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OvBB-decay

I violates lepton number <= forbidden in the SM
I only if vhas Majorana mass component or other new AL = 2 operators exist
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T1/2~1019_21 yr
v" No preferred isotope from Nuclear Physics (G*M) 0,003 L

v Target mass and detector efficiency as high as possible

0.002

v' “Zero-background” regime if possible 0.001

v Resolution remains important due to 2vBp and background 0
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GERDA:

location

bare HPGe detectors in LAr
water and LAr — shield against external radiation

Plastic veto
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Lock system
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| Water tank :
| with HP water =z
| and p-veto |

HP liquid Ar (64 m3)
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GERDA Phase | & Phase |l
HPGe detectors enriched in 76Ge (86%)

Phase |

Coaxials: ) ;
¢ from HdM and IGEX {
reprocessed by Canberra ] (=

* total mass ~ 18 kg
* average FWHM 4.8keVat Qs v 8 enriched coaxials

v" 1 natural coaxial ,
v" 5Phase || BEGes

Total exposure:
21.6 kg yr (11.2011 — 05.2013)

Background after PSD:
1072 counts / (keV kg yr)

Limit on the half-life:
§ T9), > 2.110%5 yr (90% CL)

\

m m lI Phase | & Phase Il
L] | Naked Ge detectors in LAr — first time ever
ey _E|{>':|_FADc | Blind analysis — first time in the field

- Phase II I Pulse shape discrimination (PSD)

7 enriched coaxials -

o
[ ]
| =
BEGes: [0 v 3natural coaxials - | || &= B
i v 1 -
(]

* novel Ge detectors 30 BEGes L __

* produced by Canberra | | ( ]
* total mass ~ 20 kg |

| =
* better PSD and FWHM _—
(3.2 keV at Qg in Phase ) ; ] | | T B
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GERDA:
Phase Il upgrade
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- === No background

- = 10"* counts/(kg- keV- y)
| = 10" counts/(kg- keV- y)
| === 10 counts/(kg- keV-y)
| = Claim
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Phase Il:

Add new BEGe detectors (20 kg)
Bl = 0.001 cts / (keV kg yr)
................... .. Sensitivity after 100 kg yr
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Phase I:

Use refurbished HAM & IGEX (18 kg)
Bl = 0.01 cts / (keV kg yr)
............................. . . .Sensitivity after 20 kg yr

e e ] T1)2 > 2.1 x 1025 yr (90% CL)
0 50 100 150 200 (PRL 111 (2013) 122503)

Exposure [kgyears]

()]
I | I

90% prob. lower limit T [10% y]
=i
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GERDA:
Phase Il upgrade

I Background had to be reduced by one order of magnitude vs Phase |
* New in Phase Il

Konstantin Gusev

v’ lock

v holders

v" HV and signal cables

v" more BEGe detectors — PSD more effective!
v" read out of liquid argon light for veto!!!

Signal Background

HPGe HPGe . LAr scintillation
light (128 nm)

SINGLE SITE EVENT (SSE) MULTI SITE EVENT (MSE)
BEGes
Pese o wse o Pulse shape parameter for BEGes is

Signal like ZCharge | | F bed-like (MSE y's)

Y __amplitude of Current pulse
: T " amplitude of Charge pulse
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Phase Il upgrade:
LAr veto

= . 10
K] GERDA preliminary May 2015 3'"F 2574 calibration run
7 o
'[‘_2 10 g.o-: Danu{uinmdcntccul (AC)
g = — AC+PSD
2 06 10
g1 E Il AC+Larveo
detectors: 10 [ | AC+1LA + PSD
. [- 4/C. 1D, 79C. 02B, 35B €7 Lt
10° |
2000 2100
o ‘\\\\}. n:lm'gy [keV]
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GERDA preliminary June 2015 *“*Ra calibration run

anti-coincidence cut (AC)
germanium
detectors

— AC+PSD

- AC + LAr veto

AC + LAr veto + PSD

counts/ 5 keV
=

detectors:
4/C. 1/D. 79C, 02B, 35B

2100
\\§. energy [keV]

&Y

_bottom PMT

2400
energy [keV]

v works well
v’ suppression factors depend on isotope, location and detector configuration
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Phase Il upgrade :
Final integration (Dec 2015)
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Phase Il:

Performance

Phase Il started on December 20, 2015

% All ***Th calibration runs > -
: ;
= ® 2600 2670 2620 2630
C energy [keV]
:; | | | | | | | 1 I 1 | | | | | | 1 1 I 1 1 1 1 I | | 1 1
1000 1500 2000 2500 3000 3500 4000
energy [keV]
Data released: Dec 2015 — May 2016
82 % average duty cycle
Weekly calibration with 22Th
FWHM at 2.6 MeV: ~ 3.2 keV for BEGe, ~ 3.8 keV for coaxial

LAr-veto works also for background data

INPC 2016

GERDA 16-02

3 enriched detectors
& L
Sror
2 anti-coincidence cut (AC)
§ i

60r . AC + LAr veto

50F

i FWHM ~ 3 keV
40—
4DK 42K

1440

1460 1480 1500 1520 1540

energy [keV]

10



Phase Il:

>

Pe rfo r m a n C e 2 , I~ Phasell-10.8 kg yr I nt-coincidence out (AG) + muon veto (MV) E
‘Lr‘) 10 ; l:l AC + MV + liquid argan veto (LAr) é
j2] E Monte Carlo 2vBp (T__=1.92e21 yr) &
c uz
=1
(o]
5]

v’ Total enriched coaxial exposure: 5.0 kg yr
v’ Total enriched BEGe exposure: 5.8 kg yr
v’ Blinding window Qgg * 25 keV
v' K#/K*2 Compton continuum strongly suppressed
by LAr-veto
v" PSD works
400 600 800 1000 1200 1400 16009ner;?ﬁiv]
PSD for coaxial: PSD for BEGe:
OvBB acceptance: (76+7)% (preliminary) OvBB acceptance: (87.3+0.9)%
E’ EnrCoax - 5.0 kg yr - AC + MV + liquid argon veto (LAr) é % EnrBEGe - 5.8 kg yr - AG + MV + liquid argon veto (LAr) E
5 10° [ T 5 10° B e neeso

1000 1100 1200 1300 1400 1500 1600 1700 1800 1000 1100 1200 1300 1400 1500 1600 1700 1800

energy [keV] energy [keV]
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Phase Il:

First results

E’ 1 03 - anti-coincidence cut {AC) + muon veto (MV) 5
3 <
m [=]
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8 :
2 102 8
=
=
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© 10
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S 10 &
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Phase Il:

First results

E‘ 1 03 - anti-coincidence cut {AC) + muon veto (MV) %
o <
(3] ., £
5 10 Enriched BEGe: 5.8 kg yr 8
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8 10
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counts / 2 keV counts / 2 keV

counts / 2 keV

counts / 2 keV counts / 2 keV

counts / 2 keV

Phase Il first results:

Unblinding
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. o 9
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Phase Il first results:

New limit
data set exposure  signal eff background  resolution
[kg-yr] [cts/(keV- kg- yr)] [FWHM]
Phasel  golden 17.9 0.57 (3) 11+2-.1073 4.3 (1)
Phasel  silver 1.3 0.57 (3) 304+10-103 4.3 (1)
Phasel  BEGe 2.4 0.66 (2) 515 -1073 2.7 (2)
Phase | extra 1.9 0.58 (4) 5”:43 1073 4.2 (2)
Phasell  coaxial 5.0 0.51 (7) 357211074 4.0 (2)
Phasell  BEGe 5.8 0.60 (2) 71074 3.0 (2)

v’ Phase | & Phase Il data were used to set the new limit
v’ Phase | resolution improved with new energy reconstruction
v “Phase | extra” has been unblinded together with Phase Il data

v’ Phase Il background goal reached!!!

Konstantin Gusev
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Phase Il first results:
New limit

> ~ > : il ~
210 Phase | - 23.6 kg yr | [JAC+Mmv b £ 10 Phase Il - 10.8 kg yr ’ Qg:m i b
- BRAC MV A PED X - EAC+MV+LAHPSD g
E qk- 8 E il e o .1 - _ 8
8 E N 8 E |
= r i
107 107 /
2070 2020 ~ 2030 2040 2050 2060 2070 2020 2030 2040 2050 2060
energy [keV] energy [keV]
Profile likelihood Bayesian
2-side test stat. flat prior on cts
OVPBB cts best fit value (cts) 0 0
ov ..
Tl/zﬁﬁ lower limit (X 10%°yr) > 5.2 (90% CL) >3.5(90% CL)
0VEE medi itivi 25 0 (90% CL 3.0 (90% CL
T1/2 median sensitivity (X 10°°yr) 4.0 (90% CL) .0 (90% CL)
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GERDA Phase ll:

Status
* Phase Il data taking successfully started in December 2015!
e 7 strings of HPGe detectors deployed: 2 . P’h‘; o
« 37 detectors enriched in 7°Ge (35.8 kg) s - (limit SemngaZia;;.:;fnS' o
e 3 natural detectors (7.6 kg) SN
1.6 foooe © prob.
* all 40 detectors and LAr veto work well 0% ot
g 1.4 e 99%prob:
 first Phase Il data released e
v' Bl for BEGe — 103 counts/(keV kg yr) s
| best Bl ever achieved! £ T
Lgf 0.8 ~Neutrino-201
ovBB | . 3 data releas
* NewT, ;" limit from Phase | & Phase Il data: £ e
0 2!5 0.4
epe e v
v Sensitivity: Ty, > 4 X 10°°yr (90% CL) N
(similar to KamLAND-Zen)

2012 2013 2016 2017 2018 2019 2020

v Limit: Ty}, > 5.2 X 102°yr (90% CL) ime b
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GERDA Phase ll:
Status

GERDA Phase Il is the first background free double beta experiment

Konstantin Gusev INPC 2016 18



Additional slides
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Phase Il:

detector array

2

‘e ; e 7 strings of detectors

¥ * 30 BEGe detectors

e 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:

)

i 1| ///y
: 7 ‘ " [ W Bare BEGe (scaled)
o\ s e . 10 E I \Vith nylon MS
v."‘.“} ; : . %J E \;_ :g‘/l—ggg+PMT cuts
w B gt " - f B 73% PSD + PMT cuts
. . w | &= g 10°
< == =
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"/l ] < i 8 Iy |
%?«’-@!’%E J E' ® LEE - r
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N (\2, ' ; "ﬂ
= 8 |
-~ I\ _— .J v\ ’r
N @ E

1 1 L
! 01 400 1600 1800 2000 2200 2400 2600 2800 3000

sv

energy [keV]
Suppression factor > 1000 for 4?K bkg has been demonstrated

in LArGe test facility (nylon mini-shroud + PSD + LAr veto)

\
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GERDA:

=
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