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• next generation long baseline experiment  better sensitivity w.r.t. T2K and NOA 

• observe Mass Hierarchy, through matter effect, and CP-Violation 

• sign of m² and CP to be measured directly from the oscillation analysis 
–  large detectors + intense  beam  high statistics 

–  very long baseline  break Mass Hierarchy-CP degeneracy,  measure 1st  and 2nd  oscill. maxima  

• extended nucleon decay search: probe BSM physics up to GUT scale 

• sound atmospheric and astrophysical neutrino program  

 

 

LAGUNA-LBNO: goals 

A new massive deep underground neutrino observatory  
for long baseline neutrino studies, 
capable of proton decay searches, 

atmospheric and astrophysical neutrino detection 



LBNO goals  

Fully exploit long baseline neutrino oscillation pattern 
 

perform L/E analysis over large energy range 
(1st and 2nd maxima) 

 
Wide Band Beam (WBB) 

 
E 

2nd max >500 MeV  L > 1000 km 

Better signal efficiency and background rejection 
with a comparable mass  

 
20 kton fine sampling tracking device  

Beam 

Detector 

Better sensitivity w.r.t. T2K+NOA:  



The LAGUNA consortium 
Large Apparatus studying Grand Unification and  

Neutrino Astrophysics 

 
Pyhäsalmi 

 2008-2011: Design Study 
• EU funding FP7 
• 100 members, 10 countries 
 search for optimal site in Europe 

             detailed investigation of 7 candidate sites 

     Pyhäsalmi mine, Finland 

      

 2011-2014: LBNO 
• EU funding FP7 
• 300 members, 14 countries 
 extended site investigation 

      



The Pyhäsalmi mine 

Shaft 1 Entrance ramp Shaft 2 

Available for since from 2016 
Efficient infrastructures already present  
Little environmental water  
Deepest mine in Europe: 1400m, 4000 m.w.e. 
Rock quality suitable for excavation of large volumes 
Lowest reactor neutrino background in Europe 
Distance from CERN (2288km) 
 Interesting distance from other potential neutrino sources 

-  DESY(1500km), Protvino(1160km), RAL(2300km) 
Distance compatible with NF setups 
 



The Far underground detectors 

beam from CERN 

GLACIER 
20 kt Double Phase LAr LEM TPC 

Low energy threshold: exclusive final states 
Low systematic error 
Excellent energy resolution on a wide energy range 
Excellent 0/e separation:  necessary to suppress 
                   NC background, higher for on-axis beam 
  

MIND 
35 kt Magnetized Muon Derector 
(3 cm Fe, 1 cm scint. bars, 1.5-2.5 T) 

 
  
 Electron appearance measurements 
  

Muon momentum and charge 
Inclusive neutrino energy rec. 
  

GLACIER 

MIND 

 Muon CC, NC measurements 
  



Matter density along the baseline 

(PREM: Preliminary Reference Earth Model) 

Earth Density Profile 
Measured by several 
Geophysical projects 

  The  line of flight is comprised in a geological section extensively studied in the past 
 mean density variations known with high accuracy 

  Local density variations are estimated to be of about 5%   
 total effect on oscillation probability averages out 
 conservative approach is to assume 4% syst. error (global mean shift)  

1-combined geophysical   
information 

2,3-maximal profile deviations    
2.4<<3.4 g/cm3 



Normal Mass Hierarchy (L=2300 km) 

CERNPyhäsalmi: e Oscillation Probability  



CERNPyhäsalmi: e Oscillation Probability  

Inverted Mass Hierarchy (L=2300 km) 



LAGUNA-LBNO new neutrino beam line 

CERN-to-Pyhäsalmi (CN2PY) neutrino beam 
•  Design optimized target and focusing systems 
•  Near detector needed to achieve required systematic 
•  Consider dedicated set of hadro-production experiment 

 
 Benefit from improved SPS+Injectors 

•  SPS intensity is upgraded to 7x1013  p.p.p. @ 400 GeV (6 s cycle) 
•   1 year integrated p.o.t.: 0.8-1.3 1x1020  

•    12 year integrated p.o.t.: 1-1.5x1021 

•  Corresponding sharing: 60-85% 
•  Studies ongoing with CERN acc. team 

 
 Upgraded path. Options 

•  SPS Upgrade  (800 GeV)   2MW 
•  New HP-PS accelerator (50 GeV)  2MW  
•  NeutrinoFactory storage ring 



Neutrino beam tuning 

Beam line parameter varied in order to find the configuration which maximize the 
information extracted from the analysis of the oscillation spectra 

  Decay Tunnel dimensions 
   Target-Horn position 
     Horn-Reflector Position 
      Horn(Reflector) shape 
       Horn(Reflector) current 
             ...... 

Tunnel 
Diameter 

Reflector Horn 



Near detector & hadro-production experiment 
Systematic error on the signal and background in the Far detector  2%  

Precise knowledge of fluxes, cross sections... 

Input from hadro-production experiment 
    crucial for precise neutrino experiment 
    (K2K,T2K, MINOS) 
 
CERN NA61  
    acceptance study  

NA61/SHINE Near Detector 

Argon TPC (10 bar) 
Scintillator bar tracker  
Magnetic Field: 0.5 T 
0.2 event/spill @ 700 kW 



Mass Hierarchy with neutrino/anti-neutrino 
Running mode 
/:25%/75% 

_ 



Sensitivity to Mass Hierarchy & CP-Violation 

• Mass Hierarchy determination at 5 in few years 
 
• CPV 60% coverage 90% C.L. end evidence for 
         maximal CP  (/2, 3/2) in 10 years 

2.25x1020 p.o.t. 

1.5x1021 p.o.t. 

 CPV sensitive to systematic effects 
 In case of negative result 
     With a factor of 3 higher exposure 
     (beam power  far detector mass) 
     CPV evidence achievable for 75% 
     of the CP parameter space. 
      

Neutrino energy reconstructed from final state events. 
 
  background treated with kinematical analysis. 

 
Integrated p.o.t.: 1.51021  
Target Mass: 20 kton 
  
Running mode: 25%:75% sharing neutrino:anti-neutrino 
 
Systematic errors   
    - signal normalizations: 5% (:50%) 
    - horn polarity:  5% 
    - NC, CC background: 5% 
    - matter density: 4%      



Conclusions 
 Long Baseline Neutrino Oscillation experiment  
     between Pyhäsalmi and CERN (2300 km): 

• all transitions (e,, )  measurable in neutrino/antineutrino 
   in the same experiment 
•conclusive Mass Hierarchy determination 
•Very good chance to find CPV from spectral information. 
   With 10 years at 700kW SPS and 20kton LAr: 60% coverage 90% CL 
   Three-fold exposure lead to 75% coverage at 3 
• > 10 times better sensitivity on several nucleon decay channel 
•detection capability of several astrophysical sources 
 

 EoI submitted to CERN-SPSC in June 2012 
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Matter uncertainty and CPV discovery 



Matter uncertainty and CPV precision 








