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Observing the 
cascade with 
nitrogen fluorescence 
and particle 
detectors.

We deliberately avoid 
the forward directed 
Cerenkov light.







Studying composition.



Auger finds a spectral cut-off.



Interpreting the spectrum with a mixture of 
galactic (lower energy) and extra-galactic 

cosmic rays.
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• With creative imagination one can attribute 
the ‘extragalactic’ flux to a locally (within 1 
Mpc) trapped milky Way flux.

• But, one then has to invoke a period of 
cosmic ray activity 1+ million years ago.

• And a microgauss field extending over that 
volume.



Simple idea of a GZK spectrum depending on the source 
distance.

Source 
Differential
spectral index.

(Surprisingly 
non-critical.)

These are TIMES.

This assumes a 
power law source 
spectrum



We expect an anisotropy when the GZK 
effect limits the visible distance.
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Hillas, arXiv 2009 

A uniform 
exposure plot 
of (2007 data) 
Auger events 
(circles) is 
NOT isotropic.



Michael Hillas analysis (recent astro-ph)



Hillas, arXiv 2009 

On the other hand, AGN and 
the highest energy cosmic 
rays do seem to have a 
correlated component.

How can this be?



Cartoon of possible scattering field sites.

Source cluster.  This fills 
with particles which are 
emitted from its surface. 
Subtends a small angle.  
May be large 
propagation delays.

B

Possible intergalactic or 
halo field.  

May cause loss of flux or 
systematic deviations –
‘magnetic spectrometer’.

Possible local group 
field.  Scattering here 
results in large 
deviations.  Could be 
large delays.

Milky Way and 
Halo



Cluster fields.

• Many galaxies are found in clusters –
‘nearby’ ones would be Virgo (which 
includes M87) at 20 Mpc or so, and Coma 
(which is five or six times more distant).

• Such clusters extend ~ megaparsecs
• Characteristically, the claim tends to be 

that such clusters contain ~microgauss
magnetic fields.



• Physics/reality check:

• Radius of gyration of a 1 EeV (1018 eV) proton in 
a 1 microgauss regular field is 1 kpc.

• Of course, this scales linearly so as we saw, 100 
EeV has 100 kpc.

• More highly charged nuclei (iron – 26 times) 
have smaller radii of gyration.

• Even Cen A is many times this distance away so 
retention of direction requires sub-microgauss
intergalactic fields or small turbulence scales 
(worse for ‘iron’).



Diffusion comment:

• Diffusion is slow.
• Suppose that a source is embedded in a 

cluster (like M87 in Virgo).  If the cluster 
radius is 1 Mpc and the radius of gyration is 
100kpc (100 EeV, 1 micro-G), the cluster 
radius is ~10 gyro-radii and diffusion then 
gives (rough rule of thumb) 100 (10 squared) 
scatters to get out – a total path of 10+ Mpc.  
This takes a time approaching 108 yrs - not 
far from the GZK time.



The Milky Way
• What happens when a UHE extra-galactic cosmic 

ray approaches us from perpendicular to the 
galactic plane?

• There is a deflection in the galactic field (probably 
in the plane of the galaxy, more or less along the 
spiral arm) which should retain some directional 
information at the highest energies.  At lower 
energies, the propagation will become diffusive and 
particles will be seen from all directions – possibly 
more along the field lines.

• We don’t yet know where high energy becomes
low.



Galactic Deflections 
of protons 20 EeV
and above (regular 
field).
(Stanev 1996)



Centaurus A



2009 Auger plot (Lodz ICRC)



Auger 
Directions on 
this image

Auger 
point 
spread

Galactic 
Field 
Deviation
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These events make up 
about one third of all 
PAO events at the 
highest energies – even 
though this is not in the 
area of greatest sky 
exposure.  They 
arguably contribute 
strongly to the 2007 
published excess of 
correlations with AGN 
because they are within 
the super-galactic plane.



• Note that the events ‘from’ Cen A do not have 
the most energetic events ‘on source’.  We need 
to invoke a range of nuclear charges to 
reproduce this distribution.

• The 2007 Auger depth of maximum distribution 
suggests that those charges may be ‘heavy’.  
But then any ‘light’ ones would be on-source!!



• Alternatively, this peak could be 
transposed due to local magnetic 
deflection (maybe in the Milky Way field).

• Examination of the energy-direction map 
may support this and there could be a 
‘magnetic spectrometer’ effect.

• On this assumption, we can produce a 
new ‘source direction’ map. (next slide)





Conclusions.
• Auger now has over 60 events at super-

GZK energies
• We are trying to interpret these 

energy/direction data.
• Auger expects to develop a Centaurus A 

‘prescription’ soon.
• We seem to be very close to being able to 

make more useful statements about 
magnetic fields in our galaxy and the local 
intergalactic space.


