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DESCRIPTION OF THE COST ACTION
1.

S&T EXCELLENCE

1.1.

Challenge

1.1.1. Description of the Challenge (Main Aim)
Understanding of strong interaction physics in very hot and dense systems, such as early Universe
or compact stars, is among the most important and pressing challenges in current research. Matter
under such extreme conditions in terms of temperature and density can be created and studied with
the help of relativistic heavy-ion collisions. The main aim is to explore and reconstruct the matter’s
transport properties, phase structure, in-medium properties of hadrons and active degrees of
freedom of Quantum Chromodynamics (QCD) from the experimental measurements of individual
quantities. This COST Action “Theory of hot matter and relativistic heavy-ion collisions” (THOR) will
for the first time allow to fully exploit Europe’s exceptional potential in this field. THOR will pioneer
novel approaches to the theoretical understanding of the properties of QCD from first principles and
to the interpretations of these properties by effective models and numerical simulations of the
system’s evolution. THOR will provide new insights into the paramount questions of the field, namely
on the Equation of State at high baryon densities and high temperatures, the viscosities and heat
conductivity, the vacuum and in-medium properties of vector mesons, the modification and energy
loss of jets, heavy quark (charm and bottom) physics, event-by-event correlations and fluctuations,
approach to thermalization and onset of collectivity in small systems. Therefore THOR aims at
bringing together excellent researchers in order to pinpoint and discuss the challenges that the field
meets currently and in the near future for creating a vibrant, innovative and world-leading panEuropean research environment.
1.1.2. Relevance and timeliness
THOR will provide a unique and coordinated effort to foster the theoretical understanding of
experiments currently ongoing and planned at the major accelerator facilities: The Large Hadron
Collider (LHC) at CERN is in full operation and it is planned to continue the heavy-ion programme
for the next decade. This will need theory to define the experimental focus and to address the
observed data. The focus will be on the approach to thermalization, collectivity, viscosities, particle
spectra, high energetic jets and heavy quark physics. Parallel to LHC, the Relativistic Heavy Ion
Collider (RHIC, USA) explores the onset of deconfinement by scanning nuclear collisions at various
beam energies. Here the focus is on the identification of irregular structures due to a change of the
degrees of freedom in the phase diagram. Event-by-event fluctuations have been shown to provide
a direct connection to lattice QCD calculations, while studies of the higher order flow components
allow to pin down the viscosity of the matter. At KEK (Japan) intensive proton beams allow to explore
neutrino related questions, while the planning for the International Linear Colliders (ILC) is ongoing.
Back in Europe, at CERN’s Super-Proton Collider (SPS), experiments aim at systematic mapping of
the various regions of the phase diagram to search the critical point of QCD by colliding nuclei of
different sizes at different energies. For the high luminosity studies of the phase diagram, the
Nuclotron at the JINR Dubna, Russia will start operation soon and will be supplemented by a
dedicated collider ring called NICA that is currently being constructed. A major flagship project on
the European research timeline is the FAIR facility in Germany , which will start operation in 2018.
FAIR will allow for ultra-high luminosity beams of heavy ions and will open a new window to explore
ultra-high density matter. The focus of FAIR will be on the in-medium modifications of hadrons
(measurable via dileptons) and on pioneering studies of charm quarks near their production
threshold.

1.2.

Specific Objectives

1.2.1. Research Coordination Objectives












Synergy building: Merging knowledge of loosely connected European groups in the field working
on complementary topics.
Development of simulation tools: Common development of the next generation of simulation
tools for the modeling of heavy-ion collisions and the interpretation of the experimental data.
Development of ab-initio approaches: Joint development of new theoretical concepts for the
description of QCD matter in equilibrium and in vacuum.
Extraction of physical properties of QCD: Common development of specific signatures for the
experimental measurement of specific properties of ultra-hot and super-dense QCD matter.
Understanding collectivity: Development of a common understanding of the thermalization and
dynamics of small colliding systems (proton-proton, and proton-nucleus collisions).
Preparing Wiki page with current knowledge description.

1.2.2. Capacity-building Objectives
The main objectives of THOR are to
 provide a knowledge platform for the different communities to create a Europe wide community.
 support and strengthen atomized groups from the Inclusiveness Target Countries (ITC) by
supporting their collaboration with international partners
 improve the visibility of groups and public awareness about science in ITC in general by placing
events there.
 foster scientific collaboration with and between the Near Neighbor Countries (NNC)
 promote the integration of Early Career Investigators (ECI) into managing and decision-making
processes.
 promote female scientists as role models for the young generation by giving them positions in
management boards, as lecturers in schools, and by making them visible in outreach activities.

1.3.

Progress beyond the state-of-the-art and Innovation Potential

1.3.1. Description of the state-of-the-art
Heavy-ion collisions create novel states of matter in the laboratory which otherwise only existed
microseconds after the Big Bang or nowadays in neutron stars. An especially interesting new state
of matter at extreme temperatures and densities is called the Quark-Gluon-Plasma (QGP).
Numerical simulations of Quantum Chromodynamics (QCD) at finite temperature in
thermodynamical equilibrium indicate that in a QGP the degrees of freedom are not hadrons as in
ordinary matter but quarks and gluons, the elementary quanta of the strong interaction. Apart from
its relevance for the understanding of the first instants of the expansion of our Universe, the
characterization of such state of matter would help to understand why quarks and gluons are
confined inside hadrons in normal matter. In fact QCD is responsible for 95% of the mass of matter,
while only 5% of the mass is generated by the Higgs mechanism. The degrees of freedom of QCD
and the generation of mass constitute key open questions in fundamental physics, with immediate
implications on particle, nuclear and condensed matter physics. The present state-of-the-art,
resulting from the experimental programmes at the SPS and LHC experiments at CERN, and at the
RHIC experiments at BNL, is summarized as follows:
Bulk properties: At the high temperature frontier, i.e. LHC and RHIC, the study of bulk properties,
i.e. low momentum modes or soft probes, of the QCD medium has revealed that the initial particle
production shows a degree of thermalization that makes a nucleus-nucleus collision (even a protonnucleus one) different from a superposition of proton-proton collisions. The produced particles seem
to develop collective behaviour very quickly and the dynamics is describable by relativistic (viscous)
hydrodynamics. The formation of a thermalized system allows extracting specific values of the
transport coefficients, the degrees of freedom and the equation of state. The created medium can
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be characterized I) by a very small shear viscosity, very close to an ideal fluid - thus strongly
interacting, II) the temperature can be estimated to be above 400 MeV, III) the degrees of freedom
are quarks and gluons. Open questions are: I) How can the system reach thermalization so quickly,
II) how robust are the extracted values when the initial conditions of the simulations are varied, III)
how can the dynamics of the phase transition be understood and described.
At the high-density frontier, i.e. collision energies at CERN SPS, FAIR and NICA, the created system
is more transient and the onset of deconfinement is expected. Understanding and modeling
reactions at this lower energy demands more complicated approaches than at ultra-high energies.
Here, the system is not homogenous and quick equilibration may not be assumed. Currently one
observes irregular structures in fluctuation/correlation observables, which may be tied to the onset
of QGP formation and may indicate the existence of a critical point. From the exploration of the inmedium spectral functions of vector mesons via di-lepton experiments, one may conclude that the
widths and masses of the hadrons are strongly modified in the dense hadronic medium. In addition
also flow observables and particle number ratios do hint to irregular structures, compatible with the
onset of QGP formation at low energies. Open questions are: I) How to explore the phase diagram
at high baryon densities via lattice QCD, II) how to formulate and model the dynamics of the system
including (phase) transitions in a transient system, III) how to prove the onset of QGP formation and
chiral symmetry restoration?
Rare probes: The medium can be studied by hard probes with the help of perturbative methods.
Such probes include high momentum particles and jets, heavy quarks, and quarkonium bound
states. These probes revealed that the medium is very opaque for high momentum particles and
dissolves loosely bound quarkonium states. There is some probability of quarkonium formation via
recombination of the abundant charm quarks produced in the collision. The extracted values of the
corresponding transport coefficients point to sizeable interactions inside the produced medium,
consistent with the soft probes discussed above. Open questions are: I) What are the values of
transport coefficients for the energy loss, II) how to describe the evolution of the hard probes in the
medium, III) what is the mechanism of heavy quark and quarkonium production, IV) how do the
parton densities in the colliding nuclei look like (especially at small Bjorken-x)?
Thermalization and Collectivity: Finally, smaller systems like very high-multiplicity pp collisions,
and pA collisions, show several of the collective features found in nucleus-nucleus collisions. Here
THOR will address the approach to thermalization, the onset of collective behaviour and the minimal
size for collective mechanisms to be applicable to describe a system.
All in all, the picture of the heavy-ion collisions at RHIC and the LHC that we get is that of a dense
medium made of quarks and gluons, with sizeable interactions, but still far from the ideal, high
temperature limit of a plasma made of quasi-free quarks and gluons. At lower energies, a consistent
picture includes the onset of deconfinement and the approach to chiral symmetry restoration.
1.3.2. Progress beyond the state-of-the-art
THOR will go beyond the current state-of-the-art in the following directions:
1. Development of novel approaches to the theoretical understanding of soft and hard probes. On
the former, THOR will provide a better understanding of the interplay between initial conditions,
isotropisation time and transport coefficients, and guidance on the values and mechanism for such
isotropisation and of the form of the initial conditions. Observables and methods will be developed,
in collaboration with the experimental collaborations, on how to constrain separately the different
unknowns. On hard probes, THOR will achieve an improved understanding of the interplay of highenergy quarks and gluons with the medium, as well as in-medium physics of bound states. On soft
probes, fluctuations, and signals for the onset of deconfinement THOR will develop a detailed
understanding of the dynamics of the phase transition, as this is key to further progress.
2. In-depth theoretical understanding of the nuclear wave function, e.g. the distributions of quarks
and gluons inside nuclei and of the mechanism of particle production. They provide initial conditions
for heavy-ion collisions and for the initial fluxes of hard probes. This aim requires thorough
investigations of proton-proton and proton-nucleus collisions. THOR addresses to which extent the
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apparent collective effects in small systems are present to compromise their use as benchmark
processes.
3. THOR will develop and provide the next generation of simulations tools, in the form of (viscous)
relativistic hydrodynamics and (hybrid) transport simulations, able to describe all phases of the
collision. This will allow to explore different alternatives for the initial conditions and the preequilibrium dynamics towards isotropisation. THOR will explore the onset of collective dynamics by
hydrodynamic or transport simulations, including hadronisation of the quark and gluon system and
subsequent evolution through the hadronic matter. Such tools are of utmost importance in order to
characterize the medium with reliable uncertainties in comparison to the experimental data.
1.3.3. Innovation in tackling the challenge
The main innovation will come through the collaboration of groups in Europe that are currently
disperse and focus on different aspects of heavy-ion collisions without any established mechanism
of cross-talk. THOR will set up structured transnational communication and collaboration structures,
enabling this community to make full use of the existing know-how and manpower. It will also settle
the mechanisms to collaborate and compete, in an efficient way, with research groups outside
Europe. When such coordination and collaboration is achieved, it will benefit the existing
experimental heavy-ion programmes at the LHC and the prospects for future experimental efforts at
the SPS, FAIR, JINR, and eventually at the Future Circular Collider (FCC) or in electron-ion colliders,
either in or outside Europe. The settlement of a strong, focused European community will make it
possible to influence the future of the field at a global scale. It will also stimulate the participation of
new researchers and students with the corresponding positive development of their careers and
associated benefits to society.

1.4.

Added value of networking

1.4.1. In relation to the Challenge
The complex nature of the addressed field asks for the use of many different approaches when
tackling the problem. On the fundamental level, physics must fully be contained in the Lagrangian
formulation of Quantum Chromodynamics (QCD) and any characteristics of strongly interacting
matter should be obtained by means of perturbative and non-perturbative methods. On the other
hand, such results must be eventually connected with measured or in principle observable data. The
link is provided by phenomenological studies and transport simulations aiming at the detailed
description of the processes happening in real collisions.
Both levels of theoretical studies involve a very wide spectrum of techniques. As individual
researchers are often highly method or technique-specialized, the best way how to proceed with the
present Action is by bringing the broadly distributed expertise together into a common network.
THOR aims at the inclusion of all researchers and experts necessary for a full description of the
physics.
Numerical simulations of strongly interacting matter on the lattice provide baseline understanding of
its vacuum and equilibrium properties. They are complemented by studies, which use effective
theories. A part of those focuses at properties of hadrons, which change in the hot and dense
medium. The actual description of nuclear collisions is a complex problem requiring input from
various specialists. It is necessary to describe the initial partonic or hadronic interactions, which
relates these studies to QCD application in hadronic and/or collider physics. Subsequent evolution
of the matter is usually described in terms of transport theory and/or hydrodynamics. Today, this
requires deep expertise in massive numerical simulations. Specific questions are addressed on top
of these approaches. In particular, at the Large Hadron Collider (LHC) and at the Relativistic Heavy
Ion Collider (RHIC) there are hard processes, which are again addressed by approaches developed
in collider physics. THOR will provide comprehensive understanding of the complicated nuclear
dynamics. Partial developments in separated topics will be unified into one common picture.
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1.4.2. In relation to existing efforts at European and/or international level
Presently, there is no comparable activity devoted to this subject either on European or international
level. In the recent past the small and scientifically very narrow TURIC network existed which was a
part of the EU project Integrated Infrastructure Initiative on Hadron Physics (I3HP). In the USA a
similar but also small scale activity existed which went under the title Theory-Experiment
Collaboration for Hot QCD Matter (TECHQM). As can be seen from the title already, the scope of
the TECHQM collaboration was slightly shifted to include the collaboration with the experimentalists.
This is certainly an important point and THOR will foster the crucial aspect of communication with
the experimental groups. This is achieved by involving experimental colleagues as invited speakers
into the meetings and by mutual exchange visits. Yet the Action is designed in a way to initiate also
more technical developments leading to particular theoretical projects.
At the borderline of small temperatures and high baryon densities this Action touches the subject of
MPNS COST Action No. MP1304 Exploring fundamental physics with compact stars
(NewCompStar), which rather aims at compact stars as the main studied object. Eventually, the
results of NewCompStars, especially those on nuclear Equation of State, should be smoothly
connected to ours, but the focus of this Action is completely different and has its own connection to
astrophysical observations and experimental studies.
Importantly, this Action is complementary to ongoing and planned experimental activities. The rich
experimental activity at LHC, RHIC, FAIR and NICA calls for an adequate theoretical counterpart. In
general, thanks to high-precision and high-statistics data, innovative ideas as well as careful
comprehensive analyses including many different details are asked for in the quest for relevant
interpretation of data. Especially the latter requires joint expertise of collaborating researchers and
this Action provides the framework to create it.

2. IMPACT
2.1.

Expected Impact

2.1.1. Short-term and long-term scientific, technological, and/or socioeconomic impacts
THOR’s scientific and technological impact:
 Better simulation tools for the description of relativistic nuclear collisions. Short term: Support
existing experimental efforts and predictions of prominent qualitative signals. Long term:
Establishment of a “Standard Model” for the dynamics of heavy-ion collisions, unification of
existing hydrodynamic and particle-based approaches. Understanding of the dynamics of the
phase transition on a microscopic level, understanding of the mass generation in a dynamical
environment.
 Sharing the best techniques so that much faster progress can be made in theoretical description
of ultra-relativistic heavy-ion collisions (short-term impact)
 Coordinated contribution to the development of new physics issues for future machines – now
mainly FCC (long-term impact)
 More elaborated formulation of future research plans in Europe (long-term impact)
Socio-economic impact:
 Stimulation of more intense research activity in the periphery of the EU by increased workshop
and visiting programmes, and an increase of the political awareness for science.
 Better integration of research groups from Inclusiveness Target Countries and thus support of
high-quality research work there; this will lead to more effective use of the scientific and
intellectual potential of young students in those countries and thus to overall better scientific
performance in Europe.
 Stimulation of the attractiveness of science education in this field to increase the potential human
capital. This is especially relevant for the world outside academia where most of the scientists
will work. The focus will be on the ITC and NNC to counteract the dramatic brain drain in science.
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Setting up more intense network connections between young researchers and thus creating
prerequisites for future scientific collaboration in Europe
Common initiative in the particular field of heavy-ion theory to corroborate the leading role of
European groups through an increased attractiveness to researchers worldwide
Spin-off activities: I) Development of new methods for particle radiation therapy. II) Better
understanding of the impact of cosmic rays on climate change. III) Development of tools for Big
Data handling and high performance computing. IV) Knowledge transfer to simulations for binary
neutron star mergers. V) Knowledge transfer of the dynamics of strongly interacting systems into
condensed matter physics. VI) Knowledge transfer into the area of nuclear waste transmutation.
VII) Knowledge transfer to other areas of technology.
Prepared next generation of Early Career Investigators with leadership skills, which they gained
as Task Coordinators.
Increased visibility and leading participation of women in this scientific field.

2.2.

Measures to Maximise Impact

2.2.1. Plan for involving the most relevant stakeholders
Already at the stage of the submission of the proposal outstanding highly qualified scientists in the
field are involved into participation and support of THOR. Twenty-three COST Member States are
actively involved in the proposal. Through the network of proposers this Action will be promoted in
the national communities to ensure that it will receive substantial visibility and wide support. The
Management Committee (MC) will identify groups in COST member states not yet included.
The management structure of THOR will be established with widely respected scientists as Working
Group Coordinators who should help to attract the participation of other investigators who are not
included in the network of proposers, into the activities within the Working Groups.
In addition to that, relevant scientists will be invited to participate in network activities. When the
Steering Committee is established, also Working Group Leaders and Task Coordinators, as well as
the MC will review the participant list and identify further relevant stakeholders to be invited to
participate in the Action. Also guest scientists / experts from the IPCs will be invited to participate.
2.2.2. Dissemination and/or Exploitation Plan
Dissemination and exploitation of results in this Action is ensured at different levels, which aim at
different target groups.
 Action Participants (APs)
The main communication and dissemination tool of the Action at this level will be the web page,
which will include the open access and restricted access sections. The latter will be available to
APs and will contain internal documents not intended for general public, like progress reports,
minutes from meetings etc.
For easy and effective communication there will be also a mailing list for the APs established. A
possibility exists to organize mailing lists for each individual Working Group or Task Force.
Modern collaborative tools, like e.g. Diaspora, will be considered.
 Practitioners
There is a group of researchers active or interested in the scientific field of this Action or in a
related field, who are not Action Participants, e.g. due to residing in non-participating third
country. For their sake and also for the sake of APs, the dissemination plan includes setting up
a Wiki page, which will provide an overview of the current understanding in the scientific field.
It will be set up in such a way that a newcomer, e.g. a graduate student or a young postdoc,
will be able to get the first knowledge about the current state-of-the-art understanding and
problems to be addressed. Through it also standards will be set for good practices and
comparisons of simulation codes.
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Scientific community
The established dissemination tool at this level in physics are publications in refereed journals
and conference contributions (oral and written). In accordance with the H2020 propositions
open access journals will be preferred for the publications. Young researchers will be
particularly supported to contribute to Dissemination Meetings.
General Public
The outreach to general public with the emphasis on the young generation is an important part
of the Action dissemination strategy. Firstly, the focus is on communication channels, which are
fully under the Action’s control: web page, public presentations, and podcasts. Modern social
media will be involved in the outreach strategy due to their growing impact in the media branch
and in the broad public, particularly on young generation. This includes e.g. setting up and
maintaining an account at Facebook and twitter. In addition to this, collaboration with the media
will be supported and initiated by issuing press releases. For the coordination of these
activities, an Outreach Coordinator shall be appointed. Through the collaboration with the
European Particle Physics Communication Network (EPPCN), the International Particle
Physics Outreach Group (IPPOG) and the Nuclear Physics European Collaboration Committee
(NuPECC) the Action will get access to the best communication and outreach practices in the
field of nuclear and particle physics and will be attached and included into their activities.

2.3.

Potential for Innovation versus Risk Level

2.3.1. Potential for scientific, technological and/or socioeconomic innovation
breakthroughs
The structure and management of THOR is designed with the aim to induce and support the
knowledge exchange between researchers with different specializations and career levels. This
should lead to novel kind of collaboration connecting first-principles theoretical foundations with the
phenomenological understanding of data and lead to relevant predictions of measurable signals.
Among such results seminal works should be expected which will pin down the ultimate prediction
for the strongly interacting matter phase diagram, but also for its possibly cleanest observation.
Thorough understanding of the Equation of State should be connected with its implementation and
verification in phenomenological models. The synergy of theory and phenomenology will also bring
better knowledge of the transport properties of matter.
In order to assess the risk level connected with the achievement of these results, one should
recognize that they are subject-oriented, i.e., well defined in terms of physics outcome. The unknown
here is, which one of the available methods will finally lead to the breakthrough results. THOR will
foster the exploration of all possible relevant approaches facilitated by the exchange of ideas through
the network. Then, even if ultimate final answers would not be formed, it definitely will provide major
progress in exploration of these issues.
An important methodological step is the creation of the Wiki page as a modern dynamical source of
reference and learning tool for the targeted scientific field. This innovative dissemination tool
provides impact far beyond the timeframe of the activity. The wish is to make the Action to breaking
point—possibly even for other scientific fields—after which the current up-to-date global knowledge
will be available in form of Wiki pages. The realization of such Wiki page bears no problems for which
solutions would be unknown, so the risk level here is quite low.
THOR will be a major breakthrough for the scientific performance and recognition for teams located
in the participating Inclusiveness Target Countries. Their attachment with strong European partner
groups will boost their research, make it better visible internationally and will give these groups higher
recognition within their countries. Potentially, there might be a risk of insufficient and irregular funding
of these groups, but it is believed that their participation in THOR will also be instrumental in their
further grant applications.
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3. IMPLEMENTATION
3.1.

Description of the Work Plan

Many activities are devoted to common managing of the whole network. There are common
Objectives, Tasks, and Activities:
Objectives:
 Smooth functioning of the whole Action.
 Fostering cross-disciplinary collaboration between Working Groups.
 Public awareness about the results and impacts of THOR.
Tasks:
 Ensure coordination of activities of the THOR Action.
 Manage the funding allocated for the THOR Action.
 Take care of the required reporting towards COST Association.
 Maintain efficient communication within the network and with outside parties.
Activities:
 Face-to-face (F2F) meetings of the Management Committee
 Meetings (F2F and on-line) of the Steering Committee
 Organization of two Conferences
 Organization of three Training Schools
 Preparation of reports
 Setting up and updating the web-page of the Action
 Setting up the Wiki page
The following Milestones and Deliverables can be set up for the whole Action:
Milestones (numbers in brackets refer to months, for the time planning see also Gantt chart):
M.1.
First Management Committee (MC) meeting (1)
M.2.
Face-to-face (F2F) meeting 1 of Steering Committee (6)
M.3.
F2F meeting 2 of MC (16)
M.4.
Submission of Progress Report 1 (18)
M.5.
F2F meeting 3 of MC (34)
M.6.
Submission of Progress Report 2 (36)
M.7.
F2F meeting 4 of MC (46)
M.8.
Submission of Final Achievement Report (48)
Deliverables (for the time planning see Gantt chart):
D.1.
Minutes from the first MC meeting (2)
D.2.
Web page of the Kick-off Conference (3)
D.3.
Working webpage of the Action (3)
D.4.
Kick-off Big Conference (6)
D.5.
Presentations and discussions of the Kick-off Conference, available on-line (6)
D.6.
Functioning Wiki page (9)
D.7.
Training School 1 (14)
D.8.
Talks at the Training School 1, available online (14)
D.9.
Minutes from F2F meeting 2 of MC (17)
D.10.
Progress Report 1 (18)
12

D.11.
D.12.
D.13.
D.14.
D.15.
D.16.
D.17.
D.18.
D.19.
D.20.
3.1.1.

Training School 2 (26)
Talks at the Training School 2, available online (26)
Minutes from F2F Meeting 3 of MC (35)
Progress Report 2 (36)
Training School 3 (38)
Talks at the Training school 3, available online (38)
Closing Conference (44)
Presentation and discussion at the Closing Conference, available online (44)
Minutes from F2F meeting 4 of MC (47)
Final Achievement Report (48)

Description of Working Groups

The particular physics questions are addressed by three Working Groups.
Working Group 1: Phases of strongly interacting matter (WG1)
WG1 is oriented onto physics questions dealing with strongly interacting matter in equilibrium. It
includes ab initio lattice QCD calculations and their applications, effective modes, hadron properties
in medium and vacuum. The important objects of the studies are the Equation of State and transport
coefficients (as long as they are not used in dynamical simulation). Also, statistical models for hadron
production and the chemical composition of matter in equilibrium fall into the scope of this WG.
Objectives:
 Improvement of the theoretical knowledge of the phase diagram of strongly interacting matter,
particularly the position of the critical point.
 Improvement of the theoretical determination of the Equation of State of strongly interacting
matter.
 Closer collaboration with scientists active in WG2 and WG3.
 Training of young researchers in physics subjects related to WG1.
 Dissemination of subject-specific knowledge beyond the framework of the Action.
Tasks:
 Setting up Task Forces focused on particular problems in the description of matter under extreme
conditions.
 Sharing the theoretical knowledge about the phase diagram and properties of matter also with
other WGs.
 Appointing the Working Group Delegates and monitoring the status and progress of other WGs.
 Managing and editing the Wiki pages devoted to the physics subjects of WG1.
Activities:
 Three specialized workshops (which may take place together with other WGs)
 Short Term Scientific Missions based on the selection of candidates by the Management
Committee
 Lectures at three Training Schools
 On-line meetings of Task Force members devoted to specific subjects related to WG1
Milestones (numbers in brackets refer to months, for the time planning see also Gantt chart):
M1.1.
Meeting 1 (within Kick-off Conference) (6)
M1.2.
WG1 Workshop 1 (14)
M1.3.
WG1 Workshop 2 (26)
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M1.4.

WG1 Workshop 3 (38)

Deliverables:
D1.1.
Assignment of tasks (Wiki Page Editor, Task Coordinators) within WG1, minutes (6)
D1.2.
Discussion of results, conclusions and recommendations (available on-line)
at the WG1 Workshop 1 (14)
D1.3.
Update of task assignments (Task Coordinators) within WG1, minutes (14)
D1.4.
Update of the Wiki page concerning the subject of WG1 (23)
D1.5.
Discussion of results, conclusions and recommendations (available on-line)
at the WG1 Workshop 2 (26)
D1.6.
Update of task assignments (Task Coordinators) within WG1, minutes (26)
D1.7.
Discussion of results, conclusions and recommendations (available on-line)
at the WG1 Workshop 3 (38)
D1.8.
Update of task assignments (Task Coordinators) within WG1, minutes (38)
D1.9.
Update of the Wiki page concerning the subject of WG1 (47)
D1.10.
White paper presenting the current status of the field and identifying the needs for
the next-generation research methodologies and how these needs can be
addressed in practice on regional, national and European level.
Working Group 2: Dynamics of strongly interacting matter (WG2)
The focus of WG2 is on modeling of the evolution of fireball created in ultrarelativistic nuclear
collisions. This includes e.g. studies with hydrodynamic and transport models, as well as hybrid
approaches resulting from composition of various models. These phenomenological studies address
e.g. momentum distributions and correlations, fluctuations, femtoscopy. Also, dynamical generation
of rare particle species falls into the subjects of this WG. Formally, many Tasks, Activities,
Milestones, and Deliverables are similar to WG1, but differ by the scientific focus.
Objectives:
 Improvement of the theoretical knowledge of the phenomenological description of the evolution
of hot matter created in an ultrarelativistic nuclear collision.
 Improvement of the determination of the Equation of State and transport coefficients of strongly
interacting matter from comparisons of the results of simulations with data.
 Unified description of hard probes in the environment provided by strongly interacting bulk
matter.
 Closer collaboration with scientists active in WG1 and WG3.
 Training of young researchers in physics subjects related to WG2.
 Dissemination of subject-specific knowledge beyond the framework of the Action.
Tasks:
 Setting up Task Forces focused on particular problems in the dynamics of the fireball evolution
in ultrarelativistic heavy-ion collisions.
 Sharing the phenomenological knowledge about fireball evolution also with other WGs.
 Appointing the Working Group Delegates and monitoring the status and progress of other WGs.
 Managing and editing the Wiki pages devoted to the physics subjects of WG2.
Activities:
 Three specialized workshops (which may take place together with other WGs)
 Short Term Scientific Missions based on the selection of candidates by the Management
Committee
 Lectures on subjects related to WG2 at three Training Schools
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On-line meetings of Task Force members devoted to specific subjects related to WG2

Milestones (numbers in brackets refer to months, for the time planning see also Gantt chart):
M2.1.
Meeting 1 (within Kick-off Conference) (6)
M2.2.
WG2 Workshop 1 (14)
M2.3.
WG2 Workshop 2 (26)
M2.4.
WG2 Workshop 3 (38)
Deliverables:
D2.1.
Assignment of tasks (Wiki Page Editor, Task Coordinators) within WG2, minutes (6)
D2.2.
Discussion of results, conclusions and recommendations (available on-line)
at the WG2 Workshop 1 (14)
D2.3.
Update of task assignments (Task Coordinators) within WG2, minutes (14)
D2.4.
Update of the Wiki page concerning the subject of WG2 (23)
D2.5.
Discussion of results, conclusions and recommendations (available on-line)
at the WG2 Workshop 2 (26)
D2.6.
Update of task assignments (Task Coordinators) within WG2, minutes (26)
D2.7.
Discussion of results, conclusions and recommendations (available on-line)
at the WG2 Workshop 3 (38)
D2.8.
Update of task assignments (Task Coordinators) within WG2, minutes (38)
D2.9.
Update of the Wiki page concerning the subject of WG2 (47)
D2.10.
White paper presenting the current status of the field and identifying the needs for
the next-generation research methodologies and how these needs can be
addressed in practice on regional, national and European level.
Working Group 3: Initial state and hard probes (WG3)
Physics focus of WG3 is on early processes in nuclear collisions at highest available energies and
on related subjects. Thus it includes parton distribution functions in pp and nuclear collisions,
shadowing and gluon saturation. Next studied are hard probes like jets with particular stress on their
quenching and energy loss. This WG also deals with issues related to the production and further
evolution of heavy quarks. Many of these topics are related to the dynamical evolution of the bulk
part of the fireball and thus close collaboration with WG2 is expected.
Objectives:
 Improved description of the initial state of the nucleus incoming into an ultrarelativistic collision.
 Improvement in the theoretical determination of parton energy loss in hot matter.
 Unified description of hard probes in the environment provided by strongly interacting bulk
matter.
 Closer collaboration with scientists active in WG2 and WG3.
 Training of young researchers in physics subjects related to WG3.
 Dissemination of subject-specific knowledge beyond the framework of the Action.
Tasks:
 Setting up Task Forces focused on particular problems in the description of initial state of the
nucleus and production of hard probes.
 Sharing the knowledge about hard probes evolution also with other WGs.
 Appointing the Working Group Delegates and monitoring the status and progress of other WGs.
 Managing and editing the Wiki pages devoted to the physics subjects of WG3.
Activities:
 Three specialized workshops (which may take place together with other WGs)
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Short Term Scientific Missions based on the selection of candidates by the Management
Committee
Lectures on subjects related to WG3 at three Training Schools
On-line meetings of Task Force members devoted to specific subjects related to WG3

Milestones (numbers in brackets refer to months, for the time planning see also Gantt chart):
M3.1.
Meeting 1 (within Kick-off Conference) (6)
M3.2.
WG3 Workshop 1 (14)
M3.3.
WG3 Workshop 2 (26)
M3.4.
WG3 Workshop 3 (38)
Deliverables:
D3.1.
Assignment of tasks (Wiki Page Editor, Task Coordinators) within WG3, minutes (6)
D3.2.
Discussion of results, conclusions and recommendations (available on-line)
at the WG3 Workshop 1 (14)
D3.3.
Update of task assignments (Task Coordinators) within WG3, minutes (14)
D3.4.
Update of the Wiki page concerning the subject of WG3 (23)
D3.5.
Discussion of results, conclusions and recommendations (available on-line)
at the WG3 Workshop 2 (26)
D3.6.
Update of task assignments (Task Coordinators) within WG3, minutes (26)
D3.7.
Discussion of results, conclusions and recommendations (available on-line)
at the WG3 Workshop 3 (38)
D3.8.
Update of task assignments (Task Coordinators) within WG3, minutes (38)
D3.9.
Update of the Wiki page concerning the subject of WG3 (47)
D3.10.
White paper presenting the current status of the field and identifying the needs for
the next-generation research methodologies and how these needs can be
addressed in practice on regional, national and European level.
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3.1.3. Risk and Contingency Plans






Problems at the accelerator facilities, resulting in a tuned down schedule for runs with
accelerated nuclei. This might influence some comparisons to data, which would require high
statistics or specific triggers. There are plenty data taken by now, however, which can be
evaluated and need to be interpreted. Thus even without new data from the experiments, THOR
can reasonably work further.
Constraints on the experimental programmes to deliver data, for example because of
discontinuation of financing of the facility. This is rather unlikely, but similar to the first point the
scope of this framework is so broad that missing input from one facility would not set a critical
thread to the success of the Action.
Loss of adequate funding particularly in the Inclusiveness Target Countries. The shortage of
available means in some countries may affect the ability of local groups to do active research.
However, by supporting the networking activities of scientists in the ITC’s with the help of THOR
they would be able to overcome such a period easier.
Instability of the positions of young researchers and the risk of their departure from academic
career. Such a risk exists in any scheme that is aimed to support young researchers. By taking
part in the planned activities they enhance their visibility and improve their chances on the job
market (in and outside of academia). This well known instability of the junior scientist positions
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would only endanger the Action, if the majority of young researchers will loose their positions at
the same time. This is very unlikely.

3.2.

Management structures and procedures

In general, in order to fulfill its objectives THOR will make use of all mechanisms available under the
COST scheme. The management structure is designed to be flexible so that it can react to any needs
following from the joining of new countries and from the appearance of interesting new topics to be
addressed by the research.
The work will be divided into three Working Groups, in order to stimulate in-depth collaboration on
particular subjects. The WGs will meet in annual workshops. It is possible that more WGs hold their
annual workshop together in order to support knowledge transfer between the WGs and use the
project funding efficiently. For initiation and conclusion of the THOR Action two large-scale
conferences will be organized for all WGs in common. Locations in Inclusiveness Target Countries
will be considered preferentially for the events in accord with the objective to support the inclusion
of ITCs and the visibility of groups there.
When organizing the meetings, attention will be given to family-related issues in appropriate
measures so that the Action activities are accessible for researchers taking care of small children.
These may include: choosing locations with reasonable accessibility and favorable time of the
meeting, considering organization of childcare services, and others.
At all levels of the management structure, at conferences and all programmes THOR will actively
promote the integration of female scientists and young researchers to take responsibilities and to
obtain visibility. It is the task of Equal Opportunity Coordinator to oversee these arrangements.
The added value of the Action is to foster the dialogue and stretching the collaboration over two or
three WGs. To stimulate this, each WG will appoint Working Group Delegates (WGD) to other WGs.
Their task is to follow the studied topics and progress in the WG to which they are sent and report
to the home WG. This will be achieved by participation in workshops of both WGs workshops and
following the online meetings. WGDs are also appointed to identify tasks, which need to be
performed by joined forces of more WGs and initiate such task forces.
In order to elaborate on a particular task the WG alone or together with other WGs can set up Task
Forces led by Task Coordinators (TC). Each Task Force shall report its outcome in the Wiki page
set up by the Action. Annually, Training Schools for young researchers will be organized.
In accord with the COST rules, THOR will also grant funding for Short Term Scientific Missions,
preferably to young researchers. Its structure and duties follow from the need to ensure smooth and
productive fulfillment of the above working plan.
Management Committee (MC) is the governing body of the Action in accord with COST Rules for
Participation in and Implementation of COST Activities. It is chaired by the Action Chair (AC) and
Action Vice Chair (AVC). It convenes face-to-face at least once a year, preferably in association
with Working Group Meetings, Workshops or large Action Conference.
Working Group Leaders (WGL) oversee the activity of each Working Group and appoint Task
Coordinators to manage the work on specific topics within the group. WGL is responsible for the
organization of annual Working Group Workshops. WGLs are appointed in the first meeting of MC
through simple vote and can be replaced by MC through the same procedure.
Task Coordinators (TC) manage the actual progress on specific task addressed by the working
group. TC is appointed by the WGL and preferably is a young scientist who is willing to gain
experience in managing tasks. TC collaborates with WGL in preparing the meetings of the Working
Group.
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Working Group Delegates (WGD) are members of given WG appointed by each WGL to monitor
the progress in another WG and report to their own WG. They ensure the transfer of knowledge
between individual Working Groups. Usually, WGD would be chosen among respected scientists
with broad overview who would be interested in the work of more WGs.
Equal Opportunity Coordinator (EOC) is responsible for identifying, proposing and fulfilling the
tasks for ensuring equal opportunities for all researchers to participate in the Action. EOC is elected
in the first MC meeting and can be changed by MC via election of a new EOC.
Outreach Coordinator (OC) motivates and coordinates outreach activities devoted to the topic of
this Action at the participating institutions and on international level. OC keeps records of all
organized outreach activities for future reference and reporting. OC is elected at the first MC meeting
and can be replaced by the MC. OC collaborates with WM.
Website Manager (WM) is responsible for setting up and managing of the webpage of the Action.
Wiki-Page Manager (WPM) is responsible for setting up and managing the Wiki page summarizing
the state of the art and the currently addressed projects of the Action.
Wiki-Page Editor (WPE) is established in every WG and/or Task Force. She/he is responsible for
preparing or updating the information concerning the subject of the WG or Task Force on the Action
Wiki Page.
Steering Committee (SC) oversees the smooth running of THOR and coordinates all its activities.
It prepares materials for the MC meetings and reports to the MC. It includes AC, AVC, WGLs, EOC,
OC, and at least two additional members elected by MC. SC must include the Scientific
Representative of the Grant Holding Institution. ITCs should be represented in the SC at least in the
same proportionality as they are represented in the Action. SC convenes regularly at least every 8
weeks by phone conference, but every member of SC can ask the AC to call an ad-hoc meeting if
the situation requires this. SC is appointed at the first Management Committee meeting.

3.3.

Network as a whole

THOR will for the first time connect all European groups active in the studies of extremely hot and
dense strongly interacting matter. The network of more than 50 proposers from 23 countries includes
esteemed scientists and excellent young researchers.
The Network of Proposers is geographically well spread over a large number of COST Member
Countries and COST Inclusiveness Target Countries are well represented. Such a large and diverse
Network of Proposers allows to set-up the managing structures of the Action in a balanced way in
terms of expertise, geography, age and gender. This, in turn, will further lead to an optimal
distribution of tasks within the WGs and a balanced organization of the events and activities. One
European RTD Organization is included at the proposal stage. This is fully appropriate because of
the contribution of theory group there. The THOR network at the proposal stage stretches to two
Near Neighbor Countries. In general, participating institutions from these countries posses a great
deal of expertise and a joint European network gains substantially by their participation in the quest
for new ideas to tackle the important scientific objectives. This inclusion fosters the collaboration of
those research groups with the European Research Area.
An important objective of THOR is the promotion of Early Career Investigators and female scientists.
Their active participation in leading roles in THOR is crucial to leverage Europe’s full intellectual
potential in this field. While many Early Career Investigators and female researchers are already
among the proposers, more will be identified during the life time of the Action.
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