oL |

L1 | | I ‘ 111 | | | | | I 111 | | 11 | L1 11 ‘ 111 1 n O eve n tS I eft at Q
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First Phase Il Results

sensitivit oter
data set 107 yr]y @ 90% C.L.
[10° yr]
Phase | (PRL) 2.2 2.18
Phase | (PRL) + new E 2.3 2.79
Phase | (PRL) + Run 47/49 + new E 2.5

: Phase |-
E « PSD efficiency reduced from 90% to 83% and found bug in ROOFIT

: » new energy reconstruction to improve energy resolution

: - events shift within ¢
i « Run 47/49 unpublished Phase | data set
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First Phase Il Results

sensitivit oter
data set 107 yr]y @ 90% C.L.
[10° yr]
Phase | (PRL) 2.2 2.18
Phase | (PRL) + new E 2.3 2.79
Phase | (PRL) + Run 47/49 + new E 2.5
Phase Il 2.2

i Phase Il Coax: .
« PSD efficiency still preliminary
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Spectrum at QBB

E 3 > BEGe, 5.826 kg yr
~ F Q2 []before PSD + LAr
5 B o Il after LAr
s C ™M [ after LAr + PSD
S C o
o 2 - -
O Z[C AN
C I
- =)
— (c=X
- @
1
0 1 1 1 1 1 1 | 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1

L
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2050 2100 2150 2200
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counts/ (2 keV)

b
IIII|IIII|I\II|IIII‘I

1
0 ‘I“ I |

¢

Coax, 5.019 kg yr

[ |before PSD + LAr
Il after LAr

I after LAr + PSD

Q,, = 2039 ke\f

1 | !
1850 1900 1950

| L
2000

2050 2100 2150 2200

energy [keV]

GERDA 13-06|

> 3
¢ - ROI:Q_=*5keV L
2| ROEQ: Ebefore PSD
€ (blinded window) after PSD
8

1 _ _

05025 2030 2035 5040 2045 2050 2055 2060

L background interpolation- - - v

2039 keV
e
Q

BB
2190 keV
2204 keV

214Bi

1900 1950 2000 2050 2100 2150 2200
energy [keV]

« 7 parameters: 6 Bl + common 1/T,,

» flat background + Gaussian in 1930-2190
keV range with mean at Qg and standard

deviation o,

e Dbest for for N,,=0

Lt M-t: exposure,
T(1)/V2°C M [-€ N°: observed signal strength,

NOV €. detection efficiency
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First Phase Il Results

lower limit

data set S[el%sz's“"ﬁy @ 90% C.L.
y [1025 yr]
Phase | (PRL) 2.2 2.18
Phase | (PRL) + new E 2.3 2.79
Phase | (PRL) + Run 47/49 + new E 2.5
Phase Il 2.2
Phase Il + 3.1 35 (90%
Phase | (PRL) + Run 47/49 + new E ' "~ credibility)
. preliminary PSD efficiency ' Phase Il results: Bayesian fit with |

: flat prior on 1/T between 0 and 102* 1/yr
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First Phase Il Results

sensitivit oter
data set 107 yr]y @ 90% C.L.
[10° yr]
Phase | (PRL) 2.2 2.18
Phase | (PRL) + new E 2.3 2.79
Phase | (PRL) + Run 47/49 + new E 2.5
' preliminary PSD efficiency i~ Phase Il 2.2
Phase Il + 4.0 5.3

Phase | (PRL) + Run 47/49 + new E

Phase Il results: .
: profile likelihood fit for 2-sided test (optimized for signal search). :
+ 1-sided analysis is in preparation. '
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Summary

GERDA Phase Il started successfully in
December 2015

all Ge detectors and LAr channels working

38 out of 40 Ge detectors used for analysis

reached goal of background level of

0.001 counts/(keV kg yr)

lowest background in ROI of all competing experiments

median sensitivity lower limit T,
(10% yr) (10% yr)
Bayesian 3.1 3.5 (90% credibility)
Frequentist 4.0 5.3(90% C.L.)
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