18th International Symposium on
Very High Energy Cosmic Ray
Interactions (ISVHECRI 2014)

EPJ Web of Conferences Volume 99 (2015)

Geneva, Switzerland
18 — 22 August 2014

Editors:
D. Berge M. Mangano
A. de Roeck B. Pattison

ISBN: 978-1-5108-0980-2



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

.com

Some format issues inherent in the e-media version may also appear in this print version.

This work is licensed under a Creative Commons Attribution license:
http://creativecommons.org/licenses/by/2.0/

You are free to:

Share — copy and redistribute the material in any medium or format.

Adapt - remix, transform, and build upon the material for any purpose, even commercial.

The licensor cannot revoke these freedoms as long as you follow the license terms.

Under the following terms:

You must give appropriate credit, provide a link to the license, and indicate if changes were made.
You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you
or your use. The copyright is retained by the corresponding authors.

Printed by Curran Associates, Inc. (2014)

For additional information, please contact EDP Sciences — Web of Conferences
at the address below.

EDP Sciences — Web of Conferences
17, Avenue du Hoggar

Parc d'Activité de Courtabceuf

BP 112

F-91944 Les Ulis Cedex A

France

Phone: +33 (0) 16918 7575
Fax:  +33(0) 1692884091

contact@webofconferences.org

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax:  845-758-2634

Email: curran@proceedings.com
Web:  www.proceedings.com



TABLE OF CONTENTS

FORWARD HADRON PRODUCTION AT THE LHC ..ottt 1
Itow Yoshitaka

PHYSICS WITH RELATIVISTIC HEAVY-ION COLLISIONS .....c.ooiiiiiiiieiei e 7
Dénigus Benjamin

FIXED-TARGET HADRON PRODUCTION EXPERIMENTS .....oi ittt 16
Popov Boris A.

MULTI-MESSENGER ASPECTS: COMPOSITION, PROPAGATION, & ACCELERATION ....ccccoviiiiiiiinnn 27
Taylor Andrew M.

ULTRA-HIGH ENERGY COSMIC RAYS: 40 YEARS RETROSPECTIVE OF CONTINUOUS

OBSERVATIONS AT THE YAKUTSK ARRAY: PART 1. COSMIC RAY SPECTRUM IN THE

ENERGY RANGE 10%°-10" EV AND ITS INTERPRETATION .....co.oviiiiiiriinniineiseisessssessssssssssss s 32
Knurenko Stanislav, Petrov Igor, Petrov Zim, Sleptsov Ivan

PRIMARY CR ENERGY SPECTRUM AND MASS COMPOSITION BY THE DATA OF TUNKA-

IR I N 2SS 38
Prosin V. V., Berezhnev S. F., Budnev N. M., Chiavassa A., Chvalaev O. A., Dyachok A. V., Epimakhov S. N.,
Gress O. A, Gress T. I., Kalmykov N. N., Karpov N. I., Konstantinov E. N., Korobchenko A. V., Korosteleva E. E.,
Kozhin V. A., Kuzmichev L. A., Lubsandorzhiev B. K., Lubsandorzhiev N. B., Mirgazov R. R., Monkhoev R. D.,
Osipova E. A., Pakhorukov A. L., Panasyuk M. 1., Pankov L. V., Popova E. G., Ptuskin V. S., Semeney Y. A., Silaev
A.A., A A Silaev, Skurikhin A. V., Spiering C., Sveshnikova L. G., Zagorodnikov A. V.

ULTRA-HIGH ENERGY COSMIC RAYS: 40 YEARS RETROSPECTIVE OF CONTINUOUS

OBSERVATIONS AT THE YAKUTSK ARRAY: PART 2. MASS COMPOSITION OF COSMIC

RAYS AT ULTRA HIGH ENERGIES. ... ..ottt ettt e et e e et e e e s ba e e e e aa e e e sabe e e sbeeeaenreas 44
Knurenko Stanislav, Petrov Igor

RECENT RESULTS FROM TELESCOPE ARRAYY ..ottt ettt ettt ettt etta e eate e s sata e e s eava e e sbve s s sateaesareas 49
Fukushima Masaki

ASTROPHYSICAL ORIGIN OF HIGH-ENERGY COSMIC NEUTRINOS........cccovi ittt 57
Murase Kohta

ATMOSPHERIC LEPTON FLUXES ...ttt ettt s e e st e e e s at e e e et e e e st e e e e eaba e e e aabeeesnteeeeanneas 65
Gaisser Thomas K.

COMPOSITION FROM HIGH PT MUONS IN ICECUBE ...ttt et staa e 73
Soldin Dennis

MEASURING THE MUON CONTENT OF AIR SHOWERS WITH ICETOP ..ot 79
Gonzalez Javier G.

RECENT RESULTS FROM ANTARES. ... ..ottt ettt ettt st sta e te e s ta e s be e sas e e sbeesbaeebaesbaeebeesntesbeesrneereens 84
Trovato Agata

STUDY OF THE ENERGY DEPOSIT OF MUON BUNDLES IN THE NEVOD DETECTOR.........cccoeiviiieiiiiees 91

Bogdanov A. G., Dushkin L. I., Khokhlov S. S., Khomyakov V. A., Kindin V. V., Kokoulin R. P., Kovylyaeva E. A.,
Mannocchi G., Petrukhin A. A., Saavedra O., Shutenko V. V., Trinchero G., Yashin I. I.

THEORETICAL ASPECTS OF HEAVY-FLAVOUR PRODUCTION AT ULTRA-HIGH COSMIC

RAY ENERGIES ... .ottt ettt b etk bt bbbt e bt e b £ e A e e E e oAb e e b e e bt ekt e m b e s bt e beeb e et e s bt e besbeenbenaeenes 96
Gongalves V. P.

CALCULATION OF CONVENTIONAL AND PROMPT LEPTON FLUXES AT VERY HIGH

ENERGY ... b b E bR bR R e R E R R AR e e R b bRt E e b e reane s 108
Fedynitch Anatoli, Engel Ralph, Gaisser Thomas K., Riehn Felix, Stanev Todor
THE MEANING OF THE UHECR HOT SPOTS: A LIGHT NUCLEI NEARBY ASTRONOMY ......cccooiiininienns 116

Fargion Daniele, Ucci Graziano, Oliva Pietro, Lucentini Pier Giorgio De Sanctis
MEASUREMENT OF THE COSMIC RAY ALL-PARTICLE AND LIGHT-COMPONENT

ENERGY SPECTRA WITH THE ARGO-YBJ EXPERIMENT .....ctiiiiiiiece ettt evaa e 123
De Mitri I.
RECENT RESULTS FROM LHCF ...ttt sttt st e e ta st e st e ta e e be e sate e beesnneesaeesnreenres 128

Menjo H., Adriani O., Berti E., Bonechi L., Bongi M., Castellini G., D\'Alessandro R., Prete M. Del, Haguenauer
M., Itow Y., Kasahara K., Kawade K., Makino Y., Masuda K., Matsubayashi E., Mitsuka G., Muraki Y., Papini P.,
Perrot A.-L., Pfeiffer D., Ricciarini S., Sako T., Shimizu Y., Sugiura Y., Suzuki T., Tamura T., Tiberio A., Torii S.,
Tricomi A., Turner W. C., Zhou Q.
ANALYSIS OF COSMIC-RAY EVENTS WITH ALICE AT LHC ... 132
Rodriguez Cahuantzi M.



MODELLING HADRONIC INTERACTIONS IN HEP MC GENERATORS.......co ot 136
Skands Peter

MODELLING HADRONIC INTERACTIONS IN COSMIC RAY MONTE CARLO GENERATORS.................. 141
Pierog Tanguy

SHOWER CENTER OF GRAVITY AND INTERACTION CHARACTERISTICS ... 151
Kheyn Lev

PP INTERACTIONS IN EXTENDED AIR SHOWERS .......ooiiiiie sttt st snee s 156

Kendi Kohara A., Ferreira Erasmo, Kodama Takeshi

CONSTRAINTS OF HADRONIC INTERACTION MODELS FROM THE COSMIC MUON

(0] 0T oY N ] OSSP 163
Dedenko L. G., Lukyashin A. V., Fedorova G. F., Roganova T. M.

STUDY OF CHARM PRODUCTION IN THE FORWARD CONE AT ENERGY E ag ~ 75 TEV

WITH A TWO-STOREY X-RAY EMULSION CHAMBER EXPOSED AT, MOUNTAIN

ALTITUDES ...ttt ettt b e btk et s bt e e be e R b e s bt o1t Ee o8 b e e b4 o8 e e b e a8 b e A b e e Rt oAb e eR b e e b e e s b e b e eneenbeebe e beabeenaenbeen 168
Borisov A. S., Chubenko A. P., Denisova V. G., Galkin V. ., Guseva Z. M., Kanevskaya E. A., Kogan M. G.,
Kulikov V. N., Morozov A. E., Mukhamedshin R. A., Puchkov V. S., Nazarov S. I., Pyatovsky S. E., Shoziyoev G. P.,
Smirnova M. D., Vargasov A. V.

PHOTOPRODUCTION MODELS FOR TOTAL CROSS SECTION AND SHOWER

DEVELOPMENT ..ttt ettt b s e bt st b e e Rt e bt e s e e ke a8 b e e b e e bt e b e eR e e e bt e bt e ke e Rt e s b e e st e e b e eneenbenbeebennen 176
Cornet Fernando, Garcia Canal Carlos, Grau Agnes, Pancheri Giulia, Sciutto Sergio

INITIAL STATE CHARACTERISTICS OF PROTON-NUCLEUS COLLISIONS FROM

GLAUBER MONTE CARLO ...ttt stee e s et e s sae e s teessteesteeaseeesseeante e seeasteeaseeanteessenenseenneeanseenneeennenans 181
Rybczynski Maciej, Wlodarczyk Zbigniew

BARYON PRODUCTION AT LHC ENERGIES AND VERY HIGH ENERGY COSMIC RAY

] d L O 1 USRS 188
Piskounova O. I.

RELATION BETWEEN HADRONIC INTERACTIONS AND ULTRA-HIGH ENERGY

EXTENSIVE AIR SHOWERS ... .ottt b bbb e b e b e b e e neab e 192
Ulrich Ralf, Baus Colin, Engel Ralph
CHARM PRODUCTION IN SEBYLL ...ttt sttt sttt sb e st e besse et e sseesbeabe e b e nneennesneenennis 197

Riehn F., Engel R., Fedynitch A., Gaisser T. K., Stanev T.

CONFRONTING THE EPOS-LHC MODEL PREDICTIONS ON THE CHARGED PARTICLE

AND MUON ATTENUATION LENGTHS OF EAS WITH THE MEASUREMENTS OF THE

KASCADE-GRANDE OBSERVATORY ...tttk ettt sttt b et b e nn et ane st ane 204
Arteaga-Velazquez J. C., Apel W. D., Bekk K., Bertaina M., Blimer J., Bozdog H., Brancus I. M., Cantoni E.,
Chiavassa A., Cossavella F., Daumiller K., Souza V. De, Pierro F. Di, Doll P., Engel R., Engler J., Fuchs B.,
Fuhrmann D., Gherghel-Lascu A., Gils H. J., Glasstetter R., Grupen C., Haungs A., Heck D., Hérandel J. R.,
Huber D., Huege T., Kampert K.-H., Kang D., Klages H. O., Link K., Luczak P., Mathes H. J., Mayer H. J., Milke
J., Mitrica B., Morello C., Oehlschlager J., Ostapchenko S., Palmieri N., Petcu M., Pierog T., Rebel H., Roth M.,
Schieler H., Schoo S., Schréder F. G., Sima O., Toma G., Trinchero G. C., Ulrich H., Weindl A., Wochele J.,
Zabierowski J.

UPDATING MONTE CARLO COLLISION GENERATORS WITH LHC DATAUP TOVS =38

Capdevielle Jean-Noél
NEEDS FOR LHC EXPERIMENT PLANNING FROM RESULTS OF VERY HIGH ENERGY

COSMIC RAY INVESTIGATIONS (NEEDS-2).......cctiiieiiieiiesieieieiee ettt sttt se st sae st st aeneesassessesee s 217
Petrukhin A. A.
LIMITS ON QUARK NUGGET DARK MATTER FROM COSMIC RAY DETECTORS.......cccccccv v 222

Lawson Kyle
THE <LN A>STUDY WITH THE MUON TRACKING DETECTOR IN THE KASCADE-
GRANDE EXPERIMENT - COMPARISON OF HADRONIC INTERACTION MODELS.......c..ccccviiiiiiiiieiiens 227
Luczak P., Apel W. D., Arteaga-Velazquez J. C., Bekk K., Bertaina M., Bliimer J., Bozdog H., Brancus I. M.,
Cantoni E., Chiavassa A., Cossavella F., Curcio C., Daumiller K., Souza V. De, Pierro F. Di, Doll P., Engel R.,
Engler J., Fuchs B., Fuhrmann D., Gils H. J., Glasstetter R., Grupen C., Haungs A., Heck D., Horandel J. R.,
Huber D., Huege T., Kampert K.-H., Kang D., Klages H. O., Link K., Ludwig M., Mathes H. J., Mayer H. J.,
Melissas M., Milke J., Mitrica B., Morello C., Oehlschlager J., Ostapchenko S., Palmieri N., Petcu M., Pierog T.,
Rebel H., Roth M., Schieler H., Schoo S., Schrider F. G., Sima O., Toma G., Trinchero G. C., Ulrich H., Weindl
A., Wochele J., Zabierowski J.

MEASUREMENT OF FEYNMAN-X SPECTRA OF PHOTONS AND NEUTRONS IN THE VERY

FORWARD DIRECTION IN DEEP-INELASTIC SCATTERING AT HERA ... 232
Buniatyan Armen
MULTIPLE SHELL SHOWER FRONTS IN EAS WITH ARGO-YBUJ .....ooiiiieece et 239

Marsella G., On Behalf Of Argo-Ybj Collaboration



CRPROPA: A PUBLIC FRAMEWORK TO PROPAGATE UHECRS IN THE UNIVERSE ...

Alves Batista R.,

Winchen T.

Erdmann M., Evoli C., Kampert K.-H., Kuempel D., Miller G., Sigl G., Van Vliet A., Walz D.,

EXTRAGALACTIC CIRCUITS, TRANSMISSION LINES, AND CR PARTICLE

ACCELERATION

Kronberg Philipp P., Lovelace Richard V. E.
COSMIC RAYS AND HADRONIC INTERACTIONS ...ttt sttt

Lipari Paolo





