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Optical vs. muon observations
lceCube, Astropart. Phys, 42, (2013)
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1018-20pV/ . 1014-16gV/ -
TA thin scintillators ALPACA underground
water Cherenkov detector
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EM-like proton shower
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knee T >~ JL & — (ALPACA)

: 2018 FHDMEF =  KA(CTA)
EM-like proton shower N
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knee T >~ JL & — (ALPACA)

Mu-less shower & proton ID

100TeV proton (vertical) 100TeV Helium (vertical)
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knee T >~ JL & — (ALPACA)

n° p, spectra in 7TeV p-p collisions
(ECR=2-5X1016eV) LHCf, PRD, 94 (2016) 032007
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COSMOS update history 2018

Minor updates

8.03 (25-Apr) : source file = — A1t
8.031 (16-Aug) : bug fix

8.032 (23-Aug) : sibyll2.3c.fIC 3 > /XA JLIKRTF/N T => CRMCT{E > T WL
7= sibyll2.3c01.fICZ & (Felix Riehn|ZFEEY)

8.033 (30-Aug) : EPOSH 77 [Z off-mass-shell particled ) , CRMCTfEE> T
WAEBEdI— RAEEA,

8.034 (18-Oct) : 1 — Y —EEMEE = BRI

8.035 (13-Nov) : compile option D& N
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ece <> m cosmos.icrr.u-tokyo.ac.jp

Google Drive  Google Yahoo! Japan fi%& -%¥&v LHCv BNL/RHICv Neutronv ALPACAv TA

Welcome to the Home Page of Cosmos

Cosmos (from v8.00) is now compatible with the formal Fortran grammar:

i.e, can be compiled with GNU gfortan as well as Intel ifort. etc
The essential difference from the older ones is in the treatment of the "structure construct". The conversion of "old to new" style was managed by the new Cosmos

development team
For more details, see a short manual with some updated features in this version.

Contents

e What is Cosmos?

e Documentationadditional new manual is ready(Mar.09, 2003, for version 6.35).

o A step-by-step guide to how to useDistributed Paralell jobscheme for an event is ready.(Aug. 07, 2007). Revised; more
comprehensive.
Idea itself is explained here
Abpblication for the TA proiect is exnlained here
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* http://cosmos.icrr.u-tokyo.ac.jp/newcosmosHome/index.html

Weleeme to the COSMOS

Top Platforms Download

Welcome te the COSMOS homa

Installation and
Users' guide

Top Platforms Download

Installation and
Users' guide

Sample codes Doxygen Documents

Sample codes

This COSMOS homepage is renewed since the COSMOS version 8, which is now compatible with the formal Fortran grammar:

i.e, can be compiled with GNU gfortan as well as Intel ifort. etc

The essential difference from the older ones is in the treatment of the “structure construct”. The conversion of "old to new" sg

For more details, see a short manual with some updated features in this version.

For old versions of COSMOS, please go to the old COSMOS page.

What is COSMOS?
It is a versatile Monte Carlo simulaiton code for propagatio of cosmic rays in the atmosphere and near earth environ

muon polarization, or very high energy air showers in the GZK cutoff region with magnetic bremsstrahlung and pair c|

Contents
A Short History of Cosmos and Acknowledgment

New COSMOS development team

K.Kasahara(Waseda Univ.), kasaharaAicrr.u-toky.ac.jp
H.Menjo (Nagoya Univ.), menjoAisee.nagoya-u.ac.jp
T.Nonaka (ICRR, Univ. Tokyo), nonakaAicrr.u-tokyo.ac.jp
T.Sako (ICRR Univ. Tokyo), sakoAicrr.u-tokyo.ac.jp
N.Sakurai (Tokushima Univ.), nsakuraiAicrr.u-tokyo.ac.jp
A.Taketa (ERI, Univ. Tokyo), TBC

Y.Tameda (Kanagawa Univ.), tameAicrr.u-tokyo.ac.jp
Y.Tsunesada(Osaka City Univ.), ytAsci.osaka-cu.ac.jp
Y.Yoshikoshi (ICRR, Univ. Tokyo), TBC

This project is supported by the joint research program of the Institute for Cosmic Ray Research (ICRR), the University of Tokyo.

Major differences from older versions
Introduction
o Where is it?
o Platforms you can play Cosmos
o Platforms you cannot play Cosmos
Installation
o Setting up your environment
o Upgrading Cosmos
First Kiss to Cosmos, a test run
Running your own job
o Overview
o Unit of physical quantities
o The coordinate system
o Setting up input data
User-hook routines
Examples of input data

©

o How to observe air showers together with high energy particles
o _Air shower transition curves
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UHECR 2018 conference

WHISP (Hadronic Interactions/Shower Physics
Working Group) report

Combining muon

MAX-PLANCK-INSTITUT FUR KERNPHYSIK

Report on Tests and Measurements
of Hadronic Interaction Properties
with Air Showers

Hans Dembinski for the WHISP:

J.C. Arteaga, L. Cazon, R. Conceigdo, J. Gonzalez, Y. Itow, D.
Ivanov, N.N. Kalmykov, I. Karpikov, T. Pierog, F. Riehn, T.
Sako, D. Soldin, R. Takeishi, G. Thomson, S. Troitsky, I. Yashin,
E. Zadeba, Y. Zhezher

Hans Dembinski | MPIK Heidelberg, Germany 1

Step 2: Apply energy scale corrections (after, experiments with unknown scale not shown)

Still present: possible dependence on shower age, lateral distance, energy threshold

EPOS-LHC QGSJet-11.04 SIBYLL-2.3

Post LHC models »

V) SIBYLL-2.1 QGSJet-11.03 QGSlJet01
3]
3
1]
0
lnNSet . lnNge; BRI 10'16];/0;1\7]10'181019 1015 1016111/(2:1\7]10'1810'19 101 1016]11/(2:1\7]10181019

— det _ det
1n]\]'/,l,,Fe lnNM,p Hans Dembinski | MPIK Heidelberg, Germany

Absolute energy-scale
still uncertain after

relative correction
Points may be shifted
coherently by about -/+ 0.25

. —®—Pierre Auger

—8—AMIGA [Preliminary]
—&-Telescope Array
—&—IceCube [Preliminary]
—-NEVOD-DECOR
SUGAR*
Yakutsk [Preliminary]
---"GSF

Kampert&Unger 20120

¢ SIBYLL-2.3c instead of SIBYLL-2.3

b updated with Auger 2015 data
and EPS-LHC by the autors

18 46



WHISP WG slide

Muon measurements: overview

lines & boxes: result integrated over range

20 'l‘clcscopcl Array
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Pierre Auger
Telescope Array
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AMIGA preliminary: S. Miller poster ID 204; PRL 117 (2016) 192001; PRD 91 (2015) 032003
PRD 98 (2018) 022002

ISVHECRI 2018 preliminary

Astropart. Phys. 95 (2017) 25

Phys. Atom. Nucl. 73 (2010) 1852, Astropart. Phys. 98 (2018) 13

PRD 98 (2018) 023014

Astropart. Phys. 92 (2017) 1

Unpublished preliminary results

PRL 84 (2000) 4276; not part of WG, only included for comparison
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EM-like proton shower 018EKOYIESE K (CTA)
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nt° in 7TeV p-p collision
LHCf and models (ratio to data)

EPOS-LHC/LHCf data ratio
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A.Abdo et al., ApJ, 734:116 (10pp), 2011
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