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SummarySummary

• Neutrino flavor changing may be asymmetric by 
CPT violation: different masses

• Muon into Tau may be different than anti-particle 
in oscillation (how to test it at best?)

• Beaming artificial neutrinos into Icecube Deep 
Core may solve the puzzle (and reveal Taus)

• Upward atmospheric neutrinos at 20 GeV may 
also show the CPT ..see..Deep Core soon 

• Neutrino Astronomy at 20s GeV is more clean
of noisy atmospheric background
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6 6 NeutrinosNeutrinos mixedmixed amongamong themselvesthemselves
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EnergyEnergy thresholdthreshold toto eacheach bornborn leptonsleptons 
6 6 differentdifferent neutrino neutrino astronomyastronomy
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MinosMinos , , JuneJune 2010: 2010: DifferentDifferent antianti--muonmuon neutrino neutrino 
mass and mixing?mass and mixing?
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ButBut SK ICHEP 24 SK ICHEP 24 julyjuly 2010 : …2010 : … 
No No reallyreally needneed of of anyany CPT CPT violationviolation??
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TauTau AppearanceAppearance in SK: in SK: stillstill no CPT no CPT signaturesignature??
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A first A first artificialartificial TauTau byby CernCern--OperaOpera 2010 2010 
experimentexperiment
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ToTo test test thisthis CPT CPT resultresult byby a new  a new  AntiAnti--OperaOpera??



fargionfargion--77--44--20112011 1010

OK.OK..from.from 1 1 tautau toto 1 1 antianti--tautau a a yearyear??

•Non convincing 
and not useful
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LargerLarger distancesdistances, , betterbetter split CPT split CPT 
violationviolation
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A A largerlarger energyenergy...a.a smallersmaller mixing and mixing and smallersmaller 
anisotropyanisotropy
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AngularAngular splittingsplitting on on upwardupward muonsmuons and and 
CPT CPT violatedviolated antimuonsantimuons
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FromFrom CernCern (or FNL)(or FNL)-- toto IcecubeIcecube 
distancedistance = 11812= 11812 angle 67angle 67::8282±     ±     2121::9  9  GeVGeV
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LongestLongest distancesdistances and and largestlargest 
detectorsdetectors : : CernCern DeepDeep CoreCore
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WhyWhy fromfrom CernCern--DeepDeep Core?Core?

• New proposal: to disentangle the different 
CPT mass splitting by the use of largest 
oscillation distances and largest detection 
energy of Deep Core, largest dilution but 
even more larger detection masses

• L (opera) 730 km ---L(Icecube) 12000 km
• M(Opera Kton)  --M( Icecube) 4 -8 Mton
• Conversion mix (Opera 1.5%)---(Icecube 100%) 
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IcecubeIcecube 1 1 aprilapril 20112011
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News News fromfrom the icethe ice
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WhyWhy DeepDeep Core? Core? IcecubeIcecube--usus
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WhyWhy DeepDeep Core? Core? IcecubeIcecube--usus
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A First A First useuse of of DeepDeep Core Core simulationsimulation forfor 
atmosphericatmospheric neutrino rate neutrino rate signalssignals in in DeepDeep CoreCore
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Our recent simulation on atmospheric muon
neutrino based on SK data..different arXivarXiv:1103.2642:1103.2642:  :  ForeseeingForeseeing Neutrino Neutrino spectraspectra in in DeepDeep CoreCore
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BEAMING FROM CERN TO OPERABEAMING FROM CERN TO OPERA 
Journal of Journal of PhysicsPhysics: : ConferenceConference SeriesSeries 203 203 (2010) 012013(2010) 012013
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AtmosphericAtmospheric Neutrino in Neutrino in DeepDeep Core Core 
withwith mixing and mixing and flavorsflavors
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Mixing Mixing 
in in 

MatterMatter 
MSWMSW
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unprojectedunprojected
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FNAL   FNAL   MinosMinos toto IcecubeIcecube
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Fermi Lab Fermi Lab MinosMinos SoudanSoudan

To
Deep Core Ice-Cube

To Minos
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mapsmaps

To ICE-CUBE

To Gran Sasso

Decay tunnel
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GeometryGeometry cerncern icecubeicecube

To Ice Cube

To Ice Cube
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R

Target

Alternative 
Target

Decay tunnel

Neutrino beam to Icecube Deep Core

0,55 0,60 0,65 0,70 0,75 0,80 0,85 Km

Cern---IceCube --- Tunnel :92m, depth: 85m

Hadron Stop
1st Muon detector
2nd Muon detector
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TauTau and and MuonMuon mixing mixing alongalong the the EarthEarth: : AtmosphericAtmospheric NeutrinosNeutrinos
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10 second a year- no atmospheric background 

μ

τ

τ
 

NC

Anti μ

Anti μ
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ConclusionsConclusions forfor 1% Opera 1% Opera likelike beamingbeaming 
CernCern or FNL or FNL toto IcecubeIcecube

• As shown in tables 6, 7, 8, we expect for CERN - IceCube- 
DeepCore scenario, even at 1% of Opera efficiency, a rate of 671 
tau like events (291 noise + 380 signal) a year, offering 14 sigma in 
one year of
experiment for tau neutrino appearance.

• On the other side the beaming of anti muon primary (as shown in 
tables 6,7,8) are leading to make very different signals: 337 
conserved versus 243 violated anti-tau scenario, with 145 neutral 
current noise events, offering a 5 sigma test of CPT 

• At the same time we will observe in the same detector 
positive (anti) muons either in suppressed oscillations, or 
enhanced for the the CPT violating mixing parameters: 
29 events (CPT conserved) versus 282 (CPT violated), 
leading toat least 15 sigma signicance to test of CPT 
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A new A new energyenergy windowswindows
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ConstellationConstellation versusversus 69 UHECR69 UHECR
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WhereWhere toto look in look in 
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ConclusionConclusion 22
• In conclusion let us remind that the whole IceCube 

contain an order of magnitude more 
photomultipliers (nine times Deep-Core). They may 
also play an additional amplify role. Beaming 
neutrino along the Earth may become a day, a new 
"faster than light" telegraph able to inform within 
0.04  seconds a message across the Earth, three 
times faster other radio-optical signals. Different 
application as the economy one may be of interest. 
Finally it may sound fun or ironic that the most 
largest experiments on Earth are needed to beam at 
longest distance, neutrino to largest detector in 
order to reveal tiniest lepton mass splitting, or the 
inner CPT secrets. However such an experiment 
even at 1% of Opera size, seem to us still an 
attractive and economic solution.
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• Thank you for the attention


	Neutrino Mixing and CPT violation�by 20 GeVs  beaming across the Earth and �atmospheric neutrino at Deep Core ��� Beaming neutrino and antineutrinos across the Earth … see: arXiv:1012.3245v1�DFargion,, Daniele D'Armiento, Paolo Paggi, Paolo Desiati��arXiv:1103.2642:  Foreseeing Neutrino spectra in Deep Core �Authors: Daniele Fargion, Daniele D'Armiento, Paola Di Giacomo, Paolo Paggi �arXiv:1101.1991:  A 20 GeVs transparent neutrino astronomy from the North Pole? �  
	Summary
	6 Neutrinos mixed among themselves
	Energy threshold to each born leptons�6 different neutrino astronomy
	Minos , June 2010: Different anti-muon neutrino mass and mixing?
	But SK ICHEP 24 july 2010 : …�No really need of any CPT violation?
	Tau Appearance in SK: still no CPT signature? 
	� A first artificial Tau by Cern-Opera 2010 experiment
	To test this CPT result by a new  Anti-Opera?
	OK..from 1 tau to 1 anti-tau a year?
	Larger distances, better split CPT violation 
	A larger energy..a  smaller mixing and smaller anisotropy
	Angular  splitting on upward muons and CPT violated antimuons
	From Cern (or FNL)- to Icecube distance = 11812       angle 67:82±      21:9  GeV
	Longest distances and largest detectors : Cern Deep Core
	Why from Cern-Deep Core?
	Icecube 1 april 2011
	News from the ice
	Why Deep Core? Icecube-us
	Why Deep Core? Icecube-us
	Slide Number 21
	A First use of Deep Core simulation for atmospheric neutrino rate signals in Deep Core
	Slide Number 23
	Slide Number 24
	BEAMING FROM CERN TO OPERA�Journal of Physics: Conference Series 203 (2010) 012013
	Atmospheric Neutrino in Deep Core �with mixing and flavors
	Slide Number 27
	Mixing in Matter MSW
	Slide Number 29
	unprojected
	Slide Number 31
	FNAL   Minos to Icecube
	Fermi Lab Minos Soudan 
	maps
	Geometry cern icecube
	Slide Number 36
	Tau and Muon mixing along the Earth: Atmospheric Neutrinos
	Slide Number 38
	Conclusions  for 1% Opera like beaming�Cern or FNL to Icecube
	Flux Number
	A new energy windows
	Slide Number 42
	Where to look in 
	Slide Number 44
	Conclusion 2
	Slide Number 46

