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History of pp Interaction Modeling in Astrophysics (1/2)

Galactic diffuse emission by pp->pi0: Speculated by S. Hayakawa, Ginzburg, et al.
Early models of PP->pi0 for astrophysical applications: Stecker, Stephens & Badwar, Dermer

New findings since lating late 1970’s:
•  Rising inelastic cross-section
•  Diffraction Dissociation
•  Scaling violation (CERN-SPS, FNAL)

Dermer’s model consists of:
•  Stecker’s “Isobar Model”
•  Stephens & Badhwar’s “Scaling Model”
•  Adjusted to fit exp. pion incl. cross-sections

Chuck Dermer’s model
has been the norm since
1986.



History of pp Interaction Modeling in Astrophysics (2/2)
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Rising PP Inelastic Cross-Section
- New Model and Exp. Data -
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Inelastic Cross-Sections
- Model vs. Exp. Data -

Non-Diff

Total inelastic cross-section
is tightly constraint by
experimental data (circles).
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Inclusive Pi0 Cross-Section
- Average Multiplicity -
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Charge Pion Multiplicity Distribution at ECM=200GeV
 - Model vs. Exp. Data -
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Rising Cross-Sec. and Scaling Violation
in Non-Diffractive Process

Model A = 1.65 x Model B 

Gamma-ray inclusive cross-sec. by Pythia tuned to CDF Data
for Tp=125GeV, 8TeV, 512TeV



Rising Cross-Sec. in Diffr. Dissoc. Process

Non-Diff

Diff-Dissoc.

Gamma-ray inclusive cross-sec. by Diff. Dissoc. process
for Tp=125GeV, 8TeV, 512TeV



Gamma-ray Spectra for Proton Spectra
- Index 2, 2.7 and broken power-law (2.2, 2.5) -

Prediction of Scaling Models

Prediction of Model A

Scaling Models Model A

Model A predicts:
1) a harder γ-ray spectrum
    (diffractive process)
2) a higher flux
    (rising non-diff. cross-sec.
     and scaling violation)
than scaling models 



Electron and Positron Inclusive Cross-Section
- For Tp=256TeV Protons -

Electron/positron spectra
Non-diffractive

red: parameterization for e+
blue: parameterization for e−

Electron/positron spectra
Diffractive dissoc.

red: parameterization for e+
blue: parameterization for e−



Electron and Positron Inclusive Spectra
- Power-Law (index=2.0) Proton -

Positron

Electron

Electron from neutron decays


