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single beta decay forbidden

double beta decay allowed (2ndO)

search in nuclear decay
            for properties of  !

 : violates lepton number L=2

most interesting : is v of Majorana type ?!             

                   


_

   beta decay in isobars
A = 76

even-even

odd-odd
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about                              yr ago 

double beta decay:     M Göppert Mayer
J. Furry 



Sep 14, 2017, LAUNCH17 P. Grabmayr

 Physikalisches Institut,     Kepler Center for Astro  and Particle Physics

many years  of preparation 

by KTK
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White Sands, NM, USA, 2015
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spectrum:    sum energy of both electrons 

2νββ:  T1/2  ~  10~21 yr
                     (1019 – 1024)

, Majoron,..

2νββ spectrum
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2νββ:  T1/2  ~  10~21 yr
0νββ:  T1/2  >  10 25 yr

, Majoron,..

0νββ signal:    peak at Q-value of reaction  

peak present ?
                       Majorana - nature

measuring: cts ⇒ half life

“Physics beyond SM”

   extension of
        Standard Model

   leptogenesis

spectrum:    sum energy of both electrons 
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 a : isotop. enrichment
 ε : efficiency
 M : mass 
 t : time of measurement
δE : energy resolution
 b : background rate

  
  

  

sensitivity    ~  Nobs / √NBG

NBG  ~  M * t * E * b                    Q EQ+∆EQ-∆E

B
Region Of  Interest

sensitivity S1/2 for  0

Nobs  ~  M * t                   für   b = 0

S1 /2 ∝ a∗ε ∗ √ M ∗ t
δ E ∗ b

Τ1/2 = ln2 • (NA/A) • M • (Nββ / t)-1 

relevant units for background index:
                                   cts/(mol yr E)

                                               cts/(kg yr keV)  

background   ~  detector mass



Sep 14, 2017, LAUNCH17 P. Grabmayr

 Physikalisches Institut,     Kepler Center for Astro  and Particle Physics

back of the envelope

                     Τ1/2 = ln2 • (NA/A) • M • (Nββ / t)-1 
 

For half-lifes of T1/2 = 1026 yr

        Nββ / t = 1 event/yr

This is about 100 moles of isotope, implying ~kg

           for 76Ge :  21 kg @ 86% enriched

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

      1g 76GeO2  for 50 €  (now 80-100€) 

assume background free;        >>  t;   
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candidates

228Th

208Tl

2.615 keV
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essentials for high sensitivity 

large isotopic mass

extended stable data taking                             exposure

high energy resolution

}
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resolution

  ratio    !!! 

   FWHM = 2,5 %

    T
1/2

 = 1026 yr

   FWHM = 2,0 %

    T
1/2

 = 1027 yr

 ⇒  Ge dets:   0,2% 

48Ca 
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essentials for high sensitivity 

large isotopic mass

extended stable data taking                             exposure

high energy resolution

low background

radiopurity                                                              special transports, UGL production

active and passive shielding                                   underground (reduced  flux) 

}
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essentials for high sensitivity 

large isotopic mass

extended stable data taking                             exposure

high energy resolution

low background

radiopurity                                                              special transports, UGL production 

active and passive shielding                                   underground (reduced  flux) 

signal-sensitive analysis                                          PSD, Ba-tagging

}
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essentials for high sensitivity 

large isotopic mass

extended stable data taking                             exposure

high energy resolution

low background

radiopurity   

active and passive shielding 

signal-sensitive analysis

}
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essentials for high sensitivity 

large isotopic mass

extended stable data taking                             exposure

high energy resolution

low background

radiopurity   

active and passive shielding 

signal-sensitive analysis

modelling of background
     (complete spectrum)

statistical methods

       

physical & chemical properties decide on technique

}
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Engel &
Menendez
1610.06548

1/T1/2 = PS * ME2 * (mν / me)2

 mββ = 17.5 meV

main  ('practical') isotopes

76Ge,  130Te,   136Xe

techniques:
(liquid) scintillator, bolometer,
TPC, calo-tracker,
semiconductur, 

light neutrino exchange
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EXO

TPC

enriched Lxe

Q = 2458 keV

75 kg in FV
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EXO

BI  = 1.5 +/- 0.2    10-3 cts/(keV kg yr)

Sensitivity:           3.7x1025 yr (90% CL)

             T
1/2

0νββ > 1.8 x 1025 yr
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Kamland-Zen

start 2011 (phase I):   fall out of 110mAg from Fukushima on inner balloon
2012-13: purifications of scintillator and Xe
Dec 2013 – Oct 2015: phase II → 110mAg bkg factor 10 reduced, Xe loading 2.44% --> 2.96%
now: larger & cleaner balloon, loading 380 kg → 750 kg, restart now, sensitivity T1/2 > 2 1026 yr

prel. energy spectrum phase II in FV r<1m

Q

T 1/2
0ν

>2.6⋅1025 yr (90% C.L.)current limit for  of 136Xe:
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Kamland-ZEN  phase II

Q = 2458 keV

  = 110 keV

1605.02889



Sep 14, 2017, LAUNCH17 P. Grabmayr

 Physikalisches Institut,     Kepler Center for Astro  and Particle Physics

Cuore: 130Te

988 natTeO2 crystals
206 kg 130Te, 

calorimeter with Ge NTD readout,
T ~ 0.1 mK / MeV
~ 5 keV FWHM

all towers are assembled!
test cool down of cryostat ok,
next: step mount  towers + 
        commissioning
physics run start end 2016, 
sensitivity 90% limit ~ 1 1026 yr

Cuore: 130Te
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CUORE
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CUORE

E ~  10 keV

   BI =   
(9.8 –1.5+1.7) × 10-3  cts/(keV kg yr)⋅ ⋅
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Majorana
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Majorana

E ~  2.4 keV

physics at low energies
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Cracow, June 2017
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Lock 
system

HP liquid Ar

Cryostat 
with 
internal Cu 
shield

Water tank
with HP water
and µ-veto

Detector array

Clean room

GERDA : design and construction 
proposal 2004                                                                                                     LNGS, Hall A 

Eur. Phys. J. C 73 (2013) 2330

Phase II

40 detectors in
          7 strings

3 nat.         7.6kg
       (7.8%)

87 % enriched

7 coax     15.8kg
30 BeGe  20.0kg
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liquid-Argon-Instrumentation
                          

    surface contaminations & Compton scattering
    produce scintillation light (128nm) in LAr
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GERDA spectra
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GERDA spectra
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1.0  +0.6  -0.4   10-3 cts/(keV kg yr)

2.7  +1.0  -0.8   10-3 cts/(keV kg yr)

 background index

coax

BEGe
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comparison of experiments / designs

mass [kg]* 
(total/FV)

FWHM 
[keV]

background&

[cts/ t yr FWHM]
T1/2 limit 
[1025 yr]
after 4 yr

mee limit
 [meV]

Gerda II Ge 35/27 3 5 15 80-190

Majorana D Ge 30/24 3 5 15 80-190

EXO-200 Xe 170/80 88 220 6 80-220

Kamland-Z Xe 383/88
750/??

250 40
?

20 44-120

Cuore Te 600/206 5 300 9 50-200

NEXT-100 Xe 100/80 17 30 6 80-220

SNO+ Te 2340/260 190 60 17 36-150

nEXO Xe 5000/4300 58 5 600 8-22

Ge-200 Ge 200/155 3 1 100 35-75

Ge-1000 Ge 1000/780 3 0.2 1000 10-23

* total= element mass, FV= 0 isotope mass in fiducial volume (incl enrichment fraction)
& mol of 0 isotope in active volume and divided by 0 efficiency

note: values are design numbers except for GERDA; EXO-200 and Kamland-Zen



Sep 14, 2017, LAUNCH17 P. Grabmayr

 Physikalisches Institut,     Kepler Center for Astro  and Particle Physics

Why 76Ge?                                            (there are other isotopes)

disadvantages:
  - small phase space factor G

- expensive (enrichment + diode production)
  - scales not as easy as liquid/gas detectors

advantages:
  - good energy resolution (currently best in the field)
    → small ROI & simple peak detection over smooth bkg 
  - lowest background if scaled by ROI
    → sensitivity comparable to experiments with much larger mass
  - enrichment + diode production well established 
    → no (little) R&D needed
  - effective use of expensive material (not used for self-shielding)
  - large annual Ge production
  - 'relative' simple operation & background suppression

background free:     sensitivity prop. to exposure    [not sqrt(exposure)]  
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new experiments on  decay       
    if found, then leads to physics beyond SM !

Cuore, Kamland-Zen,EXO, GERDA,Majorana
130Te,     136Xe,                       76Ge

GERDA:   high resolution & background free
            

  exposure         =  46.7 kg yr 

   new limit
                     T1/2

> 8.0 1025 yr    (90% C.L. frequentist) 
   sensitivity 
                         T1/2

> 5.8 1025 yr    (90% C.L.)

   data taking of Phase II is continued   (running stably)
   
                                               

summary
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