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The anti-proton and positron
cosmic ray fluxes

and 

Hadronic Cross Sections.



Prediction of the spectra of anti-protons
and positrons  from the “conventional  mechanism”

[Hadronic  interactions of Cosmic Rays (CR)   
in the interstellar  medium].
Step 1:   Measure the  spectra of CR   near the Earth.

Step 2:    Correct for Solar Modulation effects
                to obtain the spectra in interstellar space 

Step 3:    Assume that these  “local” CR spectra
               are  present in the entire Galaxy.

Step 4:    Model the interaction to compute 
               injection spectra of positrons + anti-protons.

Step 5:    “Propagate” the  injection spectra.   
               



Important open question:

Production of secondaries
inside   (or close) to the  sources

This  contribution has been assumed
as negligible in most (or all) of  discussions here



Hypothesis:

Local Spectra =  Spectra in the entire Galaxy

Expected for nuclear component
(p, He, Nuclei, pbar, ….)

NOT expected for electrons and positrons.

Questions  accessible to experimental verification
via gamma, radio  astronomy.



Calculation of the injection spectra:



Dominant source of positrons:

Additional  sources  [kaon decay]







Positron spectra in Meson decay:



Kinematics of production for pions and anti-protons



Pion production
kinematical
allowed region

(backward production)

anti-proton production

Always forward

Strong suppression of low
energy anti-protons



Nucleon Fluxes

p

He

A > 4



Observed  flux,   LIS spectrum

High energy approximation



Proton Flux







Anti-proton model    (asymptotically scaling)



Anti-proton model    (asymptotically scaling)















Response function  for anti-proton production.
[Primary particle  energy that contributes 
 to the flux at energy E]



Cumulative Response function 





Production of   different particles





Nuclear effects:



Glauber theory



 

Laboratory frame:

Spectra moderately softer
in projectile hemisphere



 

 



 

Decomposition of the cross section
into   partial cross sections



Injection Spectra  of positrons and anti-protons 



Injection Spectra  of positrons and anti-protons 

Pythia 

Scaling low energy model 



Anti-proton and Positron Cosmic Ray Fluxes





Anti-proton and Positron Cosmic Ray Fluxes

High energy:
power law behavior



Fluxes of positrons and Anti-protons





Data

Injection

Ratio  antiproton / positron



Ratio   Flux / Injection 



In the “Conventional Model”
the similarity of the positron and anti-proton fluxes
is simply a coincidence.

The propagation of  electrons/positrons
and protons/anti-protons/nuclei
is  considered as very different











Energy losses for Electrons and Positrons:
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