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MAIN TOPICS

The main topics covered during the workshop were

· QCD predictions for multiparticle production at very high energy and their implementation in Monte Carlo simulation packages: PYTHIA, HERWIG, SHERPA, PHOJET, DPMJET, QGSJET, SIBYLL, EPOS, QGSM, FLUKA; 

· theoretical and experimental developments on diffractive and elastic scattering at multi-TeV energies; 

· theoretical approaches to understand multi-parton dynamics and underlying event in hadronic collisions; 

· theoretical and experimental developments on low-x QCD and forward particle production; 

· theoretical developments on modeling of cosmic-ray showers; 

· experimental results on inclusive hadron production at the LHC and other colliders (RHIC, HERA, Tevatron); 

· latest experimental measurements of cosmic-rays in the 1015 - 1020 eV range: Auger, HiRes, TA, KASCADE-Grande, Argo, IceCube. 

organized around four main blocks:

1. Hadronic collisions at multi-TeV energies: Experimental results

2. Hadronic collisions at multi-TeV energies: Theory

3. Cosmic-rays at Ultra-High Energies: Experimental results

4. Cosmic-rays at Ultra-High Energies: Theory

SPEAKERS:

In parentheses we indicate the experimental collaboration or theoretical model and the affiliation of each speaker:

Bruno Alessandro (ALICE, Torino),

Doug Bergman (HiRes, Salt Lake City),

Massimo Bongi (LHCf, Florence),

Armen Bunyatyan (HERA, Yerevan & Hamburg),

Lorenzo Cazon (Auger, Lisbon),

David d’Enterria (Geneva),

Ivan de Mitri (ARGO-YBJ, Lecce),

Paul Doll (KASCADE-Grande, Karlsruhe),

Ralph Engel (SIBYLL, Karlsruhe),

Karsten Eggert (TOTEM, Cleveland),

Maria Garzelli (FLUKA, Milano),

Lisa Gerhardt (IceCube, Berkeley),

Stefan Gieseke (HERWIG, Karlsruhe),

Rohini Godbole (Bangalore & Geneva),

Jan Fiete Grosse-Oetringhaus (ALICE, Geneva),

Gosta Gustafson (Lund),

Thomas Hebbeker (CMS, Aachen),

Katsuaki Kasahara (Tokyo),

Yoshio Kitadono (Tsukuba),

Lev Kheyn (CMS, Moscow),

Joanna Kiryluk (STAR, Berkeley),

Paolo Lipari (Roma),

Sergey Ostapchenko (QGSJET, Tromso),

Tanguy Pierog (CORSIKA, Karlsruhe),

Olga Piskounova (QGSM, Moscow),

Johannes Ranft (DPMJET-III, Siegen),

Amir Rezaeian (Valparaiso),

Andrey Rostovtsev (Moscow),

Nobuyuki Sakurai (TA, Osaka),

Sebastian Sapeta (Paris),

Sebastian Schleich (LHCb, Dortmund),

Holger Schulz (Berlin),

Torbjorn Sjostrand (PYTHIA 8, Lund),

Lars Sonnenschein (Tevatron, Aachen),

Mark Sutton (ATLAS, Sheffield),

Ralf Ulrich (Karlsruhe),

Klaus Werner (EPOS, Nantes),

Korinna Zapp (SHERPA, Durham)

SCIENTIFIC REPORT:

The origin and nature of cosmic rays (CRs) with energies between 1015 eV and the so-called Greisen-Zatsepin-Kuzmin (GZK) suppression at about 1020 eV, recently measured by the HiRes and Auger experiments, remains a central open question in high-energy astrophysics with very interesting connections to particle physics and, in particular, to Quantum Chromodynamics (QCD) at the highest energies ever studied. One key to solving this question is the determination of the elemental composition of cosmic rays in this energy range. The candidate particles, ranging from protons to nuclei as massive as iron, generate “extensive air-showers” (EAS) in interactions with air nuclei when entering the Earth’s atmosphere. The determination of the primary energy and mass relies on hadronic Monte Carlo models, which describe the interactions of the primary cosmic ray in the upper atmosphere.

The bulk of particle production in such high-energy hadronic collisions can still not be calculated within first-principles QCD and general principles such as unitarity and analyticity (as implemented in Regge-Gribov theory) are often combined with perturbative QCD predictions for high-pT processes, constrained by the existing collider data (Elab ~ 1015 eV). Important theoretical issues at these energies are the understanding of diffractive and elastic hadronic scattering contributions, the description of hadronic forward fragmentation and multi-parton interactions (“underlying event”), and the effect of high parton densities (“gluon saturation”) at small values of parton fractional momentum x = pparton/pproton. Indeed, at these energies, the relevant Bjorken-x values are as low as 10-7, where effects like gluon saturation and multi-parton interactions, particularly enhanced with nuclear targets, are expected to dominate the early hadron collision dynamics.

The current energy frontier for hadron collisions in the laboratory is reached at the Large Hadron Collider (LHC), currently under operation at CERN. The measurement of inclusive hadron production observables in proton-proton, proton-nucleus, and nucleus-nucleus collisions, at LHC energies (equivalent to Elab ≈ 1017 eV) will provide very valuable information on high-energy multiparticle production, and allow for more reliable determinations of the CR energy and composition around the GZK cutoff. In the high luminosity phase of LHC, each bunch crossing will lead to several proton-proton interactions, increasing even more the importance of understanding the background from diffractive and soft particle production. Semi-hard particle physics will allow one to test the boundaries of the applicability of perturbative QCD in the region where low-x gluon saturation phenomena become increasingly important and may even dominate particle production. 

All LHC experiments feature detection capabilities with a wide phase-space coverage without parallel, in particular in the forward direction, compared to previous colliders. Such capabilities allow for a (fast) measurement of global hadron-hadron collision properties (inelastic – including diffractive – cross sections, particle multiplicity and energy flows as a function of pT and pseudorapidity, …) even with the moderate statistics of a first pp and PbPb run. The aim of the Workshop was to discuss theoretical and experimental issues connected to hadronic interactions of common interest for high-energy particle and cosmic-ray physics. With the recent high-quality cosmic-ray results from the HiRes and Auger experiments and the first available LHC data it seemed a timely moment to have such a meeting in autumn 2010. The Workshop brought together experts, both theorists and experimentalists, in QCD and cosmic-ray physics in view of expanding the mutually beneficial interface between two communities currently exploring the physics of strong interactions at the highest energies accessible.

RESULT AND HIGHLIGHTS

The Workshop was a very useful opportunity to discuss all the aforementioned interdisciplinary physics topics, and this was in fact perceived by all the participants. The fact that three different, yet closely related, communities – such as high-energy particle, high-energy nuclear and particle astrophysics – with a 50%-50% component of theorists and experimentalists each presented their results to an audience which was not always fully aware of the details of the measurements/ calculations resulted in a extremely stimulating environment where illuminating discussions were the rule. Beyond doubt, the central characteristics of the meeting was the very open and live discussions that took place during and after each one of the talks (as a matter of fact, the average time per talk turned out to be about 1 hour in all 4 sessions and the schedule extended systematically 2-3 hours beyond the originally planned timetable every day), that helped clarifying many open issues in the experimental and theoretical field of high-energy hadronic interactions. As a result of the discussions, various scientific collaborations between participants were either strengthened or started up after the workshop.

A complete and detailed discussion of all the results presented during the workshop would be too lengthy. Instead we decided to request a 1-page summary from each speaker and produce a 46-pages “miniproceedings” posted in the arXiv preprint server:

Hadron-Hadron and Cosmic-Ray Interactions at multi-TeV Energies

Authors: B. Alessandro, D. Bergman, M. Bongi, A. Bunyatyan, L. Cazon, D. d'Enterria, I. de Mitri, P. Doll, R. Engel, K. Eggert, M. Garzelli, L. Gerhardt, S. Gieseke, R. Godbole, J.F. Grosse-Oetringhaus, G. Gustafson, T. Hebbeker, L. Kheyn, J. Kiryluk, P. Lipari, S. Ostapchenko, T. Pierog, O. Piskounova, J. Ranft, A. Rezaeian, A. Rostovtsev, N. Sakurai, S. Sapeta, S. Schleich, H. Schulz, T. Sjostrand, L. Sonnenschein, M. Sutton, R. Ulrich, K. Werner, K. Zapp
(Submitted on 10 Jan 2011)

Abstract: The workshop on "Hadron-Hadron and Cosmic-Ray Interactions at multi-TeV Energies" held at the ECT* centre (Trento) in Nov.-Dec. 2010 gathered together both theorists and experimentalists to discuss issues of the physics of high-energy hadronic interactions of common interest for the particle, nuclear and cosmic-ray communities. QCD results from collider experiments -- mostly from the LHC but also from the Tevatron, RHIC and HERA -- were discussed and compared to various hadronic Monte Carlo generators, aiming at an improvement of our theoretical understanding of soft, semi-hard and hard parton dynamics. The latest cosmic-ray results from various ground-based observatories were also presented with an emphasis on the phenomenological modeling of the first hadronic interactions of the extended air-showers generated in the Earth atmosphere. These mini-proceedings consist of an introduction and short summaries of the talks presented at the meeting. 

	
Comments: 
	46 pages, 13 figures; Mini-proceedings ECT* Workshop, Trento, Nov. 28 - Dec. 3, 2010

	Subjects: 
	High Energy Physics - Experiment (hep-ex); High Energy Astrophysical Phenomena (astro-ph.HE); High Energy Physics - Phenomenology (hep-ph); Nuclear Experiment (nucl-ex); Nuclear Theory (nucl-th)

	Cite as: 
	arXiv:1101.1852v1 [hep-ex]


The detailed programme, not including the significant time overruns already noted above, follows:

Monday, 29 November 2010

09:00 ECT* Director Welcome (15’) A. Richter

09:15 Workshop introduction (15’) D. d’Enterria

09:30 ATLAS QCD results (30’+15’) M. Sutton

10:15 First CMS results (30’+15’) T. Hebbeker

11:00 Particle multiplicity in p-p and HI collisions at colliders (30’+15’) J.F. Grosse-Oetringhaus

14:00 LHCb QCD results (30’+15’) S. Schleich

14:45 TOTEM results & perspectives (30’+15’) K. Eggert

15:30 LHCf results (30’+15’) M. Bongi

16:00 Tevatron QCD results (30’+15’) L. Sonnenschein

16:45 HERA results of relevance for cosmic rays (30’+15’) A. Bunyatyan

Tuesday 30 November 2010

09:00 Monte Carlo tuning at the LHC (30’+15’) H. Schulz

09:45 Parton Correlations and fluctuations (30’+15’) G. Gustafson

10:30 SHERPA Monte Carlo (30’+15’) K. Zapp

11:00 HERWIG Monte Carlo (30’+15’) S. Gieseke

11:45 PYTHIA 8 (30’+15’) T. Sj¨ostrand

14:00 Total cross sections at very high energies (30’+15’) R. Godbole

14:45 Jets and the Underlying Event (30’+15’) S. Sapeta

15:30 Gluon Saturation at the LHC from CGC (30’+15’) A. Rezaeian

Wednesday 1 December 2010

09:00 ALICE cosmic ray results (30’+15’) B. Alessandro

09:45 CMS results of relevance for cosmic-rays (30’+15’) L. Kheyn

10:30 STAR results of relevance for cosmic rays (30’+15’) J. Kiryluk

11:00 Hadron production in collider experiments (30’+15’) A. Rostovtsev

11:45 Baryon production at collider energies (30’+15’) O. Piskounova

14:00 DPMJET-III: LHC predictions (30’+15’) J. Ranft

14:45 Introduction to cosmic rays physis (30’+15’) R. Engel

15:30 Cross section measurements using cosmic ray data (30’+15’) R. Ulrich

Thursday 2 December 2010

09:00 IceCube results (30’+15’) L. Gerhardt

09:45 Telescope-Array results (30’+15’) N. Sakurai

10:30 Auger results (30’+15’) L. Cazon

11:00 ARGO-YBJ results (30’+15’) I. De Mitri

11:45 KASCADE-Grande results (30’+15’) P. Doll

14:00 HiRes results (30’+15’) D. Bergman

14:45 UHECRs and hadronic interactions (30’+15’) P. Lipari

15:30 Air shower predictions and features of hadronic interactions (30’+15’) R. Ulrich

Friday 3 December 2010

09:00 SIBYLL Monte Carlo (30’+15’) R. Engel

09:45 QGSJET-II Monte Carlo (30’+15’) S. Ostapchenko

10:30 EPOS Monte Carlo (30’+15’) K. Werner

11:00 FLUKA Monte Carlo (30’+15’) M. V. Garzelli

11:45 Comparison of UHCR models to LHC data (30’+15’) T. Pierog
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