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Back of an envelope

This is the 50 meV option, just add 0‘s to moles and kgs if you want smaller neutrino
masses

Typ=1In2+asNys Mt/ Ny (t>>T) (Backgroundfree)

For half-life measurements of 10227 yrs

1 event/yr you need 10%%?7 source atoms

This is about 1000 moles of isotope, implying about 100 kg

Now you only can loose: nat. abundance, efficiency, background, ...



Spectral shapes

Ov[3[3: Peak at Q-value of nuclear transition
Sum energy spectrum of both electrons Measured quantity: Half-life
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Signatures and approaches

- Sum energy of both electrons
- Single electron spectra and opening angle
- Detection of daughter ion

Source = detector Source # detector

detector

- Semiconductors

-Cryogenic bolometers -TPCs (foils)
-Scintillators -Scintillators (foils)

- Liquid Noble gases

All low background
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The dominant problem - B&

How to measure half-lives beyond 10%° years???

The first thing you need IS a mountain, mine,...

e The usual suspects (U, Th nat. decay chains)
e Alphas, Betas, Gammas
e Cosmogenics

e thermal neutrons
e High energy neutrons from muon interactions

° ZVBB



Experimental approaches

OvBp decay rate scales with Q> —only those with Q>2000 keV

O-Value 11 isotopes of interest
Isotope keV) Nat. abund. P
(%)
Ca 48 4271 0.187 Candles
Ge 76 2039 7.8 GERDA,
Se 82 2905 0.2 SuperNEMO, LUCIFER
Zr 96 3350 2.8
Mo 100 3034 9.6 MOON
Pd 110 2013 11.8
Cd 116 2809 7.5 COBRA
Sn 124 2288 5.64
Te 130 2529 34.5
Xe 136 2479 8.9 EXO, KamLAND-Zen, NEXT, XMASS

Nd 150 3367 5.6 , DCBA, SuperNEMO(?)
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Evidence ?
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Phys. Lett. B 586, 198 (2004)

Mod.Phys.Lett.A21:1547-1566 (2006)

Very controversial discussion in the community
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Because they‘re starting this year
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GERDA-Principal Setup

i '{\
NN
muon & cryogenic |
mfrastructure '

cryostat z4m,

with internal
Cu shield

Ge-detector array
~(enriched in 76Ge)

water tank, @10m, part of uon-veto detector




Installation







Glove-box for Ge-detector handling and mounting into commissioning lock

N, atmosphere installed in clean room




GERDA — First enriched data

Data obtained with string of 3 enriched 76Ge diodes
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absolutely normalized MC prediction for
2v2p decay spectrum with T, ,=1.74-10%"y,
and 42K contribution normalized to 1525 line.
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Stay tuned!

Phase 1: 8 enriched detectors (former Hd-Moscow and IGEX detectors)



GERDA Detectors — Phase 2

Phase II: 35.4 kg enriched Ge purified to 6N (+ 1.1 kg tail), awaiting crystal growing

Candidate: BEGe
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GERDA Detectors — Phase 2

M/ V Philadelphia Express
Bremerhaven, Germany
October 2, 2011
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COBRA

Use large amount of

CdZnTe
Semiconductor Detectors

Large array of
CdZnTe detectors

K. Zuber, Phys. Lett. B 519,1 (2001)



Background
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Beyond 2.614 MeV background a priori much lower



It’s all about background

Background from:
natural radioactivity, cosmogenic produced radioisotopes,
cosmic rays, neutrons

Two options

Energy measurement only Energy measurement and tracking

1024 pixel, pixel size: 625 um



COBRA - Pixel

Idea: Massive background reduction by particle identification
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A nice muon.

4 Track crossing whole detector
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Imepix

COBRA-T

256x256 pixels, 55um
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ATLAS Detector Photos

Ve

Yes we can! B. Obama



o Tackling 50 meV

(my,) = ZUgjmj
J

Inverse 2 2 2 2 i
(19C13M1 + 19136 Mo

hierarchy: ~ (&= s2)JAm2, S

o 1077 hlony 1! 1

12

lightsst nevtuino mass in £V

~ 0.4-v22-107% eV ~ 19 meV Just to touch the IH

. 100Mo and 1°°Nd seems most promising
Dependence on solar mixing angle
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e Tackling the normal hierarchy

Oscillation parameters

No real proposal yet from Gonzalez-Garcia et al.
. . JHEP 1004, 056 (2010
*Will be tough and expensive 1 (2010)
10
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HOW??? sin? 0, = [0.23,0.38]

M. Hirsch, hep-ph/0609146



Nuclear matrix elements

The dark side of double beta decay



Charge exchange reactions

2v[p: Only intermediate 1* states contribute

Supportive measurements from accelerators
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Supernova 198/7A*
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Solar neutrinos, reactor neutrinos, geoneutrinos, supernova neutrinos, double beta decay
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Cosmic sources
of high-energy particles

= -l

AGN jets

Supernova shock waves
Decaying strings
Annihilating SUSY particles

Identify mechanisms using

e Particle composition

e Wide-band energy spectra

e Spatial and temporal characteristics
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Neutrino-Mass

primordial neutrinos as hot dark matter
, 0.8+0.2
Qyh"=2Xm,/92eV

Hubble parameter h= 0.65 (65 km/s/Mpc)
Q, <0.20

structure formation
tritium experiments

0.35+0.1

0.05 + 0.005

Q, <0.02 YT,
Lo Mmy<03e
KATRIN sensitivity 001 ==
—- stars & gas 0.005 + 0.002

Q, > 0.003 My > 0,056V 1

Super-Kamiokande 1T W

contribution to @@
0.001 —




Neutrino masses from cosmology

m
o 6G(3) ]—gMB zllzcm—'j th2 — v,tot

T lx el

New WMAP measurement + SDSS data

Mass bound model dependent, currently done within ACDM



WMAP 5yr data

1.5

B wmap I
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Description Symbol WMAF-only WMAP+BAO+SN

Neutrino density

Neutrino mass J

Number of light neutrino families k

.k < 0.014 (95% CL) < 0.0071 (95% CL)
5 m, < 13eV (05% CL) <« 0.67 eV (05% CL)
N.g = 2.3 (05% CL) 4415
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Neutrino mass from cosmology "
O. Lahav, Neutrino 2004

Data Authors m, =2 m,
2dFGRS Elgaroy et al. 02 <1.8eV
WMAP+2dF+... Spergel et al. 03 <0.7eV
WMAP+2dF Hannestad 03 <1.0eV
SDSS+WMAP Tegmark et al. 04 <1.7eV
WMAP+2dF+ Crotty et al. 04 <1.0eV

SDSS

Clusters tWMAP Allen et al. 04 0.567030 . eV

All upper limits 95% CL, but different assumed priors !

A unique cosmological bound on m, DOES NOT exist |

S. Pastor, EPS HEP2005, Lisbon



The future

* Ok % % % %

* % %

Absolute neutrino mass measurement
Which mass scheme?
Understanding mixing pattern
The value of 8,5

Three flavour analysis

Is there CP-violation in the
lepton sector (is it observable)?

Neutrino astronomy
Are there sterile neutrinos?
Unexpected things?




Exploring the PMNS matrix

The = isvorv
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3-flavour oscillations
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New beams Aim: Precision

Problem: Flavour content
of the beam

*Superbeams (off axis)
*Beta beams
*Neutrino factory

v



Off axis beams

Super-K.

Target Decay
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goal : - §
(1) measure appearance of ® 8.240°POT o :
Vy — Ve : lAB.xlomlpn.t._é
i .02 03 04 05 06
(2) measure disappearance of s
Vp = Vyu o
- = hoia

Latest solar results
(SNO 3phase)
arxXiv:1109.0763

There are good hints that 6,5 is non zero

hJ .
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Reactor Neutrinos

oy 2 AmpL . . Amp L
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where Am,; = m’ — mf

Experiments look for non-1/r? behavior of antineutrino
rate.
Oscillation maxima for E =3.6 MeV:
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Reactor — 0,5 hunting ke

o
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Near Detector

G X o v
YongGwang Nuclear Power Plant

About to start

Far Detector

Running A

Thanks to Soo-Bong Kim

If evidences are right,
Double Chooz should see
something by end of the year!

If true, very good chance to see
CP-violation in the lepton sector
(if there is one)




Neutrino facto
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Neutrino factories

12 Osclillation Processes in a Neutrino Factory

12 QOscillation Processes from (simultaneous) beams of
positive and negative muons in a neutrino Factory.

F S -

pt — e+1/e§# B — € Vel
Vy — Uy Vy — Yy disappearance
vV, — Ve V), — Ve appearance (challenging)
Uy, — Vs vy, — Vr appearance (atm. oscillatio
Ve — Ve Ve — Ve disappearance
Ve — V) Ve — Uy appearance: “‘golden” channel
Ve — Us Ve — Uy appearance: “‘silver” channel
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OPERA
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(v—c)fc 6t /(TOF, - 8t) = (2.49 + 0.28 (stat.) + 0.30 (sys.)) X105

(730085 m used as neutrino baseline from parent mesons average decay point)
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Explanations from simple hardware issues up to extra dimensions...




Always expect the unexpected




