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UHECR: observed spectrum

Is there a GZK 
feature in the 
UHECR spectrum?
(De Marco, Blasi & 
Olinto, 2003)

Anchordoqui et al., 2003⇦



UHECR: loss length

photo-pair
production

photo-pion
production
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we can observe CR
with energy > 1020 eV

only if they are 
produced within

10 – 100 Mpc.
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UHE eG's and g's from photo-pion interactions
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Interaction with the CMB and radio background photons:
Inverse Compton + Pair Production

In general: EM cascade

Lots of particles One leading particle!!!

Gould & Rephaeli,1978

: e % g % e ...



e/g/e  and synchrotron losses
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GLAST (and HESS?)
energy range!!!

Synchrotron emission 
at energy:



Assumptions:

  Strong (distant), steady and isotropic source of 
      UHECRs ...
            we do NOT observe UHECRs!

  ... inside a magnetized blob ...
     (whose size is > than the proton loss length,
      a few tens Mpc, or less at higher redshifts) 

  ... with magnetic field at the level of about 10-9 G 
      or more ...

Can we detect synchrotron 
gamma rays from this source?

⇨



Source appearance I: angular size

Deflection inside the blob:
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Low energy electrons will start 
and EM cascade resulting in a 
giant gamma ray halo of size 
(Aharonian, Coppi & Voelk, 
1994):

EM ≃ 1o  DA

1 Gpc 
−1

SYNCHROTRON EM CASCADE

POINT SOURCE!!! VERY EXTENDED SOURCE



Source appearance II: synchrotron spectra 
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The effect of the magnetic field 

B = 1 nG 10 nG 100 nG
Absorption in the IR 
background photon 

field (solid lines)
Primack et al., 2001

EM cascade started by 
synchrotron photons!

z = 0.25   d = 2.0
E

cut
 = 1021 eV

If B << 1 nG

only EM cascade
⇩



The issue of detectability

L 1019 eV  4  ÷6  1045 DL
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Condition for detectability:

GLAST

HESS

= 2.0÷2.3

z = 2.1  (D
L
 ~ 1 Gpc)

B = 1 nG
E

MAX
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Energetics

Steady state condition: tON  tSS ≈ 100  Myr

ECR ≈ 2  1062  tON

tSS
 erg

d = 2.0

Beaming can reduce the energy by a factor: f b =
4  


~ 100   
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If d > 2.3  energetical problems become more serious

Cluster
Thermal Energy

AGN Jets

E th ~ 1064 erg

E jet ~ 1048 erg /s

Total energy in CRs (E > 1 GeV):

QCR ~ 7  1046 erg /s

Ghisellini&Celotti,2001

Radio Lobes

E lobe ~ 1060 erg



Conclusions and Future Perspectives

 Unidentified gamma ray sources as possible signatures of
     the presence of distant accelerator of UHECRs. 
 Point sources! 
 If spectra are steep, only counterparts of relatively faint
     and close UHECR sources can be detected (see Ferrigno,
     Blasi & De Marco, 2004)
 
                     Future perspectives

 Bursting sources. 
 Inclusion of EM cascade contribution. 


