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and in fact... DEEDS of AYSE-BIRRANGULU

Bringing all our community to see new stars

With a lot of success: 270 participants, 28 plenary talks, 3 round tables, more than
270 parallel talks, a poster session

Giving structure to the conference: first time that all parallel talks are perfectly
synchronized!

Gathering all the funds for a very expensive edition

Integrating young generations In the conference, see master class (credits also
to Yiota and Jonivar), outreach, public talk

Preparing an overarching very stimulating scientific program acting as a melting pot
of strong interaction cultures

Introducing an Asia-Pacific regional committee

Bringing the conference to Australia



Organizing Committee Wally
- (Jlab) ’

Martin

White N.Brambilla

Co-chair

(TUM)

covering all
areas of the QCHS Anthony
in fact served as Willlams
conveners in all

Derek Lelnweber James Zanotti Sessions



South Korea _ Japan Asia- Pacific Regional

s Organising Committee

-Nicole Bell (U. Melbourne)
Jiunn-Wei Chen (Nat. Taiwan U.)
Victor Flambaum (UNSW)
)ny Francis (National Yang Ming Chiao Tung
Tetsuo Hatsuda (RIKEN iTHEM)
Masakiyo Kitazawa (Kyoto U.)
Pyungwon Ko (Korean Inst. Adv. Study)
Su Houng Lee (Yonsei U.)
avid Lin (National Yang Ming Chiao Tung U.)
Zhanwei Liu (Lanzhou U.)
Makoto Oka (RIKEN)
Craig Roberts (Nanjing U.)
Xiaoyan Shen (IHEP)
Cedric Simenel (Australian National U.)
Hideo Suganuma (Kyoto U.)
Ping Wang (IHEP)
Jiajun Wu (UCAS)
Chang-Zhang Yuan (IHEP)
Shi-Lin Zhu (Pekin U.)
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International Advisory Committee

A. Andrianov (St. Petersburg SU, Russia)
M. Baker (U. of Washington, USA)

G. Bodwin (Argonne NL, USA)

A. Buras (TU Minchen, Germany)

G. Colangelo (Bern U., Switzerland)

M. Creutz (Brookhaven NL, USA)

G. Ecker (U. of Vienna, Austria)

E. Eichten (Fermilab, USA)

M. Faber (TU Vienna, Austria)

P. Foka (GSI, Germany)

N. Kaiser (TU Munchen, Germany)

G. Krein (UNESP, Brazil)

W. Lucha (HEPHY, Austria)

T. Mannel (Siegen, Germany and Oxford, UK)
A. Manohar (U. of California, USA)

G. Matrtinelli (U. Rome La Sapienza, ltaly)
K. Maung (U. of Southern Mississippi, USA)

M. Neubert (JGU Mainz, Germany)
S. Paul (TU Mldnchen, Germany)
J. Pelaez (UC Madrid, Spain)

K. Peters (GSI, Germany)

A. Pich (U. Valencia, Spain)

G. Prosperi (U. of Milan, ltaly)

H. Reinhardt (Tubingen U., Germany)
J. E. Ribeiro (IST Lisboa, Portugal)

A. Rothkopf (U. of Stavanger, Norway)
H. Sazdijan (IPN Orsay, France)

A. Shindler (Aachen U., Germany)

J.l. Skullerud (Maynooth U., Ireland)
M. Shifman (U. of Minnesota, USA)

J. Soto (U. of Barcelona, Spain)

H. Suganuma (Kyoto U., Japan)

H. Toki (Osaka U., Japan)

A. Vairo (TU Minchen, Germany)
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M. Baker (U. of Washington, USA)
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A. Buras (TU Minchen, Germany)

G. Colangelo (Bern U., Switzerland)
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G. Ecker (U. of Vienna, Austria)

E. Eichten (Fermilab, USA)

M. Faber (TU Vienna, Austria)

P. Foka (GSI, Germany)

N. Kaiser (TU Munchen, Germany)

G. Krein (UNESP, Brazil)

W. Lucha (HEPHY, Austria)

T. Mannel (Siegen, Germany and Oxford, UK)
A. Manohar (U. of California, USA)

G. Matrtinelli (U. Rome La Sapienza, ltaly)
K. Maung (U. of Southern Mississippi, USA)

Two commemorative talks
Sasha Andrianov (Domenech Espriu)
Carlo Guaraldo (Catalina Curceanu

M. Neubert (JGU Mainz, Germany)
S. Paul (TU Mldnchen, Germany)
J. Pelaez (UC Madrid, Spain)

K. Peters (GSI, Germany) Concert by Kalliopi Petrou and

A. Pich (U. Valencia, Spain) Tommaso Dorigo

G. Prosperi (U. of Milan, ltaly)

Public Talk Tamara Davis

Poster session, Wine
and poster prizes

H. Reinhardt (Tubingen U., Germany)
J. E. Ribeiro (IST Lisboa, Portugal)
A. Rothkopf (U. of Stavanger, Norway)

H. Sazdijan (IPN Orsay, France) _ _
Conference dinner with

Jamie Seymour talk

A. Shindler (Aachen U., Germany)
J.l. Skullerud (Maynooth U., Ireland)

M. Shifman (U. of Minnesota, USA)
The Unknown: tomorrow trips to

The coral reef, the rainforest, the
Aboriginal experience....

J. Soto (U. of Barcelona, Spain)
H. Suganuma (Kyoto U., Japan)
H. Toki (Osaka U., Japan)

A. Vairo (TU Minchen, Germany)



Backbone and living structure of the QCHS are the Sessions and the Conveners!

A: Vacuum structure and confinement

Mechanisms of quark confinement (vortices, monopoles, calorons...) and the structure of the vacuum in non-Abelian gauge theories. Chiral symmetry breaking, and the Dirac spectrum ir
the low-momentum region. Studies of ghost and gluon propagators. Confining strings and flux tubes, their effective actions. Renormalons and power corrections. Interface between
perturbative and non-perturbative physics.

Conveners: D. Antonov (ITP, U. Heidelberg), J. Greensite (San Francisco State U.), M. Faber (Technical U., Vienna), T. Cohen (U. Maryland) Local Convener: D. Leinweber (U. Adelaid

Focus Subsection Topology and confinement at borderlines of particle physics and condensed matter: emergent confinement in cold atoms and Anderson criticality in the QCD
deconfinement transition.

Conveners: |. Horvath (U. Kentucky), J. C. Halimeh (Ludwig Maximilian U. of Munich), M. C. Diamantini (U. Perugia)

B: Light Quarks

Chiral and soft collinear effective theories; sum rules; lattice calculations; Schwinger-Dyson equations; masses of light quarks; light-quark loops; phenomenology of light-hadron form
factors, spectra and decays; structure functions and generalised parton distributions; exotics and glueballs; experiments.

Conveners: B. Ketzer (Bonn U.), M. Constantinou (Temple U.), H. Sazdjian (IJCLab, Orsay), N. G. Stefanis (Ruhr U. Bochum) Local Conveners: J. Zanotti, A. Kizilersu (U. Adelaide)

C: Heavy Quarks

Heavy-light mesons, heavy quarkonia, heavy baryons, heavy exotics and related topics: phenomenology of spectra, decays, and production; effective theories for heavy quarks (HQET,
NRQCD, pNRQCD, vNRQCD, SCET); sum rules for heavy hadrons; lattice calculations of heavy hadrons; heavy-quark mass determinations; experiments.

Conveners: H. S. Chung (Korea U.), R. Mussa (INFN Torino), J. Soto (U. Barcelona), A. Vairo (Technical U. Munich), F. Knechtli (U. Wuppertal) Local Convener: U. Can (U. Adelaide)

D: Deconfinement

QCD at finite temperature; quark-gluon plasma detection and characteristics; jet quenching; transport coefficients; lattice QCD and phases of quark matter; QCD vacuum and strong fields;
heavy-ion experiments; experiments.

Conveners: Y. Foka (GSl), J. Ghiglieri (SUBATECH, Nantes), P. Petreczky (BNL), F. Ringer (JLab), J. Pawlowski (U. Heidelberg)



Backbone and living structure of the QCHS are the Sessions and the Conveners!

E: QCD and New Physics
Physics beyond the Standard Model from hadronic physics, including precision experimental data and precision calculations.

Conveners: W. Detmold (MIT), S. Gardner (U. Kentucky), W. Marinkovic (ETH Zurich), G. Ricciardi (U. Napoli), W. Korsch (U. Kentucky) Local Convener: R. Young (U. Adelaide)

F: Nuclear and Astro-particle Physics
Nuclear matter; nuclear forces; quark matter; neutron and compact stars.

Conveners: M. Alford (Washington U. St. Louis), D. Blaschke (U. Wroclaw), J. Marton (SMI Vienna), A. Schmitt (U. Southampton), E. Epelbaum (Ruhr U. Bochum) Local Conveners:
A.W. Thomas (U. Adelaide), W. Melnitchouk (JLab, USA & U. Adelaide)

G: Strongly-Coupled Theories and Dark Matter

Hints on the confinement/deconfinement mechanisms from supersymmetric and string theories; strongly-coupled theories beyond the Standard Model; applications of nonperturbative
methods of QCD to other fields; strongly-coupled scenarios of BSM and Dark Matter.

Conveners: D. Espriu (U. Barcelona), Z. Fodor (U. Wuppertal), R. Pasechnik (Lund U.), V. Vento (U. Valencia), M. Spannowsky (U. Durham) Local Convener: A.G. Williams (U. Adelaide

H: Statistical Methods for Physics Analysis in the XXIst Century
Machine learning techniques; data fitting and extraction of signals; new developments in unfolding methods; averaging and combination of results.

Conveners: T. Dorigo (U. Padova), S. V. Gleyzer (U. Alabama), E. Rinaldi (Quantinuum) Local Convener: M. White (U. Adelaide)
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30 YEARS OF CONFINEMENT!

In 30 years that | organized this conference the field showed an immense vitality, the impact and
richness of this research field

It changed very much out of his original name, now obsolete, and developed new sessions on
many new areas continuously incorporating novel tools and frontiers

The conference has by now become an important discussion forum in all areas connected to
strong interactions. It is transversal to any strong correlated physics field !

QCHS puts together practitioners in perturbative physics, effective field theories, models, lattice

QCD, finite T and mu, Schwinger-Dysons, Strings, AdS/CFT, ML, holography, computations,
functional renormalisation group...... theorists and experimentalists

Most importantly..



QCD and strongly coupled gauge theories: challenges and perspectives

N. Brambilla*T,! S. Eidelman',%3 P. Foka'™ % S. Gardner'™,°> A.S. Kronfeld',®
M.G. Alford*,” R. Alkofert,® M. Butenschon*,? T.D. Cohen*,'0 J. Erdmenger*,!' L. Fabbiettit,!?
M. Faber* '3 J.L. Goity*,1*1® B. Ketzert3,! H-W. Lin*,'® F.J. Llanes-Estrada*,'”
H.B. Meyert,'® P. Pakhlovt 1?20 E. Pallantet,?! M.I. Polikarpov’,'¥-2° H. Sazdjiant,??
A. Schmitt*,?3 W.M. Snow*,2* A. Vairo*,! R. Vogt* 2>:26 A Afdrieh?,?” H. Wittigh, 18
P. Arnold,?® P. Christakoglou,?”® P. Di Nezza,? Z. Fodor,*" #& %) X. ‘Garcia i Tormo,?>* R. Hollwieser, '3
M.A. Janik,?®> A. Kalweit,?® D. Keane,?”, Ey Kirits®,>® >%40 A Mischke,*! R. Mizuk,!?: 4
G. Odyniec,*? K. Papadodimas,?! A Pih¥* R. Pittau,* J.-W. Qiu,*®**" G. Ricciardi,*® 4"
C.A. Salgado,”® K. Schwenzer Y NG \Stefanis,”! G.M. von Hippel,'® and V.I. Zakharov!!: 19

Ve highlight the progress, current status, and open challenges ot (QUD-driven physics, 1n theory
and in experiment. We discuss how the strong interaction is intimately connected to a broad sweep
of physical problems, in settings ranging from astrophysics and cosmology to strongly-coupled,
complex systems in particle and condensed-matter physics, as well as to searches for physics beyond
the Standard Model. We also discuss how success in describing the strong interaction impacts other
fields, and, in turn, how such subjects can impact studies of the strong interaction. In the course of
the work we offer a perspective on the many research streams which flow into and out of QCD, as
well as a vision for future developments.
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And of course the confinement mechanism is the main focus of Section A !

And we can now study directly the modification of this force in perturbation theory

and on the lattice

Weber
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snellings, Section D Byt they offer a broad array of
precise measurements and new
opportunities

Femtoscopy!! A new tool to investigate hadron
interactions Hatsusa, Hyodo, Section C, D,F

Heavy ions as XYZ factory? SectionC

??7Small system and small multiplicity (pp and pA)
collectivity and hydrodynamics??

EAVY IONS as a FACTORY of new states (like XY/Z2),
Investigation tools, new effects (magnetic fields/polarization)
aporatory measurements setup for neutron skin, antimatter production
reI ant for astrophysics, cosmology, neutron star and of course the
QCD phase diagram
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coupled Quark Gluon Plasma, lattice input on the transport coefficients

Can be applied to cold atoms (polaron), but also to neutrino fast conversion in supernova, dark
matter pair evolution in early universe
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Quantum field description of nonequilibrium evolution of probes in medium
Akamatsu, Snellings, Weber, Section C, D, F

EFT based Quantum open systems and Linblad equations: describe quarkonium and jets evolution in strongly
coupled Quark Gluon Plasma, lattice input on the transport coefficients

Can be applied to cold atoms (polaron), but also to neutrino fast conversion in supernova, dark
matter pair evolution in early universe

Transport like in condensed matter but the interface is huge: Jansen, Roberts Section A, A*, H

Emergent phenomena, synthetic gauge fields, topological configurations, emergent fermion fields, quantum
computing

Quantum computing for calculating nonequilibrium, finite mu, real time phenomena

Take away messages:

we should strengthen Section A* and the presence of condensed matter people at the QCHS

we should start apply Quantum Computing to concrete problems arriving at concrete results devising
shortcut, for examples using traditional Montecarlo to fix the scale
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Hadron structure and EIC, EicC : Nucleon tomography!

: Huey-Wen Lin, Roberts, Eichmann, Round Table B
A very complicate landscape

PDFs. GDPs. TMDs! Wigner Distributions

Simplification comes from using
Effective Field Theories and lattice
Quasi-PDF plus lattice calculation
of the low energy part!

This is seen in many results: . \voicerl oud
BOEFT for XYZs, NREFTSs, Section B,C
beta decays,nonequilibrium evolution

Take away messages:

Parton Distribution Functions Form Factors

Use the scale hierarchy: factorize, simplify, T ————————
get a structure and power counting, evaluate on the
lattice the low energy part

This entalls to develop new lattice tools (gradient flow) as well as the interface between lattice and perturbatio
theory



QCD: perturbative or nonperturbative?

Perturbative and nonperturbative terms are strictly entangled in QCD, perturbation theory
itself signals the existence of nonperturbative contributions

Power corrections arise, perturbative expansions suffer of renormalon ambiguities (that on the lattice become
cutoff divergences) we need to develop better schemes and to interface better perturbative/nonperturbative

Perturbative series at T=0 and finite T works better when one uses appropriate schemes
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QCD: perturbative or nonperturbative? Kronfeld, Vairo, Round table B, Section A, B, C

Perturbative and nonperturbative terms are strictly entangled in QCD, perturbation theory

itself signals the existence of nonperturbative contributions

Power corrections arise, perturbative expansions suffer of renorm

alon ambiguities (that on the lattice become

cutoff divergences) we need to develop better schemes and to interface better perturbative/nonperturbative

Perturbative series at T=0 and finite T works better when one uses appropriate schemes

This is fundamental to obtain precise determination of QCD parameters like the quark masses and alphas

This is fundamental also for collider physics

QCD: statistics, machine learning (classical and quantum), guantum computing

Transversal to all the subjects of QCHS !

Matorras, Jansen, Section H
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