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The Standard Model 
1952: m < 250 eV	



Neutrinos are massless in the 	


Standard Model	



LEP	



Particle Physics 
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Particle astrophysics 

Dark matter Atmospheric neutrinos Cosmic accelerators 

Energy production in stars Supernovae 
Rare Nuclear Decays and Neutrino properties 
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 Common problem 
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A small signal in an overwhelming background 

I won‘t talk about: Statistics, Cuts, ... 
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Typical experiment 

Some energy deposition in a detector!  

CLICK! 

Information 
f.e. energy 
(ADC, MCA) 

Is this signal or background?  

Two options:  

Measure additional information 

Reduce number of background events 

Signal might be 1 event per tonne per year!!! 

JIS HH, 5.11.2010 
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Typical: Neutrino Physics, Dark Matter searches, Rare decays 

Signals 

   Dark matter  0-20 keV 

   Double beta decay: 0-5 MeV 

   Reactor neutrinos: 0-8 MeV 

   Solar neutrinos:  0-18 MeV 

   Supernova neutrinos: 5-30 MeV 

   Proton decay: 100 – 940 MeV 

  Atmospheric neutrinos: MeV- GeV 
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Background components 

  Cosmic rays  

  Atmospheric muons 

  Radioisotopes produced by CR spallation 
   (experiment specific) 

  Natural Radioactivity (U,Th decay chains, 40K) 

  Long living radioisotopes  
  (experiment specific) 

  Neutrons  

  Other experiment specific background   
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Cosmic rays 

For a large community of people this is the signal! 

G. Heusser, 1993 
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Shallow depth – cosmic rays 

Muon charge ratio CMS experiment, 89m underground (6-175 mwe) 
at CERN 

CMS, 
Phys. Lett. B 
(2010) 
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Multi muons  at LNGS 

Measurements with MACRO in hall B at LNGS 

-  Muon multiplicity depends on composition of cosmic rays 

-  Description/ simulation of cosmic ray showers can be improved by taking all 
these data into account 

-  Muons are the only cosmic ray particles penetrating deep underground 
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Underground Labs 

More to come.... 

The deeper the better 
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Gran Sasso 
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Cosmogenics: Radioisotopes produced by cosmic ray spallation 

Cosmogenics 
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Minimise surface time, don‘t fly, store underground 

Cosmogenics 

Dangerous : Long living ones (depends on decay mode and signal)! 

Cosmic ray 
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Natural decay chains 

Gamma rays not shown 
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40K, Rn and others  

Determination of contaminations via Gamma-spectrocopy 

Further primoridal radionuclides 40K, 87Rb (no γ):  

- Avoid Rn by nitrogen atmosphere, radon traps 
- Try to minimise material around detectors 
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Material screening 

Every (!!!) single device/material has to be measured before you can use it! 

Use Ge-semiconductor detectors!!! 
Fantastic energy resolution 
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Gamma spectra 

Requirements on most materials : < 10 µBq/kg !!! 

40K 

208Tl 
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Neutrons 

Extremely hard to shield, extremely dangerous for dark matter searches 

Cd-113 
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Neutrons 

Underground sources: (α,n) reactions from fission, muon-induced neutrons 

Shielding strategy: Moderate (paraffine, polyethylene (organic molecules) 
 and capture (n, γ) (Cd, Gd)  or (n, α)  (B,Li) 

Carson et al, Astroparticle Phys. 21, 667 (2004) 
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Ex.: Heidelberg – Moscow Experiment 

•   (A,Z) → (A,Z+2) + 2 e-                   
Neutrinoless double beta  decay 

Requires half-life measurements well beyond 
1025 yrs!!!!  

Requires a non-vanishing neutrino mass 
Requires neutrino to be ist own antiparticle 

Still only 1 decay per year per 10 kg Ge 

Background should be less than 1 count/keV/kg/yr 

Isotope of interest: 76Ge 
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Ex.: Heidelberg – Moscow Experiment 

Special selected low activity lead (210Pb) 

Side remark: Roman 
lead for CUORE 

Crystals 2-5 were brought by Bundesmarine from USA, 
crystals stored well below  water surface 



K. Zuber JIS HH, 5.11.2010 

Ex.: Heidelberg – Moscow Experiment 
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Pulse shape 

Major backgorund: Compton scattered events from higher energy gamma lines 
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Heidelberg -Moscow 

H.V. Klapdor-Kleingrothaus et al., Phys. Lett. B 586, 198 (2004),	



Mod.Phys.Lett.A21:1547-1566,2006 

T1/2 = 2.23 ±  0.4 x 1025 yr  m =  0.32 ± 0.03 eV	

Part of  collaboration:	
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Current aims of double beta searches 

Check whether observed peak claimed in 76Ge is true  
If yes, observe it with at least one other isotope to confirm that it is double beta decay 
If not, next milestone will be 50 meV suggested by oscillation results 
If still no observation, down to range 1-10 meV  

Remember: 

€ 

mν ∝
ΔEB
Mt

4

Heidelberg- Moscow achieved 0.1 counts /keV/kg/yr 

Next step: GERDA   

Hd-Mo claim is that dominating background is from surrounding materials 

Phase I : Use HD-Mo and IGEX detectors , achieve background of 0.01 counts/keV/kg/yr 

Phase II: Add additional 20 kg enriched Ge-detectors, achieve background of 0.001 counts/keV/kg/yr  

JIS HH, 5.11.2010 
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GERDA-Principal Setup 
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GERDA  
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Status 

June 2010 
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GERDA 

JIS HH, 06.11.2010 

228Th calibration spectra 
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GERDA Detectors – Phase 2 

Phase II:  35.4 kg enriched Ge purified to 6N, awaiting crystal growing 
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Cosmogenic production 

(n,2n), (n, γ) 

(n,p),(n,d) 

(n,α) 

(α,n) 

(p,n) (p, γ) 
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Cosmogenics 

Radioisotope production by cosmic ray spallation in EVERY material you use 

Cross sections determine (and neutron/proton fluxes) maximum time on surface 

59Fe production in nat. Cu 68Ge production in nat. Ge 

Studies within the FP6 ILIAS network 

A lot of cross sections are badly known 

JIS HH, 5.11.2010 
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Wie alt ist der Rotwein? 

Chateaux Lafite und Margaux 1900 ? 

Kann man das Alter von Rotwein bestimmen??? 

Die Verdächtigen 

Und zwar ohne die Flasche zu öffnen? 
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Test-Messung 

Ein Bordeaux Wein von 1934? 

NEIN!!! Kann kein Wein von 1934 sein!!! 

Medoc 1963 
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Der nächste Fall 

Photographie der Weinflaschen von Thomas Jefferson höchstwahrscheinlich aus den Jahren 1784 
und 1787. Zwei Flaschen sind vom Chateau Lafite, zwei weitere von Branne Mouton, heute Mouton 
Rothschild genannt. 

100000$ /Flasche 
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Der nächste Fall 

Kein Cs137 beobachtet  Älter als 1952 

Gravur mit damaliger Technik 
nicht möglich 

Warnung an alle: Sagen Sie den Winzern und Weinverkäufern nicht, 
dass sie low-background Kenntnisse haben!!!! 

Versuch Glas mit K-40 zu messen...  
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Die Geschichte geht weiter... 
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Summary  

Search for rare events (neutrinos, dark matter, rare decays) 
is an essential part of particle physics and particle 
astrophysics, complementary to accelerator activities. 

Expected event rates are extremely small (less than 1 per 
day in a big detector) normally covered by overwhelming 
backgrounds 

However, field has done enormous progress over the last 
two decades in selecting clean materials, measuring 
contaminations in the order of µBq/kg, purification 
procedures, shielding designs 

The excitement and interest in the field is reflected by the 
fact that more and more countries plan or build underground 
labs (US, China, Poland, Finland, Romania,...)  

JIS HH, 5.11.2010  
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Ann. Rev.Nucl. Part.  6, 1956 

Big issue: 14C:  5000 years 

Big issue: DBD:  1025 years 

Ann. Rev.Nucl. Part.45, 1995 


