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Hadron-hadron interactions in SIBYLL

Hadron-hadron interaction == parton scattering * hadronization

P (5) = exp <—<n<z§)>) (n(b, s)) = A(b,s) o (s)

0QCD (37p%lin) Osoft(s)

String fragmentation
PRD 80, 094003 (2009)

_ PRD (2020), arXiv:1912.03300
All Sibyll 2.x

_ _ High energy, multiple scattering
Low energy, soft single scattering
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Hadronization

String fragmentation

f(z) = . —Zz)_a ebmr/2

flavors: u,d,s



Timeline

SIBYLL 2.1 SIBYLL 2.3 SIBYLL 2.3c SIBYLL 2.3d
~2000 2014 2017 2020 >
TeVatron First LHC data LHC Run 11,111

Muon deficit in EAS

Astrophysical neutrinos

Sibyll 2.3: extend Sibyll 2.1 for ‘precision era’ (LHC, Auger, IceCube)



Sibyll 2.3: cross section in p-p
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7t +p — leading + X

Sibyll 2.3: leading particles

----- Sibyll 2.1

leading : 7, p
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Yield dN /dxg

Sibyll 2.3: leading particles
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Sibyll 2.3c:

Expected scaling Leading baryon
violations due to
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See ICRC 2017 proceedings



Sibyll 2.3c:

Expected scaling

violations due to
jets
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Sibyll 2.3d: charged vs neutral pion ratio

7T:t/7'('0 —1 See M. Perlin talk tomorrow
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Theory: isospin symmetry,
string fragmentation fixed parameters

== Ratio constant!

Sibyll 2.1:
universal hadronization

Sibyll 2.3c: (sibyll 2.3)
varying hadr. (valence ~ sea quarks/gluons)
valence applied to gluons! (unintended)

Sibyll 2.3d:
varying hadr. (valence ~ sea quarks/gluons)

(appendix in PRD (2020))
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Sibyll EAS predictions
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(Nu(Eo))/ Eo

Sibyll EAS prediction
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Sibyll EAS predictions
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Particle ratio

Sibyll EAS predictions

muon energy spectrum Conex issue
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Timeline

SIBYLL 2.1 SIBYLL 2.3 SIBYLL 2.3c SIBYLL 2.3d
~2000 2014 2017 2020 >
TeVatron LHC Run | LHC Run 11,1

Muon deficit in EAS

Astrophysical neutrinos

Sibyll 2.3: extended baryon production, charm production, rho0 production, cross section...

(PRD (2020), arXiv:1912.03300, charm & incl. Flux: Phys.Rev.D 100 (2019) 10, 103018)

Sibyll 2.3c: ensure Feynman scaling of leading particles — mostly affects inclusive flux

(PoS ICRC2017 (2018) 301, 1709.07227)

Sibyll 2.3d: ensure moderate rise of pion ratios — 5% change in muons for EAS

(PRD (2020), arXiv:1912.03300)



Sibyll 2.3e
NA61, LHCf, CMS+Castor

NAG1 7~ CI PrLab = 350 GeV |

The future,
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but no promises..
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Sibyll 2.3: baryon production

Laboratory energy Ep . (€V)
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A Xpax vs Sibyll 2.1 (g/cm?)
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