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neutrino mass

Oscillations: neutrinos have finite mass !
Neutrinos: are they Dirac or Majorana particles ?
What is the origin of the neutrino mass ?
Masses in the Standard Model SUSY / Higgs

. _ i
VWhat is the o = N Uiy

. R - e [
origin of the - ?E‘;ﬁ?
neutrino mass? Rt

ASPERA, October 22, 2010 P. Grabmayr, Kepler Center Tiibingen



£

[ Teel J
o0
GERDA

neutrinoless double beta decay

2"% order allowed weak process
(AZ) > (AZ+2)+2e | (OVBP)

Gamow-Teller and Fermi
‘M ga/gv> A4GT‘2

Neutrino = Anti-Neutrino
(Majorana type)
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back of the envelope

assume background free experiment with T, >> t

For half-lifes of T4, = 1022 yrs
Ngs / t=1event/yr

Tp=In2 ¢ (NJA)* M (N, / t)1

This is about 10 moles of isotope, implying ~kg
for 76Ge : 2,1 kg @ 86% enriched

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

1g GeO, for 50 €
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Cerenkov muon veto in water tank
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PMT Spectrum |  Rate fall): 6.5285 He

Faee (=200 00230 Hz
Rate |~30): 0.0230 Hz
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Mumber of Events
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8 PMT in FADC
14 FADC
Struck 100 MHz

trigger:

1/5 p.e. Peak
4 FADC fire

within 60 ns
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noise or late pulses
scintillation of VM2000
neutrons

gammas
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Stainless Steel Cryostat

double walled SS container
screening of SS sheets from different

producers (~ 27 tons of SS 1.4571)
<0,8 mBg/kg %*Th & < 17mBg/kg ®°Co

LN, test reduce Cu shield
from 40 to 16 t
. evaporation (1t ~ 8000 €)
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GERDA

veto through scintillation in LAr

1e+006 | . . . . — . ]
TeStS In LArGe ! | 228Th Mﬂﬂ:]hggtnmj: :

with LAr veto
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In ROl @ 2039 keV

red. factor ~1000
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ETL ultra-low background PMT glass samples
MPIK internal note, 15.9.2005

Gamma spectrometry:
Lomelived Measured Meck (MPI-K Heidelberg) Bulb i MPI-K Heidelbers) Bulb (TRAM Geel)
mother lsotope M Bgikg] Cone. [pph] A Bgkg] Come. [pph] A Bgikg] Cone. [pph]
“Ha b+ R 2.04021) 165 1T1% 20019 EENE L6710
“"Ra ““Ra |62(42) 200148 1.95( 18]
= Py < 6.4 < 4.5 —
= g —- < (LOKS < 5.2%
~"T'h “Ph + T (L2907} T2 18y 0.21(6) S1(14p+ (0.165(13)
g = ap 0.21(14) 0L.25( L0 01,1901 201) AT(5)*
K K 247059 ROOO0C 190000 | 1 TS(43) STO000 0000+ |65 15) SO0 R0
e iy =137 < (1.37 (L0150 3)

* ™I econcentration (secular equilibriom assomed. although broken)

- . i =
“Th concentration ( secular equilibrium assumed)
i . o .
#us K concentration (secular equilibriom assumed)
Ly ir .
Mayhe some ™ Hn escaped?

Comment: The uncertainties for the measurements
dome at MPL-K were artificially enlarged to take
into account systematic errors doe © poorly known
efficiencies. Future studies will improve that.

ICP-MS hleasured Meck (ETL. Southampton ) Bulb (E'TL Southampton) Datashest ( ETL Southamplon)
merﬁL:lr;-. element M Bglkg] Cone. [ppb A Bgkg] Cone. [ppb] A [Bgike] Cone. [pphb]
' 1 2] 24 a0
Th 21 24 a0
K 1400K30 | 200000 G0N0
Atomic Measured Meck (MPI-K Heidelberg) Bulh ( MPI-K Heidelberg)
ab=zorption clement A [Bglkg) Come. [ppm| M [Bglke) Cone. [ppm]
spactroscopy: n T <E
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Anti-Compton Veto

Hamamatsu MPPC S10362-11-025C/050C/100C

@ To increase the surface the light yield

SiPMs are attached to wavelength
shifting fibers (WLS)

@ Two step wavelength shifting:

@ 128 t0 430 nm TPB coated VM2000

@ 430 to 500 nm BCF-91A WLS fiber
@ Fluor efficiency < 50%
@ 12 SiPM with 6 - 2.5 m WLS fiber
@ More than 100 p.e./MeV seen

@ The Compton background suppressed

by a factor > 4 in the ROl of GERDA

Janicsko-Csathy Jozsef, Hossein Aghaei,
MPP
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performance of photosensors

photomultiplier in water Cerenkov RT
photomultiplier in liquid Argon Scintillation _Ar
Silicon-PMT in liquid Argon Scintillation _Ar

general wishes:

high QE (angular independent)
low radioactivity of glass

pressure up to ~ 2 bar
good afterpulse performance (pre- & late pulses)

[[ timing not important, as long no tracking foreseen |]

for PM in |Ar:
QE & radioactivity !! Quartz needed ?
Present problems: high dark rate (3 kHz)

el. Field of cold glass: days needed to rise HV
for SIPM in |Ar:

dark rate, sensitive wave lengths, coupling to WLS
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timeline

@ Presently starting Phase | ( 18 kg running for 1 year )
@ Phase Il with total of 40 kg detectors enriched in 76Ge ( ~ 3y)
@ Parallel R&D on
background reduction
PMT for Liquid Argon veto
SiPM for Liquid Argon veto
@ MC for Phase Il design (1t, jointly with Majorana)

guess: less than 1000 PMT for Phase Il

?7? use of hybrids ??
?°? use of SiPM at mK range for active polarized targets ?7?
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