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Neutrino Neutrino AstrophysicsAstrophysics

Top Top questionsquestions in in astrophysicsastrophysics in in thethe
prepre--cosmologycosmology eraera::

•• HowHow do do starsstars workwork??

�� ThermonuclearThermonuclear reactionreaction ratesrates disagreedisagreewithwith neutrinoneutrino deficitdeficit

�� Central Central temperaturetemperature of 15.7+of 15.7+--0.3 100.3 1066 K K confirmedconfirmed byby helioseismologyhelioseismology

�� Neutrino Neutrino deficitdeficit duedue to to ννee

��

ννµµ oscill ationsoscill ations seenseen byby SNOSNO

•• HowHow do do starsstars evolveevolve??

�� CoreCore collapsecollapse producedproduced neutrinoneutrino burstsbursts

�� ConfirmedConfirmed byby observationobservation of of SN1987ASN1987A

Davis

Koshiba
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Top Top questionsquestions in in cosmologycosmology eraera

•• HowHow do do firstfirst starsstars form (form (PopII IPopII I)?)?

�� CollapseCollapse of massive of massive metalmetal--poorpoor starsstars involvesinvolves accretionaccretion diskdisk//jetjet phasephase
•• GRBsGRBs withwith nonthermalnonthermal neutrinoneutrino productionproduction (Schneider et al. 2002)(Schneider et al. 2002)
•• EnhancedEnhanced neutrinoneutrino fluxflux duedue to to progenitorprogenitor shellshell ((RazzaqueRazzaque et al. 2004)et al. 2004)

•• WhatWhat isis darkdark matter?matter?

�� Massive Massive weaklyweakly interactinginteracting relicsrelics

��

toptop--downdown productionproduction of of neutrinosneutrinos
•• CosmogenicCosmogenic SUSY (ElsSUSY (Elsäässer & Mannheim 2004)sser & Mannheim 2004)
•• Supermassive Supermassive darkdark matter (matter (CrottyCrotty 2002)2002)

•• WhatWhat isis darkdark energyenergy??

�� CouplingCoupling withwith scalarscalar fieldfield
•• EnergyEnergy scalescale of of darkdark energyenergy samesame as as ∆∆mmν  ν  ((PaesPaes et al. 2004)et al. 2004)
•• ModifiedModified neutrinoneutrino mixingmixing overover GpcGpc baselinesbaselines (Barenboim & (Barenboim & QuiggQuigg 2003)2003)

•• WhereWhere do do cosmiccosmic raysrays come come fromfrom??
•• PulsarPulsar wind wind nebulaenebulae ((NagatakiNagataki 2004)2004)
•• AGN AGN jetsjets

�� diskdisk photonphoton targettarget ((AtoyanAtoyan & & DermerDermer 2004)2004)

�� synchrotronsynchrotron photonphoton targettarget (Mücke et al. 2002)(Mücke et al. 2002)

•• GRB GRB jetsjets

�� Neutrinos Neutrinos fromfrom internalinternal and and externalexternal shockshock waveswaves ((DermerDermer 2000)2000)

�� Neutrinos Neutrinos fromfrom dirtydirty fireballsfireballs ((DermerDermer 2000)2000)
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InferingInfering neutrinoneutrino fluxesfluxes

Unknown magnetic field

e.m . cascading

isotropy
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CosmicCosmic rayray escapeescape in in magneticallymagnetically confinedconfined

sourcessources byby „„ neutronneutron bomb“bomb“
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GalacticGalactic sourcessources

•• ChemicalChemical compositioncomposition, , absenceabsence of of intergalacticintergalactic IC, and diffuse IC, and diffuse 
GalacticGalactic gammagamma rayray emissionemission supportssupports GalacticGalactic originorigin of of CRsCRs
up to up to kneeknee

•• CandidatesCandidates

�� Sun Sun 

�� OB OB associationsassociations withwith stellar stellar windswinds

�� ISMISM

�� GCGC

�� SNRSNR

�� MicroquasarsMicroquasars

�� PWNPWN
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TeVTeV--detectiondetection of of CasCas A A withwith HEGRA IACT HEGRA IACT arrayarray
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ExtragalacticExtragalactic sourcessources

•• GZK GZK cutoffcutoff

•• Hillas PlotHillas Plot

•• IsotropyIsotropy at > 10at > 101818 eVeV

•• Light Light chemicalchemical compositioncomposition
(?)(?)

•• GammaGamma--rayray sourcessources

�� AGN AGN jetsjets

�� GRBsGRBs

•• BolometricBolometric gammagamma rayray limitlimit
duedue to to cascadingcascading
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Γ=2 -15 (AGN jets )
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AGN AGN jetsjets: : cosmiccosmic
acceleratorsaccelerators of of 
UHE UHE cosmiccosmic raysrays??
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Gamma -ray background energy flux
� Φ(γ) ~ 10 �

% GeV /(cm  s st)
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Experimental Experimental upperupper limitslimits
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StructureStructure in in spectrumspectrum of of extragalacticextragalactic gammagamma rayray

backgroundbackgroundduedue to 500 to 500 GeVGeV neutralinosneutralinos ??
(Elsässer&Mannheim2004, PRL (Elsässer&Mannheim2004, PRL submittedsubmitted))
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CosmogenicCosmogenic highhigh--energyenergy neutrinoneutrino backgroundbackground

(Elsässer & Mannheim 2004, (Elsässer & Mannheim 2004, AphAph, in press), in press)
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SummarySummary
I.I. GuaranteedGuaranteed sourcessources ((GalacticGalactic diskdisk, Sun, GZK) , Sun, GZK) 

II .II . LikelyLikely steadysteady sourcessources at 100 at 100 TeVTeV ((KneeKnee--CRCR sourcessources, AGN), AGN)

ΦΦνν ~ [10~ [10--99--1010--1010] ] GeVGeV/(cm2 s)/(cm2 s)

III .III . OmnidirectionalOmnidirectional intensityintensity from 100 from 100 TeVTeV to GZK to GZK energiesenergies

IIνν ~ [5 10~ [5 10--88 -- 5 105 10--77] ] GeVGeV/(cm2 s sr) /(cm2 s sr) 

((duedue to to sourcessources of of extragalacticextragalactic cosmiccosmic raysrays and and γγ--rayray backgroundbackground))

IV.IV. GRB GRB contributioncontribution to Ito Iνν smallsmall ((unlessunlesssplendid splendid TeVTeV emittersemitters), ), neverthelessneverthelesslikelylikely
neutrinoneutrino sourcessources

V.V. NeutralinoNeutralino--inducedinduced cosmogeniccosmogenic tautau--neutrinoneutrino fluxflux at ~50at ~50--100 100 GeVGeV


