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e scattering on dense targets

* Black body limit

e suppression of forward scattering
* Monte Carlo implementation

e application to air showers



Hadronic models in Air Shower

e Air shower simulations
 Needed to reconstruct primary properties
e Study physics with natural acelerators

* GZK energy much higher than LHC

* Hadronic physics biggest uncertainty in
airshowers

e Extrapolation of physics to high E in air shower
event generators:

* Implement energy dependent pt-cutoff Engel, ICRC99
* Enhanced Pomeron diagrams Ostapchenko, ICRC2001



Black Body Limit

Calculate gA scattering

L - See talk by Dumitru
within color glass condensate 4

approach
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- Suppression of soft physics
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- Suppression of forward scattering PRL 90 (2003)
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BBL code
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BBL code

Valence quarks, gluon distribution:
P(x)=1(0;(x), x)
<p,>~Qg(x)
valence quarks: GRV94 PDF ( xf(x) dominant at high x)

vg(x, ¢7)~—min (g7, 02(x))(1-x)°

S

gluons:

(Kharzeev, Levin, Nardi, NPA 2004)



Q< evolution scenarios
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Monte Carlo implementation

 Choose model as function of density, energy

O.(h,x,=0.001)>1GeV

- BBL
else
- Sibyll (standard pQCD EG, pt(s) cut-off)

* Generate partons according to PDF
* Valence quarks and gluons form strings with kinks:

e Collinear g absorbed (low qy)

 Low invariant mass of quarks forms diquark
recovers leading particle effect for low Qs



Fraction of BBL events versus Sibyll events
for min bias p-Air
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<multiplicity>

Event shape
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H.D., Glennys Farrar

Phys.Rev.D67:116001,2003 primary CR
Top of
Air shower calculation with atmosphere

the Seneca model

one dimensional transport equation (CE)
* initial fluctuation via MC

e [ow energy particles via MC or table
 Hadronic model is discretized in dN;/dE
* Electromagnetic part: EGS54
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N charged

Alr showers measurements
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X=dsp(s)

Xmax ~ ln(E)
E=A*Eucleon



Xmax plot for fixed and running coupling
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Lateral Distribution function compared to

AGASA parameterization
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