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              -  pions interact and decay giving leptons and -  pions interact and decay giving leptons and γγ-rays-rays

          
   Neutrino fluxNeutrino flux
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   Discussion Discussion 
                  



SS433: a precessing microquasar with heavy jetsSS433: a precessing microquasar with heavy jets
 Microquasar: normal star + compact object with Microquasar: normal star + compact object with 

jetsjets
 Jets with high kinetic power: LJets with high kinetic power: Lkk=10=103939erg/serg/s
 Fe lines from detected from jets Fe lines from detected from jets (Migliari et al. (Migliari et al. 

2002)2002)

 Jets and extended disk wind in precession Jets and extended disk wind in precession 
((PPprecprec=162 d)=162 d)

 Potential neutrino source Potential neutrino source (Eichler 1980, Learned & (Eichler 1980, Learned & 
Eichler 1981)Eichler 1981)

Overview of SS433:

VLBA 



Overview of SS433: 

a cartoon…a cartoon…



Parameters of the model for SS433Parameters of the model for SS433



Relativistic particles in the jetsRelativistic particles in the jets

 Magnetic Field:Magnetic Field:

 Shock acceleration of electrons and protons

Rate:

Power in relativistic particles:

 One-zone approximation (e.g. Khangulyan et al. 2007)

Acceleration zone

z0

Jet

BH

and

Injection function: (GeV-1 cm-3 s-1 sr-1)

Is a fraction qrel of kinetic power

MQ SS433 - HE processes in the jets: 



Particle interaction ratesParticle interaction rates

Proton energy loss:

Electron energy loss:

MQ SS433 - HE processes in the jets: 



Distributions of primary particlesDistributions of primary particles
 Balance equation

MQ SS433 - HE processes in the jets: 



Secondary pions and muonsSecondary pions and muons
 Balance equation

 Injection functions:

SIBYLL code (Kelner et al. 2006)

SOPHIA code (Atoyan & Dermer 2003,  see also Kelner et al. 2008)

MQ SS433 - HE processes in the jets: 



Charged pions and muon distributionsCharged pions and muon distributions

MQ SS433 - HE processes in the jets: 



Gamma-ray and neutrino emissionGamma-ray and neutrino emission
MQ SS433 - HE processes in the jets: 

Kinematics of decays (e.g. Lipari et al 2008) 

(Kelner et al. 2006)(Kelner et al. 2006)

Differential γ-ray flux at 
Earth [cm-2 s-1 GeV-1 ]

Attenuation effect

γ ’s: 

ν ’s:          From

Differential να flux at 
Earth [cm-2 s-1 GeV-1 ]

Attenuation effectν-Oscillation effect

(Atoyan & Dermer 2003)(Atoyan & Dermer 2003)



Differential Neutrino flux at EarthDifferential Neutrino flux at Earth
Neutrino flux predictions 



Producción de neutrinos en microcuásares con contenido hadrónico 

Integrated neutrino fluxIntegrated neutrino flux

Here, qrel= 10-3



Gamma-ray absorption in MQsGamma-ray absorption in MQs

 γ-rays can be absorbed by:

 Optical depth

Differential optical depth



Gamma-ray absorption in SS433: 

Absorption due to Absorption due to γγγγ interactions interactions

 Target photons from the star:Target photons from the star:

 Differential optical depth  (Gould & Schreder 1967)

  with with TT✹✹=8500 K for SS433=8500 K for SS433
 Target photons from the extended disk

 UV emission: Black body with T= 21000 K,  (103 Å < λ <104 Å)
                           RUV = 33 R     ✹ (Gies et al. 2002)

 IR emission:                                      , (2µm < λ <12 µm) 
                           RIR= 50 R✹   (Fuchs et al. 2005)



  γγγγ  absorptionabsorption  
Starlight contribution

Gamma-ray absorption in SS433: 



  γγγγ  absorptionabsorption
Contribution due to IR emission  Contribution due to IR emission  Contribution due to UV emissionContribution due to UV emission

Gamma-ray absorption in SS433: 



Absorption due to Absorption due to γγN N interactionsinteractions

 Optical depth

Cross sectionCross section

Density of the star:

Densidad of the extended disk:

Gamma-ray absorptionabsorption in SS433: 



γN optical depth
Gamma-ray absorption in SS433: 



Total optical depthTotal optical depth

For For γγ-rays originated at jet base-rays originated at jet base

Gamma-ray absorption in SS433: Gamma-ray absorption in SS433: 



Effects on a gamma signal Effects on a gamma signal 
Gamma-ray absorption in SS433: Gamma-ray absorption in SS433: 



Gamma-Ray flux:Gamma-Ray flux:

Integrated gamma-ray fluxesIntegrated gamma-ray fluxes



Average fluxes as a function of Average fluxes as a function of qqrelrel==LLrelrel//LLkk



An example:An example:
Suppose that Fermi Lat 

detects a signal which 
implies detection with 
Cherenkov telescopes and 
neutrino detection

     

c) Less (more) VHE gamma 
than expected.

    Possible reason: absorption 
under(over)estimated.

a) Less neutrinos than 
expected. Possible reason: 
More gamma rays from 
leptonic origin

b) More neutrinos than 
expected. Possible reason: 
γ-ray absorption 
overestimated

(work in progress)



Final commentsFinal comments
 Main conclusion: the consistency of the model will be tested with future neutrinoMain conclusion: the consistency of the model will be tested with future neutrino
            and gamma-ray observations.and gamma-ray observations.

 Several parameters such as the magnetic field in the jet, the opening angle, and the Several parameters such as the magnetic field in the jet, the opening angle, and the 
power in relativistic particles are to be adjusted.power in relativistic particles are to be adjusted.

 Model should explain both gamma-ray observations at different energies and VHE Model should explain both gamma-ray observations at different energies and VHE 
neutrinos.neutrinos.

  
 A more realistic treatment is necessary: e.g. leave one-zone approximation.A more realistic treatment is necessary: e.g. leave one-zone approximation.



Future workFuture work
Consider a more complete 

transport equation:
     

Apply model to other jet systems 
such as AGNs and GRBs



Some useful referencesSome useful references

•Atoyan A. M. & Dermer C. D., 2003, ApJ 586, 79
•Eichler D., DUMAND proceeding, 1980
•Learned J. & Eichler D, Scientific American, Feb. 1981
•Fuchs Y., Miramond L. K., & Ábrahám P., 2006, A&A, 445, 1041
•Gallo E., Fender R., Kaiser C., Russell D., Morganti R., Oosterloo T., & Heinz S., 
2005, Nature, 436, 819
•Gies D. R., McSwain M. V., Riddle, R. L., Wang Z., Wiita P. J., Wingert D. W., 
2002a, ApJ, 566, 1069
•Gould R. J. & Schréder G. P., 1967, Phys. Rev., 155, 1404
•Kelner S. R., Aharonian F. A., & Bugayov V. V., 2006, Phys. Rev. D, 74, 034018
•Kelner S. R. & Aharonian F. A, arXiv:0803.0688v1, 2008
•Lipari, P., Lusignoli, M., & Meloni, D. 2007, Phys. Rev. D 75, 123005
•Migliari S., Fender R.,& Méndez M., 2002, Science, 297, 1673

Thank you!!


