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Overview: 

 Introduction: what we know about cosmic rays? 
 Galactic to extra-galactic cosmic ray transition 
 Cosmic ray spectrum at E< TeV 
 Knee region  
 Detection of sources of galactic cosmic rays 
 Summary 
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know about  cosmic 

rays? 
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Supernova ? galactic iron ? Extragalactic sources 

knee 

cutoff 
ankle 
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MILKY WAY GALAXY 
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Acceleration 
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Questions for  Galaction CR: 

 At E< 1 TeV  cosmic rays affected by Sun. Real  
spectrum of cosmic rays? Total energy 
accumulated in cosmic rays?    

 What are the sources of Galactic cosmic rays? 
 At which energy  extragalactic cosmic rays  

show up? 
 Mass composition of cosmic rays above 100 

TeV? 
 Problem of acceleration above 100 TeV 
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Galactic magnetic field 
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MILKY WAY GALAXY 
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Galactic magnetic field 

 B = B_disk (regular) + B_disk (turbulent) + 
B_halo(regular)  + B_halo (turbulent) 
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Rotation measure 
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Galactic magnetic field:  
 disk 
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Galactic magnetic field 
measurement: RM 
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Galactic magnetic field 
measurement: RM dominated by 

disk 
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Galactic magnetic field halo 
measurement: RM 
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Free electrons 2001 model 
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Polarized synchrotron emission 
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Relativistic electrons 

From R.Jansson & G.Farrar, arXiv:1204.3662 
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Synchrotron/RM  maps 

From R.Jansson & G.Farrar, arXiv:1204.3662 
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Galactic magnetic field:  
 disk 

R.Jansson & G.Farrar, arXiv:1204.3662 
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Galactic magnetic field:  
 halo 
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Galactic magnetic field halo:   
x-shape 

R.Jansson & G.Farrar, arXiv:1204.3662 
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GMF parameters 

R.Jansson & G.Farrar, arXiv:1204.3662 
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  Deflection angle ~ 1-2 degrees at 1020eV for protons 
 Astronomy by hadronic particles? 

UHECR propagation in Milky Way 
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Galactic magnetic field 

 B = B_disk (regular) + B_disk (turbulent) + 
B_halo(regular)  + B_halo (turbulent) 
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Galactic magnetic field: 
turbulent component 

  Field  with   

  Power spectrum 
  With index                    for Kolmogorov/Kraichnan cases 
  Correlation length 

  Where   
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Galactic magnetic field: 
turbulent component 

 Profile 1 

 Profile 2       
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Transition from galactic 
to extragalactic cosmic 

rays 
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Dip model: Protons can fit 
UHECR data 

V.Berezinsky ,  astro-ph/0509069 
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Mixed composition model 

D.Allard, E.Parizot and A.Olinto, astro-ph/0512345 
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Anisotropy towards Galactic 
plane 
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Dependence on parameters 
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1 EeV protons from galactic 
sources 
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KASCADE-Grande protons   
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Cosmic rays below TeV 
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Summary below 1 TeV 
  Two new breaks at 10 GeV and 200 GeV indicate existence 

of new  component in low energy Galactic CR   
  Detailed comparison of global all-sky analysis of Fermi data 

with new results needed to find if this component is local at 
500 pc / 1000 pc?   

   Cosmic ray acceleration and propagation mechanism has 
to be modified  
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Mass composition below knee 
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Knee in the cosmic ray 
spectrum 
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Cosmic Ray Knee 
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Cosmic Ray Knee 
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Cosmic Ray Knee 



ULB, Mai 14, 2014 

Cosmic Ray Knee 
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Only turbulent diffusion  
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Cosmic Ray Knee 
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Cosmic Ray Knee 
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Cosmic Ray Knee 
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Cosmic Ray Knee 
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Cosmic Ray Knee 
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LOFAR measurement of 
maximum scale of  turbulent GMF 
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Cosmic Ray Knee 
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B to C ratio  
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Cosmic Ray Knee 
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Cosmic Ray Knee 
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Cosmic Ray Knee: protons 
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Cosmic Ray Knee: He 
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Cosmic Ray Knee: CNO 
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Cosmic Ray Knee: Si 
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Cosmic Ray Knee: Fe 
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Anisotropy in arrival 
directions 
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Dipole anisotropy due to nearby sources 
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Cosmic Ray Knee: anisotropy 
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Cosmic Ray Knee: anisotropy 
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Cosmic ray propagation 
from single cosmic ray 

source 
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CR interactions in Galaxy 

 Cosmic rays interact in galaxy at the rate 

 where  cros-section is 
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CR from one source 

 Local measurements of primary and 
secondary nuclei give diffusion coeficient: 

with 
Diffusion region has bound exp(-r^2/r_s^2) 
Radius of  region around source is 
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Diffusion of protons from single 
source 
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Time needed to come in  3-d 
diffusion regime  
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Examples of observed HESS 
sources 
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40 PeV protons from single source: 
10 kyr (77%)  
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40 PeV protons from single source: 
100 kyr  (33%) 
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40 PeV protons from single source: 
1 Myr (12%) 
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40 PeV protons from single source: 
all times (up to several Myr) 
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Secondary gamma-rays from CR 

 To explain observed CR flux each source 
release  

In form of cosmic rays 
Then luminosity in gamma-rays is  
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Secondary gamma-rays from one 
source 

 Then flux of gamma-rays from one source is 

and angular size of source is  



ULB, Mai 14, 2014 

Expected number of sources 

 Expected number of sources in the nearby 
inner part of Galaxy: N_tot* Slocal/Stotal 

 N_tot = R_SN *3*10^4 yr = 300 
 We should see about 10-20 sources within 

5 kpc towards inner galaxy 
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Fermi LAT observation 
of Galaxy at E>100 GeV 
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Fermi LAT Galactic plane at E>100 
GeV 
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Fermi LAT point sources in Galactic 
plane at E>100 GeV 
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Fermi LAT point PSF and extended 
sources  at E>100 GeV  
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Fermi LAT diffuse sources in 
Galactic plane at E>100 GeV 
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Fermi LAT extended sources  at 
E>100 GeV  
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Pulsars with T<30 kyr 
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Pulsars 
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Summary galactic sources 
below TeV 

  We expect to see 10th of 100 pc CR sources with  100 
GeV gamma-rays if SN are responsible for them 

  With Fermi LAT we found 18 sources with 90% radius 
0.3-1 degree, which give real size  about 100 pc. Most of 
sources associated with pulsars with age T<30 kyr  

  None of sources associated with SN shell without pulsar.  
  Those sources can be sources of electrons 
  If not pulsars are needed  for CR acceleration? Energy 

requirement is OK.  
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Conclusions 
  Two new breaks at 10 GeV and 200 GeV indicate existence 

of new  component in Galactic CR   
  We expect to see 10th of 100 pc CR sources with  100 GeV 

gamma-rays if SN are responsible for them. With Fermi LAT 
we found 18 sources with 90% radius 0.3-1 degree, which 
give real size  about 100 pc. Most of sources associated 
with pulsars with age T<30 kyr  

  Auger limits on the anisotropy of UHECR does not restrict 
existence of galactic iron component up to ankle or even up 
to 10^19 eV, depending on parameters of galactic magnetic 
fields. 
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Conclusions 
  Existing limits on anisotropy forbid large (conservatively 

10% or more) fraction of Galactic protons at 1 EeV. This 
mean that quickly rising proton fraction below 1 EeV in 
KASCADE-Grande has extragalactic origin 

  Present GMF models for turbulent field  are in contradiction 
with B/C measurements.   

  Knee can be explained by escape of cosmic rays from 
sources, if average turbulent GMF is 5-10 times smaller then 
in models. Can be sign of anisotropic turbulence.  


