








θ13, δCP, sign(Δm2), mν , Majorana ν,   …and a deeper understanding of flavor! 

Unknowns: 

[Minos] [T2K] 
[King] 
[Di Bari] 

[Paradisi] 
[MEG] 

[SN ν] 
[NOvA] 

[Melchiorri] 

[Iachello] 
[Gomez-C.] 
[CUORE] 
[GERDA] 

[Opera] 
[Icarus] 

[DChooz] 

[KL-Zen] 

[DayaBay] 
[RENO] 

[Dark Matter] 
[Astro sources] 

Some “mismatches:” 

ν / anti-ν (MINOS) ? LSND/MiniBooNE ?  very SBL reactor disapp.?  

[New detectors, 
  new facilities, 
  new beams] 

[Lasserre] [Corwin] [Maltoni] [Mills] [Rubbia] [Giunti] 

νS? 

14 



     …beyond the 
standard 3ν framework 

The rich NEUTEL 2011 program (talks and posters) reflects an 
evolving field, open to surprises and challenges, both within and … 

But that’s a land with no boundaries… 

So, let me discuss just two examples  
of possible surprises and challenges in  
ν non-oscillation and oscillation physics 
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Results from 

Super-Kamiokande

1



-like events  (NN > 0.5)

SK-I+II+II

Fit Results 

» Tau signal clearly appears in upward-

going region

» DIS fits to +1 

» normalization fit is 1.63 expectation 

Fitted Excess

Atm BKG MC

If no appearance ,  = 0 

Preliminary 

Preliminary 

(This corresponds to  213.6 Events) 
Measure of significance: Area under asymmetric 
Gaussian centered at for < 0 
(= no appearance)    

SK data are inconsistent with no appearance at  3.8
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Neutrino Physics with the Borexino 
experiment 

Emanuela Meroni 
On behalf of the Borexino Collaboration 

Neutrino Telescopes, 2011 1 



Hypothesis	
   Expected	
  rate	
  
(cpd/100t)	
  

No	
  oscilla-on	
  +High	
  Metallicity	
   74±4	
  

No	
  oscilla-on	
  +	
  Low	
  Metallicity	
   67±4	
  

Oscilla-on	
  MSW	
  +	
  High	
  Metallicity	
   48±4	
  

Oscilla-on	
  MSW	
  +	
  Low	
  Metallicity	
   44±4	
  
 46.0 ± 1.5 (stat) ± 1.3 (sys)                                   

 BX measurement 
confirms oscillations but 
cannot discriminate 
between High and Low 
metallicity                                   

Survival	
  probability	
  for	
  solar	
  neutrinos	
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  Pee	
  ±1σ	
  

• 	
  	
  	
  	
  	
  	
  	
  BX	
  	
  	
  	
  7Be	
  
• 	
  	
  	
  	
  	
  	
  	
  BX	
  	
  	
  	
  7Be+flux	
  uncertainty	
  
• 	
  	
  	
  	
  	
  	
  	
  SNO	
  8B	
  

Pee(7Be	
  ν)=0.51±0.05	
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•  The 7Be flux  is obtained from the separated full fit of the day and 
night spectra 

•  Preliminary  (and conservative) result: 

  ADN is well consistent with zero:  further confirmation of the LMA! 
•  Unique measurement for solar 7Be neutrinos  

•  Result not sensitive to many systematic effect influencing the 7Be 
absolute measurement  

➫ More refined analysis is in progress aiming to reduce the error 
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The	
  day	
  night	
  preliminary	
  result	
  

€ 

ADN = 2Φn −Φd
Φn +Φd

= 0.007± 0.073(stat)



High	
  metallicity	
  

Low	
  metallicity	
  

Results in agreement with LMA-MSW 
and solar models 

8B	
  ν	
  	
  with	
  3	
  MeV	
  energy	
  threshold	
  in	
  Borexino	
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  Pee	
  ±1σ	
  
• 	
  	
  	
  	
  	
  	
  	
  BX	
  	
  	
  	
  7Be	
  
• 	
  	
  	
  	
  	
  	
  	
  BX	
  	
  	
  	
  8B	
  (>3	
  MeV)	
  
• 	
  	
  	
  	
  	
  	
  	
  BX	
  	
  	
  	
  8B	
  (>5	
  MeV)	
  
• 	
  	
  	
  	
  	
  	
  	
  SNO	
  8B	
  Probing for the first time with the 

same experiment the Pee in the 
vacuum regime (7Be neutrinos) and 
in the matter-enhanced regime (8B 
neutrinos); 

8B solar  neutrinos: electron recoil  spectrum after 
the background subtraction and comparison with 
the models 



GeoNeutrino Results:  
•  21 candidates selected  
•  exposure= 483 live days (252.6 ton-year after all cuts) December 07 – December 09 

  the first clear observation of geoneutrinos at 4.2σ ; 
  the rate is measured with 40% precision; 
  confirmation/exclusion of geological models limited by the statistics; 
  confirmation of oscillations (reactor antinu) at 1000 km @ 2.9σ; 
  georeactor in the Earth core with > 3 TW rejected at 95% C.L.; 
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68.3	
  %	
  	
  99.7%	
  

68.3	
  %	
  	
  99.7%	
  

•  	
  Extract	
  signal	
  with	
  an	
  unbinned	
  maximum	
  likelihood	
  fit	
  using	
  reference	
  
MonteCarlo	
  shapes	
  for	
  both	
  geo-­‐neutrinos	
  and	
  reactor	
  neutrinos,	
  since	
  
small	
  sta-s-cs;	
  

•  just	
  the	
  result	
  is	
  plot	
  in	
  a	
  binned	
  spectrum;	
  
•  result	
  of	
  the	
  fit:	
  amplitudes	
  of	
  the	
  geo	
  and	
  reactor	
  an--­‐ν	
  spectra;	
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The	
  first	
  ντ	
  candidate	
  event	
  
Phys.	
  Lev.	
  B	
  691	
  (2010)	
  138	
  	
  



ICARUS and Status of Liquid 
Argon Technology

Carlo Rubbi

F. Pietropaolo (INFN-PD)
for the ICARUS CollaborationVenezia, 15-03-2011





Preliminary results of first CNGS 2010 run

Venezia, 15-03-2011                                     XIV Int. Workshop on Neutrino Telescopes Slide: 20



 

Analyzed sample: 1494 CNGS triggers, i.e. 4.54 

 

1018

 

pot = 78 % out of 
whole sample. Classified by visual scanning into fiducial

 

volume of 434 t.



 

Number of collected interactions compared with number of interactions 
predicted ((2.6 ν

 

CC + 0.86 ν

 

NC) 10-17/pot), in the whole

 

energy range up 
to 100 GeV, corrected by fiducial

 

volume and DAQ dead-time.

On overall statistics in agreement with expectations.

* Events at edges, with 

 

track too short to be visually 
recognized: further analysis needed.

Event type Collected Expected
νμ

 

CC 94 98
ν

 

NC 32 31
ν

 

XC * 6 -
Total 132 129





|∆m2| = 2 .32+0 .12
−0.08 × 10−3eV2

Mar. 15, 2011XIV International Workshop on Neutrino Telescopes - L. Corwin

Pure decoherence 
disfavored at 9#
Pure decay at 7#
World’s most precise
|$m2| measurement
Included Samples

• Fiducial Events
• Events outside 

fiducial volume
• Muons from neutrino 

events in rock

10

arXiv:1103.0340

sin2(2θ) > 0.90(90%C.L. )



Mar. 15, 2011XIV International Workshop on Neutrino Telescopes - L. Corwin

Interesting Tension 
(2.3σ difference)
Plan to have at least 
double current data 
set by this Summer.

• Data taking 
interrupted by 
target failure on 
Feb. 26

• Plan to have new 
target in April
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