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Outline

o Neutrinoless double beta decay (0vB[)
» The GERDA experiment
o First data

o Phase II preparations
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Why do we search for OvBB?

Unvell the nature of neutrinos:

or

e !

Majorana
V=V

If OvBP observed:

o Neutrino is a Majorana particle (v=v)

o Lepton number violation AL=2

o Sheds light on absolute neutrino mass scale
© Sheds light on neutrino mass hierarchy
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2vBB and Ov

/

+ allowed by SM

+ AL=0

+ observed in many isotopes
» T ~10"-10%y
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2vBB and Ov

Experimental signature:
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Searching in “°Ge

S~e¢-a \/ Mt
bAE

S: sensitivity

e: efficiency t: measured time

a: abundance of 2vBp isotope  b: background index

M: detector mass AE: detector resolution

Germanium detector

Advantages of Germanium: Disadvantages of Germanium:
< High €: Source = Detector + High external b: Q_=2039keV
< Small instrinsic b: High purity Ge S

| . - 28T PULLY € % Small a of "°Ge: 7.8% -
- Excellent A.E. FWHM ~ (0.1-0.2)% Enrichment needed!
< Well-established technology + Limited sources of crystal &

detector manufacturers
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Previous °Ge experiments

HdM IGEX
Location INGS Homeétake, Baksan,
anfranc
Exposure [kg-y] 71.1 8.9
Bg [counts/keV-kg-y] 0.11 0.17
T, , limit (90% CL) [y] 1.9-10% [1] 1.6-10% [2]

[1] Eur. Phys. J. A12, 147-154 (2001)
[2] Phys. Rev. D 65, 092007 (2002)

Claim of signal from parts of HAM:
T, ("°Ge) = (0.69 — 4.18)-10%y (30) (Phys. Lett. B 586, 198-212 (2004))
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GERDA physics goal

Phase I: @ 18kg (HdM/IGEX) enriched (~86%) + 15kg natural
@ reach background of 10 counts/(keV-kg-y)
@ Exposure of 15 kg'y - check claim
@ <m> < (0.23-0.39) eV (Phys. Rev. C 81 (2010) 028502)
Phase II: @ add ~20kg new enr. detectors
@ reach background of 10” counts/(keV-kg-y)
: 1026
» Exposure of 100kg'y-» T , >1.5-10%y
@ <m> < (0.09-0.15) eV (Phys. Rev. C 81 (2010) 028502)
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Background reduction

9 GERDA situtated in LNGS underground laboratories: suppression of
cosmic ray muons by factor 10° by overlaying rock
o Graded shielding against ambient radiation

o Rigorous material selection

» Avoid exposure above ground for detectors

Phase I

F array

| NN

Ultrapure water (580m?
n moderator, ’
Cherenkov medium for "
u veto N | .
[T O

Steel cryostat with = o

internal copper
shield
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Backgeround reduction

Signal Background
— SSE ~ MSE
Ge O _O / )

g | = © OO A Bad VAURY
Point-like (single-site) energy Multi-site energy deposition
deposition inside one HP-Ge inside HP-Ge dlqde

diode (Range: ~ 1mm) (Compton scattering)

Signal analysis: s \
= anti-coincidence between detectors -

= pulse shape analysis (PSA) 3

000000
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Start of Phase I

6 November 2011: Start of Phase I
All 8 *Ge + 4 "'Ge detectors deployed in GERDA
(2 *™Ge detectors presently not used for analysis)

Energy spectrum
T F
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Sabine Hemmer 27 February 2012

|

| | | | | ‘ | | | | | | | | | | |
0 500 1000 1500

energy (keV)




(Unexpected) Background from Argon

39Ar
»1.01 Bg/kg, T =269y

@ pure [ emitter, Q-value=565keV
- below region of interest

42 AI‘

| Enriched detectors, 3.801 kg x year |

ol | | | | |

100 150 200 250 300 350 400 450 500
energy (keV)

GERDA proposal: “Ar/"*Ar < 3 X 10" (Barabash et al. 2002)
GERDA measurement: Count rate at 1525keV ~ 2 times expectation
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Region of Interest

" Enriched detectors, 3.801 kg x year | " Natural detectors, 1.973 kg x year |
~— i | | blinded ~— i | | blinded
T ROI T ROI
HM Jhﬂﬂnnﬂ manminm. ;%!HMHH(WQHDHHH i g

energy (keV) energy (keV)

Background rate in ROI (Q BBJ_rlOO keV, blinded window excluded):
“rGe: 0.017°%°  counts/(keV-kg-y)

-0.005

natGe: 0.04900 counts/(keV-kg-y)

-0.013

> most likely a combination of Th/U, *K, degraded a, cosmogenic isotopes
> factor ~10 lower than previous experiments (HdM, IGEX)
2 no pulse shape analysis applied yet
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2vBB

I*I [ TTTI

counts/(50 keV)in 3.8 kg xy
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*Ar: 1.01 Bg/kg from WARP
[NIM A574 83-88 (2007)]

-
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— Sum of MC contributions
®+ Data

[NIM A513 596-621 (2003)]
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“K: simulated decays in detector
holders (normalized to peak)
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"Ge: T, (2vBp)=1.74-10"y from HAM

decays in LAr (normalized to peak)
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ADC
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BEGe production

BEGe detector diode
production: Olen, BE

Crystal pulling at Canberra:
Oakridge, TN, USA

[ EnergySpectrum | ';':";:?:SP”;:";
Mean  661.8
RMS 433.3

10*

10°

10° E

10k

1500

BEGe acceptance
tests: Hades, BE
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R&D liguid argon instrumentation

LarGe: Low-background
test facility at LNGS

lock
tor Ge-detector deployment

copper cryostat

inner @ = 90 cm, height = 205 em
LAr volume = 1 m3 (1.4 t)

coated with WLS mirror foil

Detection of coincident
liquid argon scintillation
light to discriminate
background

BMT=
9= 8" ETL 9357
coated with WLS

detector strings
up to 3 strings
(0 Ge-detectors)

Liquid argon

graded shield

15 cm copper

10 cm lead

23 cm steel

20 cm polyethylene

photons

Combining PSD of BEGe detector and LAr veto:
Measured suppression factor for a ***Th source at Qi ~ 0.5-10*

Also other designs investigated —» avoid additional background!
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summary

> GERDA Phase I started in November 2011

» Unexpectedly high contribution from “*Ar decays

» Background in ROI lower than in previous experiments (~ factor 10),
but slightly higher than design goal

> 2vBP spectrum well reproduced by MC (taking into account
contributions from *Ar, **Ar, and *°K)

» Phase II detector production and R&D on LAr scintillation light
readout ongoing

Sabine Hemmer 27 February 2012
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The GERDA collaboration
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Backup:HdM claim

Data acquisition and analysis of the "°Ge double beta
experiment in Gran Sasso 1990-2003

H.V. Klapdor-Kleingrothaus®', A. Dietz, LV. Krivosheina®, O. Chkvorets

1ys. Lett. B 586, 198-212 (2004)
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Fig. 17. The total sum spectrum of all five detectors (in total
10.96 kg enriched in 7®Ge), for the period November 1990 May
2003 (71.7 kg year) in the range 2000 2060 keV and its fit (see
Section 3.2).

Comparison: IGEX

116.75 mole.years - 8.87 kgy in '°Ge
12 T T T

ol Tq2(0v) >1.57x10%° yr (90% CL)
<m > < (0.3-1.1) eV

2038*.5 keV

D. Gonzalez
et al., NPB
(Proc. Suppl.)
2020 2030 Ener2g§'4?k9V) 2050 A0 87 ( 2 000) 278

Counts / 2 keV

8
6
4t
2
0

> Nov 1990 - May 2003

> 71.7 kg year

> Bgd 0.11 counts / (keV-kg-y)
2 28.75 + 6.87 events (bgd:~60)
> 4.20 evidence for Ovf

2 (0.69-4.18)-10*y (3 0)
> Best fit: 1.19-10% y

om = (0.24-0.58) eV
o best fit 0.44 eV

Note: statistical significance

depends on background model!
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Backup: a events

| Enriched detectors, 3.801 kg x year | Natural detectors, 1.973 kg x year |
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Backup: calibration

Sabine Hemmer

27 February 2012
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Backup:Neutrino properties

Neutrino Mixings

Weakly interacting and mass eigenstates are independant basis ' ‘4
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|

m32__ solat'r~~7"><10‘56\/’2__M122
atmospheric =y
~2x10 ey .
atmospheric
P ~2x10%eV?
solar~7x10%ev? ,
0 0
What we do not know:
# Absolute mass scale
@ Mass hierarchy
a Phases (6, a_, a,)
s Nature of the neutrino mass
(Dirac or Majorana)
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Backup:Phase II detectors

s Shockley-Ramo
*  Theorem:

. QO=-q2 (r(v)

0.5

charge [a.u.]

current [a.u. |
[m))]
o
I

0 100 200 300 400 500 600 700 800
time [ns]
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Backup: Background reduction

Key issue: Low background rate (Phase I. 1/10 HdM)

. | M-t
sensitivity ~€-a- bA—E ﬂmlafﬁgﬁggﬁg”mﬂn
Possible backgrounds: 5 ﬂ _
s External: Vou breathe in f 5 Ihe odyou eat
. radicactee atoms, s cailains ol
<+ y from Th and U chain and sbout 30,000 | { " atams. About
. decay in viir Rings 15 million potassium
< neutrons from spallation each hour. Z sms deeay ety
< U from cosmic rays |
s Internal:
: ~ 60 _
-+ cosmogenic ~Co (T, =5.3y)
— COsmOgeIliC 68Ge (T :271d) HH[UFHI-Hdl-ﬂl_:l.E[Ml':.'-irI-“IE earth and in
1/2 building materials sends oger 200 millicn
<+ Radioactive surface MAps et e i el
contamination
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Backup: Play with the electric field

Add a mini-shroud (MS):

140
E’ 120F- i
S before MS (0.59
kgy
8 8o
snf—
403—
oF after MS (0.87
a KEY) oo
00 1450 1500 1550 1600 1650
Energy (keV)
70 cm
< > 40
MS— E’ 1200
~ - _ .
- " V. =+700V (0.19 kg-y)
3 w0
sof—
- + + - 403—
+ - - /1 + C — )
Shroud (alveary . v, =-400V (.37 kgy)
installed to pre\{ent 1300 1450 1500 1550 1600 LAl 1650
222Rn concentration) Energy (keV)
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Backup: Muon induced events

Spectrum of muon-induced events in Germanium (2.09 kg-y
during commissioning):
Sum of spectra, E>100keV

e —— data
=
E: — MC
c 10
8 r
= N
o]
F # ||
E L % _
: y w |
&
1:— ] Hlipm
: * WW
10.1 | 1 | | | | 1 | | | 1 1 1 | | 1 |
500 1000 1500 2000 2500
energy (keV)

Estimate of muon veto efficiency for events causing a signal in Ge:
€ =98.7%
Estimate of muon-induced background at QBB: Bu <2.0-10“ counts/keV-kg'y
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Backup: R&D liquid argon

1nstrumentatlon

without veto mmmmm

i | with LAr veto |
W with PSD cut — S
[ with veto & PSD ——+ |

106 .

counts |#]

e
L W il T i L

0 500 1000 1500 2000 2500 3000

energy [keV]
Operation of Phase II proto-type detector in LarGe:

Combining PSD of BEGe detector and LAr veto:
Measured suppression factor for a **Th source at Qi ~ 0.5-10*

Also: successful read out scintillation light with fibers coupled to SiPMs
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