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• Method:    Modified SOPHIA2.0 code

• Application:

For comparison to previous approximations see poster.

Photomeson production within

BLR line target radiation field 

Electromagnetic / -power ~ 1



Method

• Consider:
Secondary particle production from hadronic p- interactions off external target 
photons with isotropically distributed CR protons in the co-moving blazar jet frame

-> externally isotropic target photon distribution appears anisotropic 
(beamed) in co-moving frame

• Use: Gyro-phase averaged interaction rate

• We modified :   SOPHIA2.0(1) Monte Carlo code 
to take into consideration the corresponding 
non-isotropic interaction angle distribution   
(see right figure for an example)

• Comparing to Dermer et al (2014)(2) yields
~2-3 times higher interaction rates in our 
work for mono-energetic (energy 0) target 
photon fields



Results

• We consider:

Emission region within BLR line target radiation field  
[see DMI2014(2)]       &      isotropically (co-moving jet frame) 

distributed proton spectrum

NP ~ E-p exp(-EP/EP,max), EP,max=1010GeV

• Examples of secondary particle spectra:

(AGN frame; all neutrons decayed;  

viewing angle =5o )

P = 2

bulk Lorentz factor   = 10

We found: 
+e++e--power)/ -power ~ 1

H Ly+NV

He LyCIVMgII
CIII+
SiIII OVI+Ly

AGN frame



Comparison to previous approximations

Example of

Previous approximation of co-moving (‘) target photon field:

Isotropically distributed blackbody photon field with peak intensity at 

’peak ≈ 1.5Ly [Tavecchio & Ghisellini 2008; Böttcher, 

Reimer & Marscher 2009; Reimer 2009]

Blackbody approximation 
underestimates secondary 

particle yields @ low-energy 
part of spectrum.
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