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TALKS you should have heard  - yesterday 

E. HAYS: High Energy Astrophysics with the Fermi LAT 
B. HUMENSKY: Highlights of Gamma-ray Astronomy with VERITAS 
C. COVAULT: Pierre Auger Observ. South & North: Results & Future 
R. HUGHES: Search for Anisotropy in the Flux of CRs w/ Fermi LAT 
P. SMITH: Prospects for Measuring CR Proton Spectrum w/ Fermi LAT  

TALKS you should hear – this afternoon 

R. DICKHERBER: Indirect Dark Matter Search with VERITAS 
D. PHALEN: Pulsars and Indirect Signals for Dark Matter 
T. DEYOUNG: Recent Results from IceCube and AMANDA 



AstroParticles!

Detection  Points to 
Source 

Energy Range 
Observed 
(Expected) 

γ 
Gamma Rays 

Easy Yes 10-9 eV to 1014 eV 
(>1019 eV) 

CR 
Cosmic Rays 

Easy Only above  
6 1019 eV (?) 

108 eV to 1020 eV 
(>1020 eV) 

ν 
Neutrinos 

Hard Yes 
(1015eV to 1019eV) 



New Eyes!
Gamma-Rays!

MAGIC II 

HESS II 

VERITAS 

IACT –  
Imaging Atmospheric  
Cherenkov Telescopes 
~1010 to <1014 eV 

Fermi 

Milagro 
~1014 eV 



New Eyes!
Gamma-Rays!

MAGIC II 

HESS II 

VERITAS 

Fermi GST 
LAT: 

20 MeV - >300 GeV 
GBM 

8 keV - 40 MeV  

Fermi 

Milagro 



New Eyes!
γ, Cosmic-Rays!

PAMELA 

MAGIC II 

HESS II 

VERITAS 

Pierre Auger  
Observatory 

Milagro 



New Eyes!
γ, Cosmic-Rays!

PAMELA 

MAGIC II 

HESS II 

VERITAS 

Pierre Auger  
Observatory 

Milagro 

Satelitte 
50 MeV to 500 GeV 

Ground Array & Fluorescence 
1017 eV to 1020 eV 



New Eyes!
γ, CRs, Neutrinos!

PAMELA 

MAGIC II 

HESS II 

VERITAS 

Pierre Auger  
Observatory 

IceCube 

ANITA 

Milagro 



Goals of the Field!

•  To understand Nature’s HE Accelerators!
•  To use Cosmic Particles to study HE interactions!
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Nature’s HE γAccelerators!
Extragalactic Galactic 

PSR J2021+3651 
0FGL J0634+1745 

Supernova  
remnants 

Unidentified 

Pulsar wind  
nebulae 

GR Pulsars 

Stellar  
clusters Krennrich, Hoffman TeVPA09 



TeV γCatalog (IACT sky)!
> 75 sources!

Hoffman TeVPA09 



Fermi Gamma-Ray !
Space Telescope!

Blandford TeVPA09 



3 Month High Confidence Source List!

•  205 sources with significance > 10σ (EGRET found fewer than 30) !
•  Typical 95% CL error radius is <10 arcmin!

(Abdo et al. 2009 ApJS, 183, 46)!
Chiang TeVPA09 



9 months – all sky!



Fermi Pulsars!



Fermi - Individual AGNs !

3C 454.3 

PKS 1502+106 

PKS 2155-304 

NGC 1275 

PKS 1454-354 

PMN J0948+002 



Variable sources in the LAT Bright Source List!

•  Based on 1 week time scales!
•  68/205 show variability with probability > 99%!
•  Isotropic distribution ⇒ blazars!

Chiang TeVPA09 



Fermi + ACT!

How do supermassive black holes in Active 
Galactic Nuclei (AGN) create powerful 
relativistic jets? What are the jets?!

What are the mechanisms of Gamma-ray Bursts?!
What are the unidentified EGRET sources?!
What is the origin of Galactic Cosmic Rays? 

SNRs? What are the Pevatrons?!
What is the Extragalactic background light?!



Goals of the Field!

•  To understand Nature’s HE Accelerators!
•  To use Cosmic Particles to study HE interactions!



Dark Matter !
Indirect Searches!

•  Annihilation signal!



Dark Matter !
Indirect Searches!

•  Annihilation signal!
γ from DM annihilation in 
 Galactic substructure – 
 Siegal-Gaskins ‘08 



Dark Matter !
Indirect Searches!

Galactic Center!



Dark Matter:!
Dwarf Spheroidals!
•  Annihilation signal!

Murgia TeVPA09 



Dark Matter:!
Dwarf Spheroidal UL!

•  Annihilation signal!

Murgia TeVPA09 



Dark Matter & GeV EGRET excess?!



Dark Matter & GeV EGRET excess?!

•  Fermi says: No!

Murgia TeVPA09 



Dark Matter & LE Cosmic Rays?!



Cosmic Ray !
Spectrum!

108 eV < E < 1011 eV !
  Solar Modulation !

1011eV < E < 1017.5-18.5? eV !
  Galactic Propagation!

1017-19eV < E < 10 20 - 2? eV !
  Extragalactic Sources!



Each Energy !
range tells 
its story!

108 eV < E < 1011 eV !
Solar Modulation!

Pamela & ATIC !
Dark Matter? Pulsars? !

Barger et al 08 



Dark Matter & LE Cosmic Rays?!
•  Fermi says: No to ATIC! CR electron spectrum!

Murgia TeVPA09 



Dark Matter & LE Cosmic Rays?!
•  Data consistent with astrophysical sources 

(pulsars SNR) + CR propagation.!

Murgia TeVPA09 



Krennrich TeVPA09 



Cosmic Ray !
Spectrum!

108 eV < E < 1011 eV !
  Solar Modulation !

1011eV < E < 1017.5-18.5? eV !
  Galactic Propagation!

1017-19eV < E < 10 20 - 2? eV !
  Extragalactic Sources!



Engel’08 

knee 

ankle 



UHE CRs (+ photons & neutrinos)!

•  To understand Nature’s Highest Energy 
Accelerators (EXTRAGALACTIC)!

•  To use UHE Cosmic Particles to study HE 
interactions (~ 350 TeV CM)!



Pierre Auger Observatory!

See C Covault’s talk 



Auger & HiRes spectra (2008)!



GZK effect!
Greisen, Zatsepin, Kuzmin 1966!

 p +γcmb→ Δ+ → p + π0  

             → n + π + 



Auger & HiRes spectra (2008)!

GZK effect 



E3 x Flux!

SD + FD 



Attenuation length!

e+e– 

π 

Interaction length 

Attenuation length 



Horizons:!

Gpc 

1019 eV ~ 1 Gpc !

1020 eV < 100 Mpc!

100 Mpc 



Horizons:!

Gpc 

1019 eV ~ 1 Gpc !

1020 eV < 100 Mpc!

100 Mpc 



Auger VCV correlation!
•  VCV catalog of AGN: z < 0.018, θ~3°, E > 57 EeV !
•  27 events test prescription: 99% isotropy rejection!



Nearby VCV AGN – 21% sky!



First 27 events!

Exploratory scan – 12/15 events correlated (3.2 expected) 
Prescription passed when 8/13 correlated (2.7 expected) 



Recent Results!

Correlation decreased to 38%  (2 s.d from isotropy)   
26/58 (iso 12.2) and masked - 25/45 (iso 11.3) 
 (P ~ (6) 2 10-3 (un) masked events after scan) 

58 events above 55 EeV   



The Auger Sky above 60 EeV!

27 events as of November 2007 58 events now (with Swift-BAT AGN density map) 

Simulated data sets based on 
isotropy (I) and Swift-BAT 

model (II) compared to data 
(black line/point). 

Log(Likelihood) 







Composition observable: !
shower maximum!
average & RMS!



Trans-GZK composition is simpler!

Light and intermediate 
nuclei photodisintegrate 
rapidly. 

Only protons and/or heavy 
nuclei survive more than 20 
Mpc distances. 

Cosmic magnetic fields 
should make highly charged 
nuclei almost isotropic. 



Shower maximum over 2 decades in E!



Shower Depths of Maximum Xmax!

Heavy nuclei?    !

Protons? - Higher Cross section and/or high multiplicity at 
high energy.!

Auger ICRC 2009 



Puzzling Composition!

•  Unexpected Astrophysics:!
•  " Sources are very Iron rich !
•  " and have low Emax!

•  Interesting Particle Physics:!
•  " Hadronic Models do not represent well UHE 

interactions!
•  " !
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GZK fits to spectrum!



Shower Depths of Maximum Xmax 

No Information for anisotropic trans-GZK energy regime!!

(Crucial for prediction of the diffuse cosmogenic neutrino & 
photon fluxes)!

Anisotropy Anisotropy 



If Correlated !
with sources !

< 10o  protons!

•  Galactic & ExtraGalactic Magnetic Fields make 
iron deviate many 10o’s from source position!

•  If Astrophysically shown to be protons then  
hadronic models can be tested knowing the 
primary composition.!

•  For example, assume current data is protons 
change the cross section…!



Cross Section Uncertainties!

Donnachie & 
Landshoff ‘92 

Ulrich et al ‘09 



Cross Section Higher!

Ulrich et al ‘09 

Anisotropies 



Hadronic Interactions !
Parameters  !



UHE CRs (+ photons & neutrinos)!

•  To understand Nature’s Highest Energy 
Accelerators (EXTRAGALACTIC):!
‒  AGNs? GRBs? Acceleration to 1021 eV?!
‒  Propagation: backgrounds, magnetic fields!

•  To use UHE Cosmic Particles to study HE 
interactions (~ 350 TeV CM):!
‒  Hadronic Interactions 350 TeV CM!
‒  Neutrino cross sections 240 TeV CM!



HE & UHE Neutrinos!



Cosmogenic (GZK) !
Neutrinos & Photons!

GZK Cutoff - Greisen, Zatsepin, Kuzmin 1966!

 p+γcmb→ Δ+ → p + π0 → γγ 
             → n + π +   

n →  p + e- + νe  
     π+ →  µ+  + νµ 
        µ + → e+ + νe +νµ 



Neutrino Fluxes!
•  Highly Composition dependent!

Allard et al ‘09 



Neutrinos Limits AMANDA!

Deyoung 



69 

Auger exposure to 

tau Neutrinos


Neutrinos can be identified as “young” showers at very great 
atmospheric slant depth (either upward or downward). 

Auger as a UHE Neutrino Observatory!



UHE neutrino limit!



Testing UHE Neutrino Interactions!
•  Need to know the expected GZK!

•  neutrino flux from UHECRs !

Anchordoqui et al ‘03 
Tyler, AO, Sigl ‘00 



Neutrino Fluxes!
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The UHE Gamma Ray Astronomical Window!

Photon attenuation length 
exceeds 10 Mpc for E > 2 
EeV 



UHE Photon Limits!
(strongly constrain top-down scenarios)!

GZK Photons 



State of Astroparticles!
•  To understand Nature’s HE Accelerators!
‒  Great Progress from Fermi’s 1st year of data: new 

sources, new views of old sources, precision 
studies of bright sources and backgrounds!

‒  Multimessenger & Multiwavelength studies: key in 
finding hadronic vs leptonic accelarators & 
underlying mechanisms AGN, GRBs, pulsars, …!

•  To use Cosmic Particles to study HE interactions!
‒  Dark Matter not yet needed: Gev excess not 

there, Atic excess not there, Pamela + Fermi: DM 
or astrophysical sources (Pulsars, SNR)?!

‒  UHECRs evidence for large cross sections!
‒  HE & UHE neutrinos and photons coming soon!!





The Best is !
Yet to Come!!


