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Hundred years of research 

Õ Galactic and extragalactic cosmic rays (universal phenomenon!) 

Õ Energy range: 106 eV ï 1021 eV 

Õ Galactic sources: SNRs, pulsars, star flares, stochastic                

acceleration in the ISM 

Õ Extragalactic sources: AGN, gamma-ray bursts, intergalactic             

shocks 

Õ Propagation: diffusion, convection 

Õ Interactions with gas (p, e), radiation and magnetic fields (e) 

Õ Emission: radio (synchrotron), X-rays (IC, bremsstrahlung), gamma rays 

(neutral pion decay, IC, bremsstrahlung) 

Õ Detection: direct (satellites, balloons), indirect (EAS ï Cherenkov light, 

cascade particles), even more indirect (via electromagnetic emissions) 

Õ Composition: all stable and long-lived particles and isotopes 

Õ Possible new physics: products of WIMP annihilations/decay, exotic 

particles 
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Fermiôs skymap of particle interactions 

Õ >100 MeV, 36 months 

 

Õ shows where 

accelerated particles 

meet target (gas, 

photons) 

 

Õ ~80% of the emission 

is diffuse 

 

Õ many transients in the 

â-ray sky 
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Cosmic Scales 
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Break in the CR p and He absolute fluxes 

Õ Data from several experiments (BESS, AMS-01, 

ATICô2009, CREAMô2010, PAMELAô2011) are 

all consistent and indicate spectral hardening 

above ~100 GeV/nucleon 

Õ p/He ratio vs. rigidity R is smooth 

Õ He spectrum is flatter than proton spectrum  

Õ Heavier nuclei seem to share the same trend  

Õ New data may provide us with a hint to the 

origin of high energy CRs 

Adriani+ô2011 

He 

p 
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R 

H L 

P I 

Õ All scenarios are tuned 

to the data, except the  

Reference scenario 

Õ Scenarios L and H: the 

local source 

component is 

calculated by the 

subtraction of the 

propagated Galactic 

spectrum from the data 

Õ The local source is 

assumed to be close to 

us, so no propagation; 

only primary CR 

species 

Propagation 

Reference 

Injection 

Local LE Local HE 

P and He spectra 

Vladimirov+ô2012, ApJ 752, 68 
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Model predictions 

Õ P/He ratio is tuned in all scenarios except 

Reference scenario 

Õ Predicted antiproton/proton ratio agrees 

with the existing data, but exhibits different  

behavior at >100 GeV 

Õ Only scenario P agrees with the data on CR 

anisotropy 

Õ Only scenario L can explain the sharp 

break in the p, He spectra 

Õ Awaits for a confirmation of the break 

from an independent experiment and more 

accurate data  
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Fermi-LAT observations of the Earthôs limb 
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ÕDue to its proximity, the Earth is the 

brightest ɔ-ray source on the sky 

ÕThe emission is produced by the CR 

cascades in the atmosphere 

ÕMost energetic ɔ-rays are produced by 

CRs hitting the top of the atmosphere at 

tangential directions (thin target)  

ɔ-ray flux 
>3.6 GeV  

2 g cm-2 

ɔ-ray flux  
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Inferring the CR spectrum - I 

Single power-law, index fixed Single power-law, free index 

Earthôs limb Earthôs limb 

Residuals Residuals 

CR protons CR protons, index 2.74Ñ0.01 

He fixed He fixed 
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Õ Broken power-law provides the 

best fit with indices  

2.84± 0.03 / 2.68± 0.02     

below/above the break at 

264± 19 GeV 

Õ In perfect agreement with 

direct CR measurements!       

cf. PAMELA: 

2.85± 0.015± 0.004 / 

2.67± 0.03± 0.05, break at 

232+35-30 GV 

Õ A single power-law with index 

2.74± 0.01 canôt be ruled out 
yet 

Õ Fermi-LAT continues to collect 

data: more statistics, and 

extension to higher energies 

Õ Can be used for instrument 

calibration 

 

Inferring the CR spectrum - II  

Broken power-law 

Earthôs limb 

Residuals 

CR protons 

He fixed 
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Solar system 

Õ Averaged over one year, 

the ecliptic is seen as a 

bright stripe on the sky, 

but the emission comes 

from all directions 

Tracks of 

the Sun 

and Moon 

Solar IC 

     

Õ Raw data sliced by 2 months 

interval, background removed; Č 

the solar track is clearly visible   

Fermi-LAT (Galactic coordinates) 

Model calculations 
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Fermi-LAT observations of the Sun 
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IC emission 

profile 

IC spectrum 

Disk spectrum 

Seckel+ô1991 
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Constrains on CR propagation from global scans 

Posterior probability 

distributions 

Õ color bar ï 68%, 95% 

error ranges 

Õ vertical line ï posterior 

mean 

Õ ᾟ - the best fit 

Õ Reacceleration model 

Íŭ = 0.3 ï very close to 

classical value 1/3 for 

Kolmogorov diffusion 

Õ All parameters are very 

close to those derived 

by the ñeye-fittingò 

method 

Normalization of the diffusion coeff. and its index 

Injection index below/above the break @ 1 GV 

   Alfven speed      Halo size 

Trotta+ô2011 
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PAMELA data show rise in the positron fraction 

Õ PAMELA team reported a 

rise in the positron fraction 

perhaps due to ñprimaryò 

positrons 

Õ So unexpected, it canôt be 

true! 

Õ Possible explanations: 

Í primary astrophysical 

sources (e.g., pulsars) 

Í dark matter 

Í nonstandard secondary 

production (e.g., in the 

SNR shock) 

 

Nature 458, 607 (2009) 

IVM&Strongô1998 
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Fermi-LAT: e+ & eī fluxes and positron fraction 

Õ State-of-the-art: Fermi-LAT does not 

have a magnet, but used geomagnetic 

field  

Õ Measured absolute fluxes of e+ & eī 

Õ Fraction = ◖(e+) / [◖(e+) + ◖(eī)] 

Õ Confirmed rise in the positron fraction  

Õ Extended measurements up to 200 GeV 

 

 

PRL 108, 011103 
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All -electron spectrum 

Õ Fermi-LAT and PAMELA data agree well 

Õ Shows some structure (breaks and bumps) 

Õ Flatter than extrapolated from low energies 

Õ Sharp cutoff at 1 TeV (HESS), as expected 

Kobayashi+ô2003 

Õ Cannot be reproduced with a 

single power-law injection 

spectrum 

Õ Origin 

Í Local sources? 

Í perhaps needs a second 

component with hard 

spectrum (positrons?) 


