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1. Neutrinoless double beta decay  

2. ϑ13 

3. absolute scale of neutrino mass 

5. Neutrinos from extragalactic sources 

4. μ->e γ  and LFV   

-  at the border of our current knowledge about neutrinos 
-  reflect my theoretical prejudices 
-  long term projects (neutrino factories, beta beams,…) not covered! 
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Summary of data 

[complete ordering 
(either normal or inverted 
hierarchy) not known] 

[CP violation in lepton  
sector not yet established] 

violation of individual lepton number 
implied by neutrino oscillations 

violation of total lepton number 
not yet established 
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[Fogli, NOVE 2008] 
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1. Neutrinoless double beta decay :    (A,Z)->(A,Z+2)+2e- 
motivations: - establish (B-L) violation [Majorana neutrino masses] 
                       - absolute neutrino mass 
                       - neutrino mass ordering 
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mν ≈ Δm32
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15 GeV not that far from GUT scale 

theoretical interest: call ΛL the scale of (B-L) violation 

- global quantum numbers expected to be violated at some level by quantum  
  gravity effects 
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ΛL ≈10
15 GeV independent indication of a new physical threshold 

around the GUT scale 
- many GUTs contain νc 

- heavy νc exchange produces a specific version of neutrino masses (see-saw mechanism) 
- B-L violation welcome in baryognesis 
- out-of-equilibrium, CP violating decay of νc can drive baryogenesis through  
  leptogenesis 

- B-L violated, in general, when attempting to unify particle interactions (GUTs) 
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[notice the two phases α and β, not entering neutrino oscillations] 

future expected sensitivity 
on 

from the current knowledge of   
                      we can estimate 
the expected range of  

a positive signal would test 
both (B-L)-violation and the  
absolute mass spectrum at  
the same time! 

CUORE         130Te        (30-50) meV 
Majorana       76Ge        (20-70) meV 
GERDA         76 Ge        (90-290) meV (phase II)  
                                         10 meV   (phase III ?) 
KamLAND     136Xe        100 meV  ?    

HM,IGEX,Cuoricino 

[Strumia,Vissani] 

Cuore 
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T1/ 2
0ν (130Te) ≥ 3.0 ×1024 y (90% C.L.)
mee ≤ 0.19 ÷ 0.68 eV



2. ϑ13 
motivations: - fundamental parameter of mixing matrix 
                         - future development of the field depends on the  
                           size of ϑ13: 
                                     leptonic CP violation, sign of  Δm2

31, matter effects 

-  a tiny  ϑ13 might signal an underlying symmetry  
  [Tri-Bimaximal mixing scheme] 
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+  small corrections
< few percent
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TB scheme is already in excellent agreement with ϑ12
[and with ϑ23  too, though the exp error is larger]                                                                
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the theoretically preferred way of measuring ϑ13 is through the electron  
neutrino (antineutrino) survival probability    
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in practice, this is not an easy task… 

[no dependence on δ, 
no dependence on  
sign  of Δm2

13,  
no dependence on  
matter effects] 

----------------------------- 

----------------------------- 

near detector 

far detector 
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MINOS 
OPERA 

double 
CHOOZ 

JPARK-SK 
NoνA 
(≈2015) 

05.0

ν-factory 

a simplified view:  

Present 

bound 

alternatively: exploit the dependence on ϑ13 of conversion 
probability between muon and electron neutrinos in LBL experiments 
[which however depends on additional parameters such as δ, the sign  of Δm2

31, 
matter effects, octant of ϑ23, … ]  
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double CHOOZ 
sin22ϑ13 ≥0.06 (2010) 
sin22ϑ13 ≥0.03 (2014)      

Daya Bay 
sin22ϑ13 ≥0.01 (2014)      

Daya 
Bay 
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i.e. a small uncertainty 
on Pµµ leads to a large 
uncertainty on θ 23 

- no substantial improvements from conventional beams 
- superbeams (e.g. T2K in 5 yr of run) 
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improvement by 
about a factor 2 

T2K-1 
90% CL 
black = normal hierarchy 
red = inverted hierarchy 
true value 410 

[courtesy by 
Enrique Fernandez] 

is ϑ23 maximal? 

δ(sin2θ 23) reduced by future LBL experiments  
from ν µ→ ν µ disappearance channel 
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3. absolute scale of neutrino mass  (laboratory) 

€ 

mν < 2.2 eV (95% CL)
future sensitivity [Katrin 2009-2015] 0.2 eV 



mν = 0    1 eV 

    7 eV    4 eV 

massive  ν  suppress  the  formation  
of   small  scale  structures 

3. absolute scale of neutrino mass (cosmology) 

  

€ 

δ(  x ) ≡ ρ(
 
x ) − ρ 
ρ 

δ(  x 1)δ(
 
x 2) =

d3k
(2π )3

ei
 
k ⋅(
 
x 1−
 
x 2 )∫ P(
 
k )

depending on 
-  assumed cosmological model 
-  set of data included 
-  how data are analyzed 
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next CMB satellite  
+ weak gravitational lensing  
+ improved galaxy survey [2015?]
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4. μ->e γ     
motivations: - additional test of individual lepton number violation 
                           [up to now seen only in neutrino oscillations] 
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μ->e γ belongs to a “family” of physical effects  
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lepton electric dipole moments di,  
anomalous magnetic moments ai, 
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µ → eγ τ → µγ τ → eγ

even in the most conservative case,  
we expect a contribution to μ->e γ,  
at some level  

the important point for an observable 
effect is M ≈ TeV [in the range 
of interest for LHC] 

we have a 3σ indication from 
(g-2)μ that this is the case! 
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δaµ ≈ 30 ×10
−10 ⇒ M ≈ 2.7 TeV

main goal: 
establish tau neutrino  
appearance 



Planning R & D Assembly Data Taking 

June 

E. R. E. R. 
      1998     1999     2000     2001     2002      2003     2004     2005     2006              2007               2008                                   2009 

MEG time scale [from Bemporad’s talk at NOVE 2008] 

new engineering run from April 15th 2008 
start of data taking in June 2008 
goal: hope to get a significant result before entering the LHC era  
Measurements and detector simulation make us confident that we can reach the SES of 
4 x 10-14 to µ→eγ  (90% C.L. limit BR 10-13) and possibly below…  

[Isidori, Mescia, Paradisi, Temes   0703035] 

μ->e γ versus muon (g-2) 

interesting relation with ϑ13
[L. Calibbi, Faccia, Masiero, Vempati hep-ph/0610241]  



5. Neutrino telescopes 

motivations: - UHE neutrinos are believed to accompany UHECRs, escaping  
                      from remote regions that are opaque to em radiation 
                    - identification of sources of UHECRs  
                      [GRB, AGN, decay of ultraheavy particles…] 
                    - unique probe of the physics of these sources 

this is a picture of the sun 
reconstructed from neutrinos 

up to now, only two astrophysical objects 
have been identified as neutrino sources: 
the sun and supernova SN1987A 

-  sun  
  direct observation of nuclear reactions  
  in the core of the sun [only very recently 
  we could study nuclear reactions at the sun 
  energies directly in the lab ( LUNA)]  

- supernovae  
 direct observation of the core collapse process 



Cosmic ray spectrum - 2008 

l 

AGASA: surface array 
HiRes: fluorescence telescopes 
Auger: Hybrid 

ankle 

GZK 

[Matthiae NOVE 2008] 

[GKZ=Greisen-Satsepin-Kuzmin] 



the existence of the GZK cutoff strongly supports a non-vanishing flux of UHE 
neutrinos (cosmogenic or GZK neutrinos) 
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n→ p + e + ν e
π + → µ+ + ν µ

µ+ → e+ + ν e + ν µ

most plausible mechanism for 
the GZK cutoff is pion  
photoproduction 

- additional contributions can be present 

- km-scale (gigaton) neutrino telescopes like ICE3 are 
  needed to detect by optical Cerenkov effect these neutrinos    

expected GZK neutrino flux has an uncertainty by a factor 2-4  
- unknown CR spectrum at the source 
- not precisely known CR composition 
- cosmological evolution of the sources 



coherent radio Cherenkov detectors 
optical Cherenkov 

- - - - - - - - - - - - -   
ICE3 



Summary 
1. Neutrinoless double beta decay  

2. ϑ13 

3. absolute scale of neutrino mass 

5. Neutrinos from extragalactic sources 

4. μ->e γ  and LFV   

I hope that in the near future we will discuss together the evidence for 
one or more of these effects! 


