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The Sibyll way

extensive air shower simulations ,1\
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Hadronic interaction MC for % ig W
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—~ reliable extrapolation %

Complicated..




The Sibyll way

Hard & soft scattering * parton picture
*LO QCD jets — minijets
* Multiparticle interactions

* diffraction dissociation

* leading particles, assoc. production

For more: Sibyll 2.1 (PRD 80 094003 (2009)), Sibyll 2.3c arXiv:1806.xxxx Or...
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Whats new

Cross section

Remnant model

Enhanced baryon production

Inelastic screening in nuclear interactions
Charm production

The hadronic interaction model SIBYLL 2.3c and extensive air showers
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Whats new

@ Cross section
@®» Remnant model (rho0)
@ Enhanced baryon production

@ |nelastic screening in nuclear interactions ® ﬁ;ft“efr’)sphefic fluxes
@ Charm production
*
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Cross section: p-p
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- narrow hadron profile
- increase soft-hard threshold



I Xmax

| Proton-proton equivalent cm. energy +/s (TeV)
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Baryon production
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Remnants

P —p» <4—2p

Breakstone et al. (Phys.Lett. B132 (1983) 458)
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Leading particles

7t +p — leading + X

Sibyll 2.1
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Yield dN /dxg

Leading particles
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Muons
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Muon energy spectrum

Auger

Ratio of energy spectra vs. Sibyll 2.1
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Beyond EAS ..



E3® (cm? s sr Gev?)?

relative

Inclusive flux of leptons In the atmosphere

A new challenge .. Charge ratio
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Remnant & forward charge ratios
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Leading mesons & charge ratios
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Charm production

inijets
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Charm tuning
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Cross section d°c /dprdy (ub (GeV/ic)™")

Sibyll vs.

102

10!

100

10!

102

central — POWHEG

0.0

other models

NLO QCD

D-mesons

|
13 TeV /90 PeV

— Sibyll 2.3 = .
10y ¢ S 10? p Air
direct D° =
irec £ o
Vs=13 TeV > W
S oL Sibyll23c "
o4 — PROSA 2017 PP W
107!
LHCb acceptance: 4.0 < y <4.5 c 2.5 I | ,44 b
= A\ -
| 1 | 1 | 1 | =) 0.0 REEEmmmm=s e e nd
2.5 5.0 7.5 100 125 150 17.5 200 Q‘z wn 5 ==
Transverse momentum pr (GeV/c) 0.0 0!2 0!4 016 0.8
T T T T T T T ] Lab. energy fraction xp.
_ — A oD — Sibyll ] _ _
e g ~. pAir = D-mesons - _ - L] (with M.V. Garzelli)
~ 7TeV E
_g = valence ]
\6 — diff. 1
< 1074

2
F

Cross section x
—_
<

GBW model ¢

XF (D) = 0,75)(1: (C)

Peterson frag. € =0.043

0.1

0.2

0.3

04
Feynman-x

< Ll

22



o, (E/GeV)3 (cm? s sr GeV)~ !

Atmospheric lepton fluxes

SIBYLL 2.3c - PROSA 2017
SIBYLL 2.3c (pQCD) = GM-VFNS 2017
BERSS 2015 /7. Prompt excess
GRRST 2016 mmmm [ceCube 1.06XERS

— Complete inclusive
- prediction

/ conventional & prompt
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Summary

o
i

* new Sibyll 2.3c including:

- remnant model

- charm production

- pp Ccross section

- coherent nuclear diffraction

Proton 67° 20 EeV 2240 g/cm®

g
o
|

H
[
|

1.0 {=mmmmm e o=
Model / Sibyll 2.1

Ratio of energy spectra vs. Sibyll 2.1

= Sibyll2.3¢ = Epos-LHC =— QGSjetll-04

* Improved description of accelerator measurements N T
- shortcomings not mentioned Muon energy Ey (GeV)

* predictions for EAS:

- ~20g/cm2 deeper Xmax
- ~1.6 more muons (all ground, E>1GeV)

®, (E/GeV)? (cm? s sr GeV)™?

* atmospheric fluxes:

- muon charge ratio compatible with measurements
- prompt component

24
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Sibyll 2.3 vs 2.3c: muons
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AXmax Vs Sibyll 2.1 (gcm™2)

Sibyll 2.3 vs 2.3c: xmax
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Inelastic screening: p-A

Oela,

P

= N

Nucleus Nucleus (*)

Oprod — Otot — Oela — Oq.ela

— reduced production cross section
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Coherent & incoherent diffraction

Sibyll 2.1 N., Independent interactions

T W -
oair = (Oqig) "

Sibyll 2.3c

iIncoherent
coherent
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Beyond Sibyll 2.3c ..

future challenges
(problems)
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Effect on EAS

Center-of-mass energy +/s (TeV)

Ratio (Ny) - model vs. Sibyll 2.1
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Limits of the simplified minijet model

-------- Sibyll2.3rc3b —— Sibyll2.3rc4 - -- Sibyll 2.1

4 CMS+TOTEM pp with Vs =8TeV

dN,
dn

Charged particle yield

Pseudorapidity n
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