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Showers at Horizos and Array in Space  
for Neutrino Astronomy

The rise of a New UHECR Spectroscopy and a New 
High Energy Neutrino  Astronomy
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YesYes , at , at leastleast the non the non relativisticrelativistic SolarSolar windwind
rainingraining on the on the EarthEarth top top atmosphereatmosphere

May we see Cosmic Rays by our eyes?
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WhyWhy a new AIRa new AIR--SHOWERS SHOWERS SpectroscopySpectroscopy ??
LetLet usus seesee a a verticalvertical one  :one  :CorsikaCorsika simulationsimulation
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HorizontalHorizontal Air Air ShowersShowers ::
A new A new CosmicCosmic RayRay FrontierFrontier

• A New mountain of views
• The Iceberg peak of a New Cosmic Ray

Spectroscopy

Neutrino and UHECR Air-showers telescopes versus

Muon lepton tracks. Atmospheric
Versus astrophysical signals:
The vertical downward pollution
versus the upward Earth opacity

ννττ
ττ
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TuningTuning toto Air Air ShowersShowers byby atmosphereatmosphere filterfilter
at at differentdifferent anglesangles and and altitudesaltitudes
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WhyWhy Neutrino Neutrino astronomyastronomy? ? 
ForFor New New UniverseUniverse WindowsWindows

Lund ObservatoryLund Observatory COBECOBE
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6 6 NeutrinosNeutrinos in search of in search of anan AuthorAuthor and and anan AstronomyAstronomy
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Relic Neutrinos: a hot dark-matter candidate cloud target for 
UHE neutrinos: the Z-Burst Model

like GZK cut off : Lighter  neutrino mass-Larger Halos

2° 
October1997

astro-
ph/9710029
D.Fargion, 

B.Mele, 
A.Salis

Astrophys.J.
517 (1999) 

725-733
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ZZ--BurstBurst byby Z Z bosonsbosons in neutrino  in neutrino  pairpair
scatteringscattering
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((dNdN/(/(dAdA dEdE dtdt ddΩΩ) ∗ Ε) ∗ Ε22 ) : ) : DifferentialDifferential FluxFlux EnergyEnergy
For a minimal  0.05  eV mass one may foresee a bump of UHECR at ZeV



Why Horizontal – Upward Tau Showering is
so much linked to neutrino mass and mixing ?
Because mixing, even for minimal masses
guarantee the flavour transformation from Muon
Neutrinos to the Tau Neutrinos.
Galactic and cosmic distances are huge respect

oscillation lenghts.

8.3 pc
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Why Horizontal – Upward Tau air-
showers are easier to be revealed

than muon tracks ?

Because an air- shower is amplified
By its huge secondary number.
Millions muons, billions gamma and e-pairs
trillions or more Cerenkov photons.

Muon is single, alone and shine little.
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D.Fargion The Astrophysical 
Journal,570,p.909. 2002

ApJ 613, 1285-1301, 2004
D. Fargion,  P. De Sanctis Lucentini, 
M. De Santis, M. Grossi ;  hep-ph/0305128

26th ICRC,26th ICRC,HeHe 6.1.09, p6.1.09, p.396.396--398.1999.398.1999.

D.Fargion. The role of tau neutrino... astro-ph/9704205
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The The EarthEarth actact asas a a beambeam dumpdump
and the and the atmosphereatmosphere asas a a calorimetercalorimeter

toto amplifyamplify the the TauTau AirAir--ShowerShower

Charged current:

Neutral current:

( ) ( ) ....,, +→+ +− llNll νν

( ) ( ) ....,, +→+ llll N νννν
GlashowGlashow ResonanceResonance(E = 6.3 × 10(E = 6.3 × 101515 eVeV):):

 →→+ −− Weeν Cascade
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TauTau AirAir--ShowersShowers: : AstronomyAstronomy
versusversus ElementaryElementary ParticleParticle TauTau

ChannelsChannels ModesModes



LaThuileLaThuile--07March200607March2006--
D.Fargion@roma1.infn.itD.Fargion@roma1.infn.it 1616

WhyWhy HighestHighest EnergyEnergy unstableunstable TauTau
are more are more penetratingpenetrating thanthan H.E.H.E. muonsmuons??



LaThuileLaThuile--07March200607March2006--
D.Fargion@roma1.infn.itD.Fargion@roma1.infn.it 1717

MuonsMuons are old , are old , TausTaus are are youngyoung..

• More than 54 paper on Taus,600 references

• Feng,Wilzeck,Reno,Yoshida,Zas,Cao...
• Many on going experiment can or may

test Taus:
• AUGER- MAGIC-EUSO-MILAGRO-

ARGO-ASHRA-NEVOD-ICRUS-
FLARE- SHALON and future CROWN 
ARRAYs
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DetectorsDetectors extendedextended in in deepdeep valleyvalley :  :  
ARGOARGO--TibetTibet

νν
ττ

ττ

ννττ

ττ
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The Ande The Ande MountainsMountains asas a target  a target  forfor detectingdetecting UHE UHE 
neutrino neutrino tautau byby HorizontalHorizontal AirAir--ShowersShowers at AUGER:at AUGER:
ANDE  ANDE  SHADOWsSHADOWs on GZK on GZK CosmicCosmic RaysRays fromfrom West and West and YoungYoung

HorizontalHorizontal TauTau AirAir--ShowersShowers at at EeVsEeVs

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

νν
ττ

ττ
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The Ande The Ande ShadowsShadows on AUGERon AUGER

Pastor et. All 2005
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EffectiveEffective Volume Volume AreasAreas forfor UptausUptaus
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Earth Opacity  by Earth Opacity  by InnerInner EarthEarth
Density StructuresDensity Structures
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ExpectedExpected TauTau
events at events at 

different angles.different angles.
GZKGZK input input 

neutrino fluxneutrino flux
Rock 

WaterWater

Rock

astro-ph/0501033
astro-ph/0409460
Nucleare Phys B 
D.Fargion, M.Grossi, 
M.De Santis, 
P.G. de Sanctis Lucentin
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ExpectedExpected µµ±±

events by events by 
TauTau Air Air 

ShowersShowers
((HortausHortaus))
GZK input GZK input 

neutrino flux.neutrino flux.

Rock 

Water

Rock

astro-ph/0501033
astro-ph/0409460
Nucleare Phys B 
D.Fargion, M.Grossi, 
M.De Santis, 
P.G. de Sanctis Lucentin
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MilagroMilagro: : TeVTeV gamma on gamma on verticalvertical
and and MuonMuon bundlebundle byby tautau on on 

horizonshorizons

ννττ

ττ

νν
ττ

ττ
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JungfraujochJungfraujoch , the top of , the top of EuropeEurope
A crown A crown arrayarray aroundaround

ννττ

ττ

νν ττ

ττ

M.Iori,A.Sergi,D.Fargion
Astro-ph 0602108, 2006
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SOFIA SOFIA airplaneairplane InfraredInfrared Lab.Lab.
searchingsearching forfor CherenkovCherenkov flashesflashes at at EarthEarth edgesedges

ννττ
ττ
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WhereWhere toto go go toto look at best look at best forfor
UpwardUpward TauTau AirAir--ShowersShowers ??
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The EUSO The EUSO telescopetelescope seeingseeing Hortaus in wide FOV: Hortaus in wide FOV: 
tenstens of of eventsevents in in threethree yearsyears

The Effective Air Mass 
obtained for the EUSO 
telescope: 1000 km  cube3

ApJ 613, 1285-1301, 2004

D. Fargion,  P. De Sanctis
Lucentini, M. De Santis, M. 
Grossi ;  hep-ph/0305128
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ArrayArray detectorsdetectors in Space Station in Space Station toto
track track HorizontalHorizontal AirAir--ShowersShowers

Arrays is Space to detect Upward Tau and Highest Altitude Showers
D. Fargion 27th ICRC 2001, HE1.8, Vol-2, Germany, Pag. 903-906, 2001



ElectroElectro--magneticmagnetic ShowerShower profileprofile

Cillis et al.2001
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WhereWhere and and howhow toto seesee HorizontalHorizontal
AirAir--ShowersShowers

µ
ννττ

ττ
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Old and Old and YoungYoung ShowersShowers ImprintImprint in a  Magic in a  Magic 
ViewView
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WhatWhat isis Magic ?Magic ?
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ShoweringShowering Up Up -- Down on MAGIC Down on MAGIC HorizonsHorizons ::
CosmicCosmic RaysRays at at PeVsPeVs ––EeVsEeVs energyenergy versusversus

GlashowGlashow ResonantResonant 6.3 6.3 PevsPevs and and TauTau EeVsEeVs AirAir--ShowersShowers
Muon’Muon’ s s RingsRings and and ArcsArcs, Gamma , Gamma LateralLateral TracesTraces::

Fan Fan ––likelike HorizontalHorizontal ShowerShower
µ

µ

µ
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CerenkovCerenkov Color Color FilteringFiltering::
A test of the A test of the ColumnColumn DepthDepth

CerenkovCerenkov ParentalParental ShoweringShowering TimingTiming versusversus
MuonMuon andand--or Gamma or Gamma minimini--flashesflashes : : AdditionalAdditional metermeter
on on columncolumn depthdepth
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Horizons distance d= 167 km v(h/2.2 km)
Cerenkov Shower opening angle  θ  ~ 1°

Conic Air Base Area    A ~ 30 km 2

Truncate Air Cone height h ~ 100 km

Truncate Air Cone Volume V  ~ 1000 km 3

Truncate Cone Mass M ~ 1 km 3

MAGIC , while pointing a GRB or a SGR  Burst at 
Horizons (~ 3% of the  GRB-SGRs events ) behave

as a km3 NEUTRINO  TELESCOPE 

astro-ph/0505459
Neutrino Astronomy beyond

and beneath the Horizons
: D. Fargion
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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 n t  

energy) as a 75 km3 NEUTRINO  TELESCOPE

L t = 10   km w.e.l t = 0.5   km w.e.

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

Inclined Rock Cilinder depth L t ~ 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
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AnAn ArrayArray of  Magic Crown of  Magic Crown ArraysArrays on the topon the top
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WeWe alsoalso propose propose todaytoday: NEVOD,ICARUS,: NEVOD,ICARUS,FLAREFLARE or UNO  or UNO  
in crown in crown arraysarrays on peak  on peak  mountainsmountains tracingtracing UpwardUpward

HorizontalHorizontal AirShowersAirShowers

νν
ττ ττ
νν
ττ

ττ

ττ

ττ
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Neutrino and SUSY Neutrino and SUSY AstronomyAstronomy
ShoweringShowering in Air and inside in Air and inside EarthEarth

χ0 + e- ?L
- χ0 + e-

νe + e- W- l - + νl

X

νl + ? l + X

ντ + ? τ + X ,   τ  hadronic or electromagnetic shower,

Tau Air-Showers and Double Bang in flight

νl + ? l + q
~ ~ hadronic or electromagnetic Stau Air   

showers : see hep-ph/0312197, by
I. Albuquerque, G. Burdman, Z. Chacko

A.Datta, D.Fargion, B. Mele
hep-ph/0410176,JHEP 2005

Glashow Resonant Anti
Neutrino electron 
Astronomy

Charged Current nuclear interactions
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UpwardUpward TauTau AirAir--ShowerShower
or or HorizontalHorizontal at at PeVsPeVs and and EeVsEeVs

ννττ

ττ



LaThuileLaThuile--07March200607March2006--
D.Fargion@roma1.infn.itD.Fargion@roma1.infn.it 4343

EarthEarth skimmingskimming neutrino and neutrino and TauTau AirShoweringAirShowering::
Are Are therethere correlationscorrelations betweenbetween EarthEarth CrustCrust ContrastContrast and and 

birth birth placeplace of of TerrestrialTerrestrial Gamma Gamma FlashesFlashes??

Gravity Anomaly

0° 30° 60° 90° 120° 150° 180° 210° 240° 270° 300° 330° 360°

Longitudine

La
tit

ud
in

e

TGF

Batse data  TGF:1991-2000: 78 Upward gamma flashes…

RHESSI 2005:RHESSI 2005:…Counter…Counter--intuitivelyintuitively, , thesethese strong gamma strong gamma outburstsoutbursts alsoalso seemseem
toto precede precede associatedassociated lightninglightning dischargesdischarges byby a split a split second…second….Tau trigger?
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UpwardUpward Neutrino Neutrino TauTau FluxFlux derivedderived
byby BATSE TGF data 1991BATSE TGF data 1991--20002000
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ConclusionsConclusions

1. Horizontal High Energy Cosmic Rays are well observable at 
Magic Horizons at a rate of hundred (ten PeV) or a few (0.2 
EeV) a night offering first  CR  Spectroscopy.

2. Neutrino Astronomy at Glashow resonance at sight by
Crown array: experiment in progress (Italy-China-USA)

3. Tau Air-Showers observable in  West Side Story Shadows at 
Auger now days.. Shadows 2006- Tau 2008? 

4. Dozens of Tau Air Showers by GZK neutrinos from Earth
observable by EUSO and OWL .

5. EeV Tau and Glashow showers in present Magic Upward
Horizons during BL Lac, GRB or SGR : Already a km3 ν 
cube detector  for Glashow resonance and 75 km 3  at EeV.

6. SUSY Resonant Showering on the edge as well
7. Enhancement of TeV gravity to expected Nu event rate
8. Are TGF  triggered by Up-Taus and Hor-Taus already testing

and  already recording GZK and WB neutrino fuxes?
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In In summarysummary: The Neutrino : The Neutrino SkySky isis justjust
the the SkySky of the of the SkySky..  ..  OurOur EarthEarth

ννττ

ττ

νν ττ

ττ

ννττ

ττ
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ThankThank youyou forfor the the attentionattention
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ENDEND
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EarthEarth SkimmingSkimming = = TauTau AirShowersAirShowers
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WhereWhere notnot toto go go forfor search search forfor airair--showersshowers
NotNot Air.Air..No.No.. .. ShowersShowers
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Multi Multi ShowersShowers SignaturesSignatures: : ShadowsShadows of of 
HorizontalHorizontal AstronomiesAstronomies fromfrom the topthe top

D.Fargion : astro-ph/0502017

ννττ ττ
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AllAll particleparticle fluxflux ((dNdN//dAdA dEdE dtdt ddΩΩ * E ):* E ):
PhotonsPhotons versusversus C.R.C.R. and  and  NeutrinosNeutrinos AstronomyAstronomy
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High High EnergyEnergy Neutrino Neutrino AstronomyAstronomy
are a are a MustMust just behind the cornerjust behind the corner

• Solar,Supernovae Neutrino Astronomy are probed.
• Cosmic rays flux as rich as BBR, being charged, are 

bent and smeared, blinding most CR astronomy.
• UHECR are direct, but BBR cut them, GZK cut , locally.
• UHECR themselves must produce GZK- EeV neutrinos. 
• AGN, GRBs, Star Burst Galaxy must also produce PeV neutrinos.
• UHE neutrinos must emerge above atmospheric

neutrino noises: muons tracks and tau showers by their
decay in flight (double bang) are their best  trace.
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SolvingSolving UHECR and GZK puzzle UHECR and GZK puzzle 
byby ZZ--BurstBurst and and relicrelic neutrino mass: 0.4 neutrino mass: 0.4 eVeV

astro-ph/0107094, (astro-ph/0107203.)


