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Interaction rates : ingredients 

cross-sections 



Adding detector effects 

geant4 sim 
with full photon 

tracking 

assumed detector: 
(100m)3 =1Mton 

6x6 strings 
20 oms/string 



Effect of detector on oscillogram: NH 



Effect of detector on oscillogram: IH 



difference between NH(central values from 
global fit) and IH (central values from 
global fit) 

!  after accounting for assumed  
  detector resolutions: 
  maximum rate difference between 
  NH and IH ~10% 

!  to be compared to other uncertainties 
   (e.g. on mixing angles and masses → 
  next slide). 



effect of parameter uncertainties : NH 
each plot compares central values with +1 sigma variation in each 
parameter 

→ cannot be neglected: need to deal  
with these (nuisance) parameters 



(Optimal) analysis to distinguish NH and IH 

!  Optimal observable to distinguish between NH and IH hypotheses =  
   Maximum likelihood ratio 

So this means, for each pseudo-experiment (data): 
1. assume NH and find         by maximizing                              
    (this involves computing many smeared-oscillograms for NH) 
2. do the same for IH 
3. compute  



Results of parameter fit on (NH) peudo-experiments 

true value drawn 
from global-fit-
allowed range  
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likelihood ratio distribution 

for toy experiments 
in which the true 
hierarchy is normal 
or inverted. 

remember: results 
depend crucially 
on assumptions 
on resolution and 
detector layour and 
acceptance 



likelihood ratio distribution 

for toy experiments 
in which the true 
hierarchy is normal 
or inverted. 

remember: results 
depend crucially 
on assumptions 
on resolution and 
detector layour and 
acceptance. 

expressed in sigma's, 
separation between 
NH and IH = 3 sigma 
with  10 Mton x year. 



Similar results from Veronique Van Elewyck 



 from Veronique Van Elewyck 



Conclusions / thoughts 

!  This is not an easy measurement 
!  if assumptions are correct, need 10 Mton x year for 3 sigma 
!  assumptions could be pessimistic, of course 
!  Still several sources of systematic to be accounted for 
(earth density, rate normalization, cross-sections,....) 

!  Determining the mass hierarchy with this type of detector requires 
  Large instrumented volume (1 Mton is not enough ) 

!  When we have full simulation and reconstruction, we should  
investigate sparse (or variable-density ) detectors 

   ( But demand on (energy) reconstruction quality are very high 
    and likely require dense detector in the full volume &  
    fully contained events) 

!  Investigate the effect of event topology 

Aart Hiejboer 



Effective volume and energy reconstruction 



















PINGU effective volume 

Dal talk di Sirin Odrowki 



PINGU effective volume 

Dal talk di Sirin Odrowki 



Apostolos Tsirigotis 









TO DO LIST 
  Valutazione della influenza della wave form analysis nella 

risposta in carica dei PMT 
  Scorporare la parte di trigger dalla parte di ricostruzione 
  Ricostruzione ottimizzate per le basse energia 
  Ricostruzione in energia o definizione di parametri sensibili 

all’energia 
  Ricostruzione di sciami elettromagnetici per la rivelazione 

di  νe  
  …… 

  Codici modificati per apparati “misti”: es. Stringhe con 
multi-PMT + torri con PMT grandi  

Napoli 12 Luglio 
2012 



ORCA TO DO LIST 

  Probabilità di oscillazione (Vissani....) 
  Errori sistematici da conoscenza delle proprietà neutrini 
  Errori sistematici da Earth model 

  Simulazione di muoni atmosferici - stima del livello di contaminazione (Bologna) 

  Normalizzazione flusso atmosferici 

  Contaminazione da νe (Carla??....) 
  Indeterminazione sul flusso neutrini elettronici atmosferici  
  Ricostruzione di sciami elettromagnetici per la rivelazione di  νe  

  Ricostruzione in direzione ed  energia νµ (Agata….) 

  Ricostruzione energia  di sciami adronici  

  Trigger & Veto (neutrini atmosferici mal ricostruiti come contenuti, muoni 
atmosferici, µatm, νe…..) 

  Ottimizzazione geometria 

  Apparati misti (tower10” PMT & string DOM) 

Kouchner 


