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OUTLINE
 Why is OvBp decay so interesting?
 What determines the needed sensitivity to Ovpp decay?
* (Dis)Advantages of germanium and xenon
« HPGe experiments: HdM, IGEX, GERDA, Majorana
* Xenon experiments EXO and KAMLAND ZEN

— Enriched
. denon

./ Observatory

Many thanks to:

John Wilkerson, Mike Marino and Jason Detweiler
for making available figures for Majorana, EX0200 and KAMLAND ZEN
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Why is Ovpp decay so interesting?

Ovpp-decay:
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Neutrinoless mode of double * Neutrino has Majorana character

beta-decay only possible if:  Helicity flip can occur in the vertex

Effective Majorana neutrino mass contributes to Ovpp-decay rate:
1/1 = G(Q3%,Z) M

Ovpp decay- Phase space- Matrix  Effective Majorana
rate factor  element Neutrino mass
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Observation of
Ovpp decay:

e Lepton number violation!

* Neutrino must have
Majorana nature!

 Determination of absolute
mass scale?

e Mass hierarchy of
Neutrinos?

m  Information on CP

violating phases?

CP violating Majorana phases
could be responsible for
Baryogenesis via Leptogenesis

Neutrinoless Double Beta Experiments: Majorana/GERDA and the Xenon challenge

Why is Ovpp decay so interesting?

If — and only if - Ovpp decay
mostly induced by light
Majorana neutrino exchange
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vity to future Ovpp decay experiments?

my~20 meV 2> “T,, ~510*7 yr

3500 kg yr exposure with BI = 10~ cts/(k
or

7500 kg yr exposure with BI =

Neutrinoless Double Beta Experiments: Majorana/GERDA and the
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The needed sensitivity to Ovp decay?

Figure of merit for half-life sensitivity:
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Mnucl Nuclear matrix element Chose isotope
b Background rate of experiment Minimize and select materials
a Abundance of isotope Use element with high natural
abundance or enrich

M Active detector mass Increase target mass

€ Detection efficiency (<1.0) Source =! Detector
oE | Energy resolution Use high resolution spectrometer
t Measuring time (< 20yr) Be patient
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(Dis)Advantages of germanium

Very good energy resolution Reduction of bkg in Rol: 2vf3j3-
decay negligible, rest prop. Rol
width (FWHM)
Source = Detector High signal detection efficiency
(95%)
Very high purity of detector Very low intrinsic background

material (zone refinement)

Segmentation and pulse shape Build “intelligent detectors”
extraction for event topologies

Considerable experience Well known and reliable,
improvements possible

Q-value not too high (phase space, Reduce background
background)
Natural abundance of °Ge 7,8% Enrichment necessary

Neutrinoless Double Beta Experiments: Majorana/GERDA and the Xenon challenge
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(Dis)Advantages of xenon

Source = Detector High signal detection efficiency

Very high purity of detector source | Very low intrinsic background
(fractional distillation)

Scintillation & detection of ions “intelligent detectors” possible

No dangerous cosmogenic isotopes | LLow cosmogenic contribution to

background
“Easy” to scale V~13 Build ton scale
Q value at 2.46 MeV
Above Comp. cont. of 2.6 MeV
Limited energy resolution Reduce background

Intrinsic limit on Ovpp decay

Natural abundance of 36Xe 8,9% Enrichment necessary
$$ 136Xe ~ 1/5 $3$ °Ge

Neutrinoless Double Beta Experiments: Majorana/GERDA and the Xenon challenge
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HPGe detectors for the search of Ovpp-decay

Most sensitive experiments so far :

Heidelberg-Moscow Experiment: IGEX Experiment:
11.5 kg HP7® Ge Detectors 1990-2003 6.8 kg HP7¢ Ge Detectors 1991-2000
71.7 kg yr = 810 mol yr 8.9 kg yr = 101 mol yr
0.16 Counts/(kg keV y) @ 2040 keV 0.17 Counts/(kg keV y) @ 2040 keV
-> T,,>1.9 * 1025 years K-K et al. Eur. Phys. J.A 9T1 »>1.6 * 1023 years Aalseth et al.,
(90% C.L.) ~ mewowr (90% C.L.) 200093007

Part of HdMo-collaboration; ¢ 2l Phys
Lett B 586(2004)198

Evidence: T,,= 1.2 * 10 years

Neutrinoless Double Beta Experiments: Majorana/GERDA and the Xenon challenge
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The Majorana experiment

Operate HPGe detectors in ultra pure vacuum cryostat

Three Steps Est. commissioning
start dates

— Prototype Cryostat® (2 strings, natGe) (Summer 2013)
— Cryostat 1 (3 strings enrGe & 4 strings natGe) (Early 2014)
— Cryostat 2 (7 strings enrGe) (Late 2014)

* Same design as Cryos 1 & 2, fabricated using OFHC Cu (non e-formed) components.

Neutrinoless Double Beta Experiments: Majorana/GERDA and the Xenon challenge
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The Majorana experiment

Located underground at 4850° Sanford Underground Research Facility

May 2012

Main MJD lab at 4850L Davis Campus, beneficial occupancy
in May 2012.

Operating Temporary Cleanroom Facilitg (TCR) at 4850L
Ross Campus since Spring 2011

Dec. 2012

Neutrinoless Double Beta Experiments: Majorana/GERDA and the Xenon challenge
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he Majorana experiment

forming lab underground at Homestake mine

Electroformed Cu - over half of the
electroformed copper is available:
cryostat 1 material complete

Fabrication nearly complete,
cleaning/etching going smoothly...

Neutrinoless Double Beta Experiments: Majorana/GERDA and the Xen
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e Majorana experiment
nting of prototype cryostat and test string

prototype cryostat

Neutrinoless Double Beta Experiments: Majorana/GERDA and the X
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The Majorana experiment
Enriched detectors status

ssia (42.5kg) ~ 87% "6Ge

uction & Purification:
lectrochem Sys Inc.

Detector supplier:

Ametek/ ORTEC

9 kg of ‘""BEGe detectors underground!
High yield expected: 65%-70%

April 4th: need somebody to get detectors runni
Neutrinoless Double Beta Experiments: Majorana/GERDA and the Xenon chall
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The Majorana experiment
Screening and background prediction

Copper purity is
key to success

- Cabling issue needs to

be under control

<= Good shielding

during production is

essential

Depth of lab just

about ok for MJD

2.9 counts/Rol/t/y 7.25-104 cts/(kg - yr - keV)

Neutrinoless Double Beta Experiments: Majorana/GERDA and the Xenon challenge
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: Design and existing infrastructure

Location: Hall A of LNGS,
Assergi, Italy
3500 mwe

Phase I: Use HdM and
IGEX detectors

Phase II: Convert 37.5 kg
of enriched germanium
(87% 7°Ge) into HPG
detectors

Neutrinoless Double Beta Experiments: Majorana/GERDA and the Xenon
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: Design and existing infrastructure
¢ HPGe detectors directly in ultra pure cryoliquid (G. Heusser, 1995)

Clean room >
— Lock system
Cryostat with
Detector array internal Cu shield
Water tank
with HP water >
and p-veto

‘\~ HP liquid Ar

Neutrinoless Double Beta Experiments: Majorana/GERDA and the Xenon
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GERDA : Results from commissioning

First background data:

Understand the
unexpected:

K ions have long life time in LAr (half life: 12.4 hours)
- Drift in E-field
-> attracted to surfaces close to or on detector
42Ar contamination in liquid Argon: A = (94.5%4.7%£17.5) uBgl/kg
Compare to previous upper limit Ashitkov et.al: A__ =41 uBg/kg
Neutrinoless Double Beta Experiments: Majorana/GERDA and the Xenon challenge 17

max



GDT Symposium, Tiibingen, April 8-12 2013

: Results from commissioning

ground mitigation: control the unexpected

Effect of mini
shroud

Without
mini
shroud

Neutrinoless Double Beta Experiments: Majorana/GERDA and the X
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A : Status of phase I

Installation of phase I detectors :

Deployed all phase I detectors in Nov. 2011
together with 1 natural HPGe detector

Neutrinoless Double Beta Experiments: Majorana/GERDA and the
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GERDA : Status of phase 1

Start: 05 Jan 2013 19:13:40
Stop: 16 Feb 2012 08:24:13

GERDA 13-01

Live time: 340.94 days = 0.934 yr
Exposure with Phase I detectors: 13.65 kg*yr
Neutrinoless Double Beta Experiments: Majorana/GERDA and the Xenon challenge
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GERDA : Status of phase I

Natural vs. Enriched detectors:

=, L . . 5
§ - enriched coaxials, 13.65 kg x yr :
3 | natural coaxials, 4.69 kg x yr 8
B 10°E 33
c [ " ] :
g I\ warp § g GERDA will
- i3 . ope.n window
10 o in June
- | " collaboration
B WM‘WWW w < meetlng
e i
- \ H\
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energy (keV)

Coax all: 0.024+34 . cts/(kg y keV)
Coax LB: 0.017+3  cts/(kg y keV)

(Remove 1 month data after array movement)

Neutrinoless Double Beta Experiments: Majorana/GERDA and the Xenon challenge
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GERDA : Status of phase 1

New measurement of ¥T, , ("°Ge) published:

™ 7 T T T T
5001 experimental energy spectrum
]_ . — model ---- 2vfip
L. [ ] 68% = 2K

GERDA
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: Status and plans for phase 11

he voyage of the enriched germanium

+ 4

Ge detectors
+ ounted in GERDA

Neutrinoless Double Beta Experiments: Majorana/GERDA and the Xen
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A phase II plans and status
ing of exposure to cosmic rays: Production history
vity in e""Ge:

GBGe kg-1,
0.000 ¢°Co kg

Neutrinoless Double Beta Experiments: Majorana/GERDA and the Xe
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A : Status of phase I

nd of enriched coax and BEGe detectors:

BEGe no PSA: 0.0

Neutrinoless Double Beta Experiments: Majorana/GERDA and the
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GERDA phase II plans and status

Background rejection by detection of LAr scintillation light

106 . . . . . S .
. without veto

o ' with LAr veto ]
107 k with PSD cut —+— A
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A : Status and plans for phase 11

ground rejection by detection of LAr scintillation light
Two solutions (supported by MC with light tracking):

SiPMs connected to fibres Low backgroun

simulations show: reduction of background to 0.001
Neutrinoless Double Beta Experiments: Majorana/GERDA and the Xenon
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A phase II plans and status

Mounting of new GERDA phase 11
infrastructure ongoing

Upgrade of GERDA infrastructure
planned for summer 2013

Neutrinoless Double Beta Experiments: Majorana/GERDA and the X
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XENON experiments: EXO 200

Enriched
- fenon
* Observatory

Neutrinoless Double Beta Experiments: Majorana/GERDA and the Xenon challe
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ON experiments: EXO 200
EXO 200 Design

High purity Heat

/ transfer fluid > 50 cm

25 mm ea

1.37 mm

>25cm

'\

VETO
PANELS

175 kg LXe, 80.6% enr. in 136Xe
Deployed at WIPP ~1600 mwe

Neutrinoless Double Beta Experiments: Majorana/GERDA and the Xen
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XENON experiments: EXO 200
Details of the TPC

APDs Teflon reflector  Field shaping rings

\\ \

[

Signal cables Charge detection wires
Neutrinoless Double Beta Experiments: Majorana/GERDA and the Xenon challenge
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XENON experiments: EXO 200

Calibration data
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At Qg (2458 keV):
G/E = 1.67 % (SS)
G/E = 1.84 % (MS)

32
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XENON experiments: EXO 200
Low background data:
3500 v . ]
E 7208 line 14
3000 . j
L 12900 §-
_ 2500
< - ~10080
2 2
= - <
£ 2000~ E 8000 Noo
I 0 EF
£ L. £ 6000
% 1500~ 3 -
5" .
-3, 4000
=T 2N .
1000 bi O o
2000 |
= __.-lj’" .
a3 = 1000
500 1 = ket I | | | | | | | | | | | |

500 1000 1500 2000 2500 3000 3500

2000 4000 6000 8000 10000 12000 14000
ionization (keV)

ionization (keV)

Neutrinoless Double Beta Experiments: Majorana/GERDA and the Xenon challenge



GDT Symposium, Tiibingen, April 8-12 2013

experiments: EXO 200

Overflow
bin

(2.2320.017£0.22 sys)-10*! yr

Neutrinoless Double Beta Experiments: Majorana/GERDA and th
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ON experiments: EXO 200
32.5 kg'yr

within £1o: (4.1£1) expected, 1 observed

within +20: (7.5 £0.5) expected, S obse
Limit on Ovpp-decay of 1¥6Xe: T

Neutrinoless Double Beta Experiments: Majorana/GERDA and the X
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XENON experiments: EXO 200
Distribution of Ov3 T1290% CL

Upper limits from
Monte Carlo

From estimated background,
expect to quote a 90% CL upper
limit on T1)2:

21.6 x10°yr 6.5% of the time
27 x10%*yr 50% of the time

Neutrinoless Double Beta Experiments: Majorana/GERDA and the Xenon challenge
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XENON experiments: KAMLAND ZEN
Use well known LS technology in existing KAMLAND tank:

o Utilizes substantial investment and
ex ertlse in KamLAND: 1200 m3 LS
2381J: 3.5%10-18 g/g 232Th: 5.2x10-17 g/g

« 300 kg of 91.7% 136Xe 2.7% by wt. in liquid
scintillator), 400 k and.
238|J: 1.3x10-16 g/g 2Th 1.8%x10-1% g/g

* 0=6.6%/sqrt(E), op,=15cm/sqrt(E)
* mini-ballon of R=1.7m, 25 microns thick

Neutrinoless Double Beta Experiments: Majorana/GERDA and the Xenon challenge
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N experiments: KAMLAND ZEN

Transparency 99.4% @400nm
Xe barrier < 220 g/year

Spring and summer 2011: Installation
of 25 pm Nyloné6 foil:

‘Longer term plan upgrade to 700 kg ¢""X

Neutrinoless Double Beta Experiments: Majorana/GERDA and the Xenon
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experiments: KAMLAND ZEN

Measurement of 2vpp-decay of 136Xe:
T, ,=(2.3020.020.12)-10%! yr

Limit on Ovpp-decay of 130Xe:
™T, > 1.9:10% yr
Q-value: (2458.7+0.6) keV

Neutrinoless Double Beta Experiments: Majorana/GERDA and the Xeno
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experiments vs. Klapdor

Is Klapdors result excluded?
NMEs? Mechanism? Understandin

Neutrinoless Double Beta Experiments: Majorana/GERDA and th
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Instead of conclusions: what did we learn?

GERDA
* Argon 2 ¥Ar + 4?Ar
* Discharges in gas
- CEDEX like
—>How easy to scale to ton scale?

Majorana:
* Copper/lead shield

- n-induced neutrons
-> Need deep enough UGL

XENON:

* Can be scaled. But what is the max. limit? Systematics?
* Resolution??? Can there ever be a discovery with 136Xe?

* Gas? Liquid? Tagging?

- Why not to combine xenon, germanium, Ovpp and DM?
(DM & 7°Ge: 2vpp background...???)

Neutrinoless Double Beta Experiments: Majorana/GERDA and the Xenon challenge
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experiments vs. Klapdor

Neutrinoless Double Beta Experiments: Majorana/GERDA and
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Plans for phase I1: new detectors

Background recognition powers of BEGes

Identify surface events:
Data taken with %Y B-source > n+ surface events Y Source

S

4// AW
n+
standard
signals
n+ surface
slow pulses
p+
n+ surface
~ pulse: NSP - Low E-fields in “partially” dead layer
&
5 —>Slow pulses
—>Decrease A/E parameter
Neutrinolcos o vumse sove sapes time [ns]

wmavaness 1raeyus A/ GERDA and the Xenon challenge
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Plans for phase I1: new detectors
Background recognition powers of BEGes

228Th source

A---- i
<

pt ]
y 228Th uncollimated —
BEGe beaum near edge — .
0.1 beam at centre — | D. Budjas et al.,
- ) e JINST 4 P10007
At p+ contact also e amplified current | 5999,
are “visible” 0.01! amplitude A f

2> A, /E is increased

Relativg intensity (integral = 1)

.
0.001 | l

M. Agostini et al., JINST 6

P03005 (2011) 0.000%) 5 y 15 > 2.5

Neutrinoless Double Beta Experiments: Mz AJE relative to <A/E>gge
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GERDA : Status of phase 1

Energy calibration of all detectors:

% %
4.7 keV
ANG2
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GERDA : Status of phase 1

Background decomposition:

» data
= mode]
*%Po on surface
- - #°Ra & daughters on surface
-+= “*Rn & daughters in LAr

events/(50 keV)
%

f'ﬂ
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1? ll.. I_ : oes 'y sa » - . .

- ......14;:
N

10"

IIIIIJ
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a-peaks are crucial for understanding background in Rol
(contributions from 226Ra decay chain)

Neutrinoless Double Beta Experiments: Majorana/GERDA and the Xenon challenge
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RDA : Status of phase I

lation of phase I detectors :

Neutrinoless Double Beta Experiments: Majorana/GERDA and the X
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GERDA : Status of phase 1
t rate in 5.3 MeV peak and E>5.3 MeV as fct. of time:
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200 | — Expectation: @ 20 — Expectation’
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10
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da
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days

—>210Pg contamination of p+ surface (T,, = 138

—>226Ra contamination on and close to p+
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A : Status of phase I

of backgrounds lines in HdMo and GERDA experiments

Neutrinoless Double Beta Experiments: Majorana/GERDA and the



