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Summary 

• Neutrino tau and anti-tau  birth needs tens GeV energy threshold 

• At 20s GeV the oscillation lenght is twice Earth radius 

• Muon Neutrinos into tau were too rare at OPERA-CERN 

• 20s GeV neutrino detection at Deep Core is  within 

• 4-8 Mton thousands times OPERA-Kton detector 

• Oscillation at Opera is 1.5% while 100% at ICECUBE 

• Size, oscillation distances and rate makes CERN or 

    Fermilab beaming across Earth to ICECUBE 

  Ideal to disentangle CPT violation and mixing parameters and MSW 

    As tau and anti tau appearence, Hierarchi mass..mixing angles 

  At least 4 order of magnitude more abundant in tau  than 

  CERN-OPERA experiment 
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Neutrino mass hierarchy determination with 
IceCube-PINGU 

W Winter - Physical Review D, 2013 - APS 

Mass hierarchy, 2-3 mixing and CP-phase 
with Huge Atmospheric Neutrino Detectors 

EK Akhmedov, S Razzaque, AY Smirnov  
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MAIN DIFFERENCES 

1) When beaming by 50 GeV pions you choose 
matter and anti matter by Lorentz  bending forces 

2) When sending the 20 GeV neutrino you control 
the energy (by 10-20%) 

3) When you cross the Earth you do know in detail  
the path and the distances 

When you receive a random atmospheric 
 muons at a few (3-6 GeV), you do not know: 
• The initial atm.neutrino energy  
•  Its nature (matter-antimatter) 
•  The arrival direction because low energy-wide
Scattering angle 
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Cosmic Ray Spectra background 

AUGER Icecube 
2013 

GZK 
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Neutrino Mixing flavor Matrix 
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Usual Mixing in vacuum 
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 All 3 Oscillations 
In vacuum 
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OSCILLATION: Two flavor 

9 
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Three flavor, Vacuum 

10 
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http://en.wikipedia.org/wiki/Neutrino_oscillation#mediaviewer/
File:Oscillations_muon_long.svg 
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Mixing inside matter: the MSW 
  mikheyev-smirnov-wolfenstein (MSW) mechanism of 

amplification of neutrino oscillations in matter 

 or perturbation 

Scattering coerente in avanti 

Meccanismo 
     MSW 
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Oscillations across Earth  

• 3 flavours, inside the matter keeping care of: 

– 1) ideal constant average density 

– 2) precise mass density profile 

• Pna - nb
 mixing probability as a function of 

•           distance and energy,  
 
- common popular analitical solutions : 

•    only for average density of Earth, 

• - our solution also semi-analitical and exact numerical keeping 

•       both exact density profile and 

•      perturbation MSW step by step along the Earth 
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r 

q 

Matter Profile along the Earth 
(at each angle a different one) 

 

 

Earth density function: 

r(r) 

 

r( r(q,x) ) 
x 

Horizont Observer 
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VUOTO 
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Different estimate: Most tuned Pee(x) 

E = 3.4 GeV,   q = 68° below the Horizons: CERN-ICECUBE 

vacuum 

Constant density 7.3  g cm

Variable density step step 
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E = 3.4 GeV,   q = 68° sotto l’orizzonte 



18 

 

Quality test: 
versus-Mu-Tau 
 R. Gandhi et al.,  
Physical Review  
D73 053001 
arXiv:astro-ph/ 
0411252 
 
Black-vacuum; 
Orange-Gandhi; 
Blue: Our exact 
Earth profile . 
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Probabilità di sopravvivenza nm 
in funzione dell’angolo sotto l’orizzonte 

e dell’energia 
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Probabilità di sopravvivenza nm 
MSW in funzione dell’angolo sotto 

l’orizzonte 
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Probabilità mediata 
sull’incertezza dell’energia 

• E’ necessario mediare la probabilità di oscillazione sulle 

distribuzioni di incertezza di energia e lunghezza 

DE/E = 20% 



22 

Test  proposto  per la misura 
della violazione di CPT 

Una seconda osservazione  
per ottimizzare la 

conversione  
nm  -> nt 

Una prima osservazione semplice,  
con i parametri che violano CPT 

Opera 
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Abbiamo analizzato 4 baselines: 
CERN – SuperKamiokande 
FNAL – SuperKamiokande 

FNAL – IceCube 
CERN - IceCube 

La nostra proposta: un esperimento long-baseline 
per verificare più facilmente i parametri di oscillazione 

Test per la violazione di CPT: 
Beam attraverso la Terra 

Gandhi 

 2006 

Tang & Winter (2011) 
riprendono l’idea della baseline 

verso il polo sud 

2010 

South Pole-Icecube 



24 

Possibile violazione di CPT in 
MINOS e influenza sul mixing 

Minos Collaboration,  
Phys.Rev.Lett.107: 
021801, (2011) 
Arxiv:1104.0344 
 
Minos Collaboration,  
http://www-numi.fnal.gov/PublicInfo/forscientists.html 
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oscillazione 

Energie del fascio di n 
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Without and with energy spread 
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Eventi di nt e n¯t  
al rivelatore con 

oscillazione 

Potenzialità esperimento: 1% rispetto  
al tunnel di decadimento e flusso di Opera 
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Tau and Anti Tau appearence 
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What we may achieve in 1 year at 
1% of OPERA like experiment 
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F(n)      1 / r2   >>>>      ~ 1/260 
Massa              >>>>      ~ 4000 
      Ep

2   ,  s      En
    >>>>  ~ 2 

 Mixing   >>>>     ~ 60  

Efficency on detection ~  15 
 per IceCube-DeepCore 

Abbiamo effettuato un confronto  
tra i p.o.t. e gli eventi osservati 
 o osservabili in futuro 

Confronto e calibrazione dei 
Nev  Opera-Minos 
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•Campo magnetico 1 Tesla 
 

•Emax
n ~ 22 GeV 

 
•Ep ~ 50 GeV                                        p curvati di 68° 
 
 

              

Come lanciare un fascio di n 
attraverso la Terra 

Metodo off-axis  
per aumentare la 
monocromaticità 

del fascio 
Un nuovo  
tunnel… 
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Lanciare un fascio di n 
attraverso la Terra 

Rispetto 
a Opera 
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Probabilità mediata di 
conversione a causa 

indeterminazione dell’energia 

DE/E = 20% 
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Eventi di nm e n¯m  
al rivelatore con oscillazione 



36 

Eventi di nm e  anti  nm  
al rivelatore con oscillazione 

Potenzialità esperimento: 1% rispetto al tunnel di decadimento e flusso di Opera 

Essendo emessi in finestre del nano secondo, non avrebbero rumore  atm. 
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Eventi di nt e n¯t  
al rivelatore con oscillazione 

RUMORE 
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Eventi di nt e n¯t  
al rivelatore con oscillazione 

Potenzialità esperimento: 1% rispetto  
al tunnel di decadimento e flusso di Opera 
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Requirements for a New Detector at the South Pole Receiving an 
Accelerator Neutrino Beam 

Authors: Jian Tang, Walter Winter 
(Submitted on 26 Oct 2011 (v1), last revised 23 Jan 2012 (this version, v2)) 

http://arxiv.org/find/hep-ph/1/au:+Tang_J/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Winter_W/0/1/0/all/0/1
http://arxiv.org/abs/1110.5908v1
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Theta 13 



41 

Muon to electron 
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Hierarchy neutrino mass 



43 



44 



45 

 
 

Conclusione: 
Beaming Neutrino may act as a fast comunication 

system 
while testing the lepton sector 

 
related to: 

UHECR and 
Tau neutrino Airshower 
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Most recent Proposal 
(in press Nucl.Phys.B) 

arXiv:1408.0227 DF 
M82: protons 

M82: 

Deflected He 

B,C,O 

From M82 

Cygnus X3 

SS433 

Or Aq X1 

Cen A 
Vela 

Multiplet 

https://indico.cern.ch/event/287474/session/10/contribution/0/material/slides/1.pdf

http://arxiv.org/abs/1408.0227
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UHE nt di origine astrofisica 
all’orizzonte 
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Auger, TA,ASHRA e gli sciami 
estesi di nt 

WB 
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Sezione d’urto risonante W 

RAPPORTO DEI FLAVORS 
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Distribuzione angolare dello spettro  
degli sciami tau da neutrini tau  
da energie 10 GeV ad ZeV.   
 Risonanza di Glashow a 6.3 PeV 

Risonanza di Glashow a 6.3 PeV 
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La somma degli eventi  nell’intervallo da 
6.3·1015 a 2.9·1018 eV =   1.3  per  3 anni 

Numero di eventi previsti per 3 
anni in Auger 
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TAU-MUON ARRAY 

Recording  horizontal muons  
across a canyon or across a 
vulcano, waiting for rare,sudden 
horizontal airshower originated 
by a PeVs Horizontal Tau 
Airshower coming from the 
opposite side . 
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Muon array Detector 
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A COMPLEMENTARY 
ARRAY 

To test Vulcano or hazard geological  sites  

The   proposal is to combine array of 
horizontal Muon track detectors (around 
mountain vulcano) that inspect crossing 
muons across, while at same time may 
discover  rare up-going electromagnetic 
airshowers 
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Horizontal ARRAY  

The detector array maybe as usual 
scintillators and  as simple as Hawk 
like cilindrical water Cherenkov  
rooms, possibly dig inside the 
Vulcano inclined  walls yo screen 
them from noisy vertical showers. 
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Hawk 
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Conclusioni 

 

Stiamo incontrando l’astronomia dei 
UHECR? 

Connessione con le sorgenti? 

Astronomia dei PeV neutrini? 

Astronomia dei tau neutrini? 

Conosciamo i flavor? 

Beaming neutrinos and Tau Arrays may help 
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Pme 
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Eventi di nm e n¯m  
in assenza di 
oscillazione 
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Oscillazioni con i 
parametri di  
MINOS 2011 

5 10 15 20 25
0.0

0.2

0.4

0.6

0.8

1.0

Energy GeV

Oscillation probability for initial and ,

for CERN IceCube baseline Distance 11812 Km

CPT conserved

,

,

CPT violated
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Auger e gli sciami estesi di nt 

WB 
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La somma degli eventi  nell’intervallo da 6.3·1015 
a 2.9·1018 eV  

Numero di eventi previsti per 3 
anni in Auger 
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Prevedere  i flussi dei 
Neutrini atmosferici 

• Analisi dei dati atmosferici in DeepCore per 
discriminare tra gli scenari di violazione CPT 
 

• Calcolo degli eventi di n atmosferici a partire dal 
flusso 
 

• Calibrazione del calcolo sui dati di 
SuperKamiokande 
 
 

• Estensione a DeepCore e previsioni 
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Flusso dei n atmosferici 
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Sezione d’urto n N 
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Sezione d’urto n N 
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Calibrazione degli Eventi 
differenziali in SK 

SuperKamiokande 
Vtot = 22’458 m3 

Non dipende dall’energia 
Né dalla direzione di arrivo 

VFC 

Fully 
Contained 
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SK Volume (E,q) per eventi n  
Fully Contained 
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Per verificare il mio modello analitico, confronto le 
previsioni con gli Eventi nm Fully Contained in SK 
in funzione dell’energia: appurata la capacita’ di 

previsione 
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Verifica degli Eventi nm Fully Contained 
in funzione dell’angolo per finestra 

energetica: 1.33-10 GeV 

SKI + SKII + SKIII =  
1489 + 799+518 giorni 
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Volume efficace V(E) per Eventi nm in  
IceCube - DeepCore 

Volume  
in funzione di En 
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Da quanto sopra derivo le Previsioni  di Eventi nm in  
IceCube - DeepCore 
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Eventi nm in  
IceCube - DeepCore 
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Backup slide 
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Confronto degli  Eventi ne Fully 
Contained 

in funzione dell’energia 
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Tesi triennale teorica on: Unexpected  Icecube Neutrino Revolution 
Rivolgersi presso Prof. D.Fargion st: 113--0649914287 
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The Simplest- The Best 
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Array as large as Hawk 
But much much spread in few cluster each 
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Flux of a 10  EeV Tau Airshower 
at 100 meter from its axis 
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A PeV tau airshower  shine  
a tenth part of a thousand 

just a radius  



88 

Muon Radiography 
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Vulcan Radiography 
Comparison of muographic measurement results. 
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Sistema di 9 equazioni differenziali 
Pmt 
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Sistema di 9 equazioni 
differenziali 
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Sistema di 9 equazioni 
differenziali 
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continua 


