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� UHECR (if proton) may  paint a new Astronomy
� AUGER  Nov 2007  claimed such a GZK Sky Map
� However following composition and Virgo Absence
� UHECR Maps  hint (to us) a  light nuclei : He scenario
� Consequence: A very narrow Universe AUGER view
� The GZK – UHE cosmogenic neutrino flux EeV fade
� UHECR He-Li-Be nuclei fragment  in tens EeV and 

making  tens PeVs neutrinos GZK
� Neutrino mass and mixing- the νµ versus ντ appearence
� Lightest Nuclei versus UHE spectra: EeV to PeVs
� Foreseen Event rates and Detection   in AUGER and 

HEAT-AMIGA

OutlookOutlook
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helium
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Solving Auger puzzle:
UHECR   GZK distances: the Virgo Absence
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Sky over South: GC versus  CenASky over South: GC versus  CenA
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NormalNormal GalacticGalactic coordinate coordinate viewview
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SienaSiena--0404--1010--0808--Fargion D,Vertical Fargion D,Vertical 

forfor HorizontalHorizontal Tau NeutrinoTau Neutrino 77

Lund ObservatoryLund Observatory COBECOBE

UHECR versus Radio Sources: A new Nearby Astronomy
within GZK volume.   The Supergalactic Plane at 80 Mpc?
The VIRGO missing– CEN-A  imprint at the AUGER map
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New New MapMap HepHep JulyJuly 20092009
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UnderstandingUnderstanding the radio  versus the radio  versus 
UHECR  UHECR  AugerAuger 2007 2007 mapmap
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AUGER HEP 2009 AUGER HEP 2009 ––and OLDand OLD
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AugerAuger--HiresHires--FieldField 2800 BL 2800 BL LacLac
MostMost wellwell far far fromfrom GZK GZK UniverseUniverse
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10% UNIVERSE 10% UNIVERSE sizesize
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WiderWider clusteringclustering in Cenin Cen--A ?A ?
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UnivUniv--5858--MapMap--no no naturalnatural
LocalLocal GZK GZK sourcessources
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SGPlaneSGPlane
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CoherentCoherent and and RandomRandom deflectionsdeflections
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GZKGZK-- Nuclei Nuclei differentdifferent cutcut--offoff
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1. AUGER 1. AUGER CompositionComposition puzzlepuzzle
AUGER AUGER Michael Unger , Pierre Michael Unger , Pierre AugerAuger 2007 2007 
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ClusteringClustering alongalong CenACenA
and and absenceabsence of of VirgoVirgo
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CenCen A A clusteringclustering byby last  ICRC09 AUGER (last  ICRC09 AUGER (unpublishedunpublished)  )  MapsMaps AlmostAlmost
37% 37% ++-- 10%10% on 2007 and 31% on 2007 and 31% ++--9%9% on 2009: on 2009: a a persistentpersistent 1/3  1/3  signalsignal
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CoherentCoherent and and randomrandom bendingbending
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RandomRandom slalom on slalom on galacticgalactic armsarms
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HeHe--BeBe--BoBo LightestLightest NucleiNuclei
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OldestOldest and and recentrecent compositionscompositions
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AugerAuger--HiresHires--ICRCICRC 0909
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CompositionComposition AUGERAUGER--HiresHires TaupTaup--BloisBlois--HepHep 0909
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2. VIRGO ABSENCE and 2. VIRGO ABSENCE and CEN_ACEN_A
largelarge spread spread eventsevents

�� The The absenceabsence of VIRGO cluster led of VIRGO cluster led GorbunovGorbunov (and (and usus) ) 
puzzledpuzzled. . WhereWhere isis VirgoVirgo in UHECR in UHECR mapmap??

�� WhyWhy GZK cut GZK cut earlierearlier thanthan expectedexpected 100 100 EeVEeV forfor protonproton
�� A  spread of A  spread of multipletmultiplet alongalong nearnear < 4 < 4 MpcMpc Cen_ACen_A : : 

maybemaybe no no signalssignals more   far more   far thanthan 10 10 MpcMpc?  The ?  The protonproton
and Fe and Fe mustmust come come fromfrom farerfarer distancesdistances. . ConclusionConclusion
31.12.2007:31.12.2007:
ÆÆConsequencesConsequences on Neutrino on Neutrino SpectraSpectra and and FluxFlux
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Last archive 0908.2650
� Coherent and random UHECR 

Spectroscopy of Lightest Nuclei along
CenA:     Shadows on GZK Tau 
Neutrinos spread in a near sky and 
time             earlier papers

� LIGHTEST NUCLEI as He, Be 
maybe the main signals (DF. Physica 
Scripta 2008, DF et al Nucl PhyB 09)
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The UHECRThe UHECR--UHE neutrino UHE neutrino 
ConnectionConnection

�� UHECR UHECR MapMap maymay mimicmimic a UHE a UHE nunu mapmap
�� UHECR UHECR CompositionComposition implyimply GZK GZK nunu
�� Versus  UHE nu spectraVersus  UHE nu spectra
�� UHE Neutrino GZK different mapsUHE Neutrino GZK different maps
�� UHE Tau Neutrino discover at AUGER  andUHE Tau Neutrino discover at AUGER  and

Hires Fluorescence Hires Fluorescence telescopestelescopes
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SienaSiena--0404--1010--0808--Fargion D,Vertical Fargion D,Vertical 

forfor HorizontalHorizontal Tau NeutrinoTau Neutrino 3030

First new First new predictionspredictions forfor HeHe
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Less EeV more tens PeV
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No one No one butbut 6 6 NeutrinosNeutrinos AstronomyAstronomy
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PhotonsPhotons versus versus CosmicCosmic RaysRays (UHECR)(UHECR) and and 
UHE neutrino UHE neutrino AstronomyAstronomy
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UHE Neutrino UHE Neutrino AstronomyAstronomy

�� Electron Electron trackstracks: : tootoo short; short; goodgood forfor MeVsMeVs--GeVsGeVs
�� MuonMuon trackstracks , fine at , fine at TeVTeV, , pollutedpolluted fromfrom aboveabove;;
�� MuonMuon neutrinosneutrinos aboveabove tenstens TeVTeV opaqueopaque fromfrom EarthEarth

belowbelow. ICE . ICE cubecube notnot at best at best forfor horizontalhorizontal, , wherewhere , , 
anywayanyway,  ,  promptprompt atmosphericatmospheric neutrino neutrino noisenoise alsoalso shineshine..

�� Tau Tau aboveabove PeVsPeVs up up toto tenstens EeVEeV maymay skimskim at at horizonshorizons: : 
No No atmosphericatmospheric noisenoise aboveabove tenstens TeVTeV..

�� Tau Tau escapingescaping a mountain or the a mountain or the EarthEarth maymay decaydecay in in 
flight flight leadingleading toto anan amplifiedamplified Tau Tau AirshowersAirshowers ((hugehuge))
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D.Fargion The Astrophysical 
Journal,570,p.909. 2002

ICRC 1999-Salth Lake_US
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Because mixing, even a minimal neutrino  mass
splitting guarantees the flavour transformation
from Muon Neutrinos to the Tau Neutrinos.
Galactic and cosmic distances are huge respect
neutrino oscillation lenghts. Tau  neutrinos are 
born by Muons ones

8.3 pc
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Long Long exaustedexausted-- ShortestShortest HardestHardest
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InnerInner EarthEarth : Rock and: Rock and--or or SeaSea
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Volume of Tau updateVolume of Tau update
EnergeticEnergetic ((redred rockrock--blue water)blue water)

DFargionDFargion--D.DD.D’’armientoarmiento 0909
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UpdatedUpdated EventEvent rate 3  rate 3  yearsyears AUGER  AUGER  FluorescenceFluorescence –– Night time 10%Night time 10%
.Dashed green : present Auger  energy threshold. Green edge: AMI.Dashed green : present Auger  energy threshold. Green edge: AMIGAGA--

HEAT  thresholdsHEAT  thresholds
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Tau Tau AirAir--ShowersShowers: : AstronomyAstronomy versus versus 
ElementaryElementary ParticleParticle TauTau

D.Fargion The Astrophysical Journal,570,p.909. 2002
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SienaSiena--0404--1010--0808--Fargion D,Vertical Fargion D,Vertical 

forfor HorizontalHorizontal Tau NeutrinoTau Neutrino 4242

The Ande Mountains The Ande Mountains asas a target  a target  forfor detectingdetecting UHE neutrino tau  UHE neutrino tau  byby
HorizontalHorizontal AirAir--ShowersShowers at AUGER:at AUGER:

ANDE  ANDE  SHADOWsSHADOWs (ring (ring maskmask at at horizonshorizons) on GZK ) on GZK CosmicCosmic RaysRays fromfrom
West and Young West and Young HorizontalHorizontal Tau  Tau  AirAir--ShowersShowers at at EeVsEeVs

D.Fargion The Astrophysical Journal,570,p.909. 2002

ννττ

ττ
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MAGIC , while pointing a GRB , SGR  or  BL Lac
Below The  Horizons (~ 1% of the  GRB-SGRs

events ) on rock behave (near EeV � �  

energy) as a 75 km3 NEUTRINO  TELESCOPE

L �   ��   
km w.e.l t = 0.5   km w.e.

Horizons distance d= 167 km √(h/2.2 km) Cerenkov
Shower opening angle  ~ 0.3°

Inclined Rock Cilinder depth L � ~ 10 km

Inclined Conic Rock  Base Area    A ~ 3*50 =150 km2

Rock Cilinder depth l t ~ 0.5 km w.e.

astro-ph/0511597
D. Fargion
Progh.Part.Nucl.Phys.57
(2006) 384-393.

ννττ
ττ
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DetectorsDetectors extendedextended in in deepdeep valleyvalley :  :  
ARGOARGO--TibetTibet--TheThe NearNear ValleyValley

νν
ττ

ττ

ννττ

ττ
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ννττ TausTaus and Antiand Anti--ννe    e    intointo TausTaus::
TestingTesting CPT in CPT in ourour UniverseUniverse

0 0.25 0.5 0.75 1 1.25 1.5
Θ �rad�

1.�10�23

1.�10�21

1.�10�19

dNΤ���������������������������������������������
dΘ d� dt dA dE

E �cm�2 sec�1 sr�1
�

Upward Tau Air Showers from Earth ,   Authors: D. Fargion, et al. 
Journal-ref: Astrophys.J. 613 (2004) 1285-1301 ;

Nuclear Physics B. (Proc.Suppl.) 136 (2004) 119-128 
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SienaSiena--0404--1010--0808--Fargion D,Vertical Fargion D,Vertical 

forfor HorizontalHorizontal Tau NeutrinoTau Neutrino 4646

D.F.2004-6

G Z K
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LAST  LAST  augerauger icrcicrc 20092009
versus versus ourour expectationsexpectations

GZK  ν τ pair,  

HEAT and AMIGA
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HadronHadron AirAir--ShoweringShowering at far at far 
horizonshorizons versus Tau versus Tau upgoingupgoing nearbynearby
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In In ConclusionConclusion, , whilewhile Nuclei Nuclei shineshine up up HorizontallyHorizontally, , 
upup--wardward Tau Tau airair--ShowerShower rise  rise  byby a Neutrino Sky under a Neutrino Sky under ourour ownown SkySky

:: the the EarthEarth ….Within a few ….Within a few yearsyears in AUGERin AUGER--AMIGAAMIGA--HEAT FDHEAT FD

ννττ ττ

ννττ

ττ

P, 
He

P, 
He
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SummarySummary
� Tau Neutrino Astronomy by UHECR GZK at edge
�AUGER  Maps at UHECR may hint 
for UHE tau Neutrino at EeV (nucleons)
�UHECR Mass Composition and Cen-A 
dominance hint for UHE Helium-Li-Be nature. Tails of
FRAGMENT  CLUSTERING at 15-45 EeV.
� Consequence in UHE neutrino spectra at tens PeV.
� Detection at hand in AMIGA and HEAT at best
via Fluorescence Tau air-showers
� Soon EeV-maybe- earlier : Tens-PeV tau neutrino.

�Thank you  
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WhereWhere toto readread moremore
�� arXivarXiv:0905.1517:0905.1517
�� Achievements and Achievements and MiragesMirages
�� in in UhecrUhecr and Neutrino and Neutrino AstronomyAstronomy

�� D.FargionD.Fargion, , D. D'ArmientoD. D'Armiento
�� arXiv:0902.3290arXiv:0902.3290

�� Title: Lightest Nuclei in UHECR versus Tau Neutrino Title: Lightest Nuclei in UHECR versus Tau Neutrino 
AstronomyAstronomy

�� D. D. FargionFargion etet al. / al. / NuclearNuclear PhysicsPhysics B (Proc. Suppl.) 190 B (Proc. Suppl.) 190 
(2009) 162_166 (2009) 162_166 

�� arXivarXiv:0801.0227:0801.0227
��Light Nuclei solving Auger Light Nuclei solving Auger puzzlespuzzles..
The CenThe Cen--A imprintA imprint
�� Authors: Authors: D. D. FargionFargion
�� JournalJournal--ref: Phys. ref: Phys. ScrScr. 78 (2008) 045901. 78 (2008) 045901
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�� ThankThank youyou
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EventEvent NumNum in EUSO 3 in EUSO 3 yearsyears
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