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AYSE-BIRRANGULU

    From Australian aboriginal Sources, 
''Birrangulu'' was a Primordial 
Goddess (Creation), who served both 
as Bringer of Life and in some cases – 
death.  However, i f proper ly 
venerated, She would produce floods 
( f r o m r a i n ) . F a r f r o m b e i n g 
‘’destructive’’, such deluges were 
seen as beneficial. Bringing rich silt 
(soil), helped with an abundance  
crops (and harvest). 
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DEEDS of AYSE-BIRRANGULUand in fact…

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 
          U. Adelaide

Ayse Kizilersu CHAIR

N.Brambilla

Co-chair

(TUM) Ross Young

Anthony 

Williams

James ZanottiDerek Leinweber


Tony 

Thomas

Martin

White

Wally 

Melnitchouk

(Jlab)

covering all  
areas of the QCHS 
 in fact served as  
conveners in all  
sessions
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Su Houng Lee (Yonsei U.) 

David 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.)

Asia- Pacific Regional
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Sign in
The Pacific area including

Australia, Japan, Corea,

China and Taiwan is 

a strong interaction high 

intensity reserach area

Strengthen ties and networks 

may help to increase, funds and

 productivity

Participants confined so far 

stayed for the whole week
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International Advisory Committee Two commemorative talks

Sasha Andrianov (Domenech Espriu) 

Carlo Guaraldo (Catalina Curceanu

Concert by  Kalliopi Petrou and 

Tommaso Dorigo

Public Talk Tamara Davis
Poster session, Wine 

and poster prizes

 Conference dinner with 

Jamie Seymour talk

The Unknown: tomorrow trips to 

The coral reef, the rainforest, the 

Aboriginal experience….



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 in 
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. Adelaide)

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: I. 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 (GSI), J. Ghiglieri (SUBATECH, Nantes), P. Petreczky (BNL), F. Ringer (JLab), J. Pawlowski (U. Heidelberg)



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 Zürich), 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)

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



And of course  the unstrung heroes of the confinement  saga are the 
participants that endured  DAYS OF TRAVEL to arrive here! 

even carrying a bottle of wine! 

unstrung heroes  of Nathan Isgur 
 (and the flux tube) 1998 Jlab edition! 
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Most importantly..



QCD and strongly coupled gauge theories: challenges and perspectives

N. Brambilla�†,1 S. Eidelman†,2, 3 P. Foka†‡,4 S. Gardner†‡,5 A.S. Kronfeld†,6

M.G. Alford‡,7 R. Alkofer‡,8 M. Butenschön‡,9 T.D. Cohen‡,10 J. Erdmenger‡,11 L. Fabbietti‡,12

M. Faber‡,13 J.L. Goity‡,14, 15 B. Ketzer‡§,1 H.W. Lin‡,16 F.J. Llanes-Estrada‡,17

H.B. Meyer‡,18 P. Pakhlov‡,19, 20 E. Pallante‡,21 M.I. Polikarpov‡,19, 20 H. Sazdjian‡,22

A. Schmitt‡,23 W.M. Snow‡,24 A. Vairo‡,1 R. Vogt‡,25, 26 A. Vuorinen‡,27 H. Wittig‡,18

P. Arnold,28 P. Christakoglou,29 P. Di Nezza,30 Z. Fodor,31, 32, 33 X. Garcia i Tormo,34 R. Höllwieser,13

M.A. Janik,35 A. Kalweit,36 D. Keane,37 E. Kiritsis,38, 39, 40 A. Mischke,41 R. Mizuk,19, 42

G. Odyniec,43 K. Papadodimas,21 A. Pich,44 R. Pittau,45 J.-W. Qiu,46, 47 G. Ricciardi,48, 49
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3Novosibirsk State University, Novosibirsk 630090, Russia

4GSI Helmholtzzentrum für Schwerionenforschung GmbH, Planckstraße 1, 64291 Darmstadt, Germany
5Department of Physics and Astronomy, University of Kentucky, Lexington, KY 40506-0055, USA

6Theoretical Physics Department, Fermi National Accelerator Laboratory,
P.O. Box 500, Batavia, Illinois 60510-5011, USA

7Department of Physics, Washington University, St Louis, MO, 63130, USA
8University of Graz, 8010 Graz, Austria

9University of Vienna, Faculty of Physics, Boltzmanngasse 5, 1090 Wien, Austria
10Maryland Center for Fundamental Physics and the Department of Physics,
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16Department of Physics, University of Washington, Seattle, WA 98195-1560, USA
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19Institute of Theoretical and Experimental Physics, Moscow 117218, Russia
20Moscow Institute for Physics and Technology, Dolgoprudny 141700, Russia
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28Department of Physics, University of Virginia, 382 McCormick Rd.,
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32Eötvös University, Budapest, 1117, Hungary
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34Albert Einstein Center for Fundamental Physics, Institut für Theoretische Physik,
Universität Bern, Sidlerstraße 5, 3012 Bern, Switzerland

35Faculty of Physics, Warsaw University of Technology, 00-662 Warsaw, Poland
36European Organization for Nuclear Research (CERN), Geneva, Switzerland

37Kent State University, Department of Physics, Kent, OH 44242, USA
38Crete Center for Theoretical Physics, Department of Physics, University of Crete, 71003 Heraklion, Greece.

39Laboratoire APC, Université Paris Diderot, Sorbonne Paris-Cité, 75205 Paris Cedex 13, France
40Theory Group, Physics Department, CERN, 1211, Geneva 23, Switzerland

41Utrecht University, Faculty of Science, Princetonplein 5, 3584 CC Utrecht, The Netherlands
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Exotic Hadrons


of unknown nature discovered at particle accelerators 

in the hadron sector with two heavy quarks
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Particle physicists have detected new examples of exotic forms of matter known as

tetraquarks and pentaquarks. As their name implies, they are made of components called

quarks (and antiquarks), which are part of the Standard Model of particle physics.

Studying these particles helps us understand the strong nuclear force inside atoms and also

gives us insights into the early Universe.
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S cientists working at the CERN laboratory recently
announced the discovery of exotic matter not seen in
nature: two different “tetraquarks” and a “pentaquark,”

all of which were created inside collisions between pairs of

protons slamming together at speeds very close to the speed of

light. The energy of these collisions is literally transmuted into

these exotic particles, a process governed by Einstein’s famous

equation E = mc . They will provide a new method for studying

the force that binds the centers of atoms together.

2

Quarks were proposed in 1964 by American physicist Murray

Gell-Mann as a solution to a big problem at the time. From the

late 1940s through the early 1960s, physicists had discovered

hundreds of particles with a dizzying array of masses, electrical

charges, lifetimes, and ways in which the particles interact. So

many different particles had been discovered with such a

diverse range of properties, that researchers at the time called

the menagerie “the particle zoo.” At the time of their discovery,

these particles were the smallest objects known.

Watch on

Pentaquarks

Gell-Mann broke through the confusion when he realized that

the zoo particles weren’t the smallest objects in nature. Rather,

the inhabitants of the subatomic zoo were made of even smaller

particles: the quarks. Gell-Mann’s original idea was that three

types of quarks existed, which he called the up quark, the down

quark, and the strange quark. 

The heaviest particles known at the time were combinations of

three quarks. For example, the familiar proton consists of two

up quarks and one down quark, while the neutron consists of

one up and two downs. The name for these heavy particles is

“baryons,” from the Greek word barus (“heavy”).

The middling-mass particles are called mesons, from mesos

(“middle”). Mesons consist of a quark and an antimatter quark.

The most common meson is called a pi meson (“pion”), and

one particular pion consists of an up quark and a down

antimatter quark. The lightest particles, called “leptons,” drawn

from the Greek leptos (“light”) are a different class of particles

entirely and contain no quarks. The most famous is the

electron.

While quark theory explained much of the known particle zoo,

it also predicted the existence of particles that hadn’t yet been

observed when the theory was proposed, for example, the

“omega baryon,” consisting of three strange quarks. (However,

the theory was validated a few months later, when the omega

baryon was discovered.) Quarks are part of the Standard Model

of particle physics, which is universally accepted within the

scientific community.

While Gell-Mann originally proposed that only three quarks

existed, scientists have now discovered a total of six. Their

names are up, down, charm, strange, top, and bottom. In the

past half-century, researchers have discovered most of the

possible ways that they can combine three at a time, or as a

quark and antimatter quark pair.

However, in Gell-mann’s original paper, he did not limit the

possible quark configurations to just the three-quark baryons

and the quark-antiquark pair mesons. He also postulated a four-

component “tetraquark” (made of two quarks and two
antiquarks) and a five-component “pentaquark” (made of four

quarks and an antiquark). Searches for these particles were

unsuccessful for years, but in more recent times, candidate

particles occasionally have been detected.

In the last few years, an experiment at the CERN laboratory,

called LHCb, has been trying to find previously unknown

particles. Its recently announced discovery isn’t of an entirely

new class of matter — after all, a handful of tetraquarks and

pentaquarks were known to exist — but rather of new variants.
Two of the particles are tetraquarks. One of them is composed

of a charm quark, an up quark, a down antiquark, and a strange

antiquark; the other is made up of a charm quark, a down

quark, an up antiquark, and a strange antiquark. (Note:

Antiquarks are denoted with a line over the letter.)

The other new particle is a pentaquark, made up of a charm

quark and its antiquark in combination with an up, a down, and

a strange quark. It is the first pentaquark found to contain a

strange quark.

So, what is the significance of discovering new examples of very

exotic forms of matter? It allows us to better understand the

nature of the strong nuclear force under extreme conditions.

(The strong nuclear force is responsible for, among other things,

holding atomic nuclei together.)It also has implications for our understanding of the evolution

of the very early Universe. Shortly after the Big Bang, the

Universe was so hot that quarks freely roamed around and were

not captured inside bigger particles. Approximately one-

millionth of a second after the Big Bang, the Universe cooled

enough that the strong nuclear force began to gather quarks

inside the protons and neutrons that makes up the cosmos, but

during the transition, it must have assembled tetraquarks and

pentaquarks as well. While these primordial particles have long

since decayed, a full accounting of the origins of the Universe

will require that tetraquarks and pentaquarks be understood.
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Physicists May Have Discovered a New "Tetraquark"

Particle

Data from the DZero experiment shows evidence of a particle containing four

di!erent types of quarks

BY CLARA MOSKOWITZ

Evidence for a never-before-seen particle containing four types of quark has

shown up in data from the Tevatron collider at the Fermi National Accelerator

Laboratory (Fermilab) in Illinois. The new particle, a class of “tetraquark,” is

made of a bottom quark, a strange quark, an up quark and a down quark. The

discovery could help elucidate the complex rules that govern quarks—the tiny

fundamental particles that make up the protons and neutrons inside all the

atoms in the universe.

Protons and neutrons each contain three quarks, which is by far the most

stable grouping. Pairs of quarks, called mesons, also commonly appear, but

larger conglomerations of quarks are extremely rare. Scientists at the Large

Hadron Collider (LHC) in Switzerland last year saw the first signs of a

pentaquark—a grouping of five quarks—which had long been predicted but

never seen. The first tetraquark was found in 2003 at the Belle experiment in

Japan, and since then physicists have encountered a half dozen di!erent

arrangements. But the new one, if confirmed, would be special. “What’s

unique in this case is that we basically have four quarks, which are all di!erent

—bottom, up, strange and down,” says Dmitri Denisov, co-spokesperson for

the DZero experiment. “In all previous configurations usually two quarks are

the same. Is this telling us something? I hope yes.”

The unusual arrangement, dubbed X(5568) in a paper submitted to Physical

Review Letters, could reflect some deeper rule about how the di!erent types, or

“flavors,” of quarks bind together—a process enabled by the strongest force in

nature, called, appropriately, the strong force. Physicists have a theory—called

quantum chromodynamics—that describes how the strong force works, but it

is incredibly unwieldy and di"cult to make predictions with. “While we

understand many features of the strong force, we don’t understand everything,

especially how the strong force acts on large distances,” Denisov says. “And on

a fundamental level we still don’t have a very good model of how quarks

interact when there are quite a few of them joined together.”

One open question is: How many quarks can stick together to form a particle?

So far scientists have not seen groupings of more than five, but theoretically

there is no limit. Physicists would also like to discover di!erent configurations

of four and five quarks than the handful that have been seen. “Finding

tetraquarks has proven di"cult to do, but it is likely that there are many more

to find,” says Fermilab physicist Don Lincoln, a member of the DZero team.

The Tevatron collider shut down in 2011, but the DZero team found signs of

the new tetraquark in the archive of data from the tens of billions of particle

collisions it achieved during its 28 years of operation. Other experiments such

the LHC’s LHCb (“b” stands for beauty) project are now looking through their

own data to see if they also have evidence of the particle. “If it is real, it would

be very interesting,” says LHCb physicist Sheldon Stone of Syracuse University.

“Discussions among LHCb collaborators have raised several issues of concern

with the DZero result that LHCb can check expeditiously. Until the check is

done and the DZero result is confirmed, we are not sure exactly what they are

seeing.”

Either way, scientists expect current particle accelerators—especially the LHC,

which restarted last year at higher energy levels than ever before—to discover

more new particle configurations in the coming years, making it an exciting

time for quark physics and for clearing up the intricate mechanics of the strong

force. “I would compare it with something like a puzzle—it’s not finished yet

but we’ve added one more piece to what was already known,” Denisov says.

“Hopefully there will eventually be a theory that explains these observations to

gain a better understanding of these quarks and the forces acting between

them.”
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LHCb discoverslongest-lived
exotic matteryet

0 8 / 0 4 / 2 1 | By Sarah Charley

The newly discovered tetraquark providesa unique window into the interactions of theparticles that make up atoms.

The LHCb experiment at the Large Hadron Collider is adding a newparticle to its family of exotic matter. In the last seven years, the LHCbexperiment at CERN has detected about a dozen types of exoticparticles made up of four quarks—called tetraquarks—or Rve quarks—called pentaquarks. The newly discovered tetraquark is by far the moststable exotic particle they’ve found.
“This tetraquark lives at least 10 times longer than the other forms ofexotic matter we’ve discovered,” says Syracuse University postdoc IvanPolyakov, who worked on this research with his colleagues on the LHCbexperiment. 

The tetraquark they found owes its stability to its unique quark content:two heavy “charm” quarks and two light anti-quarks. However, it’s notyet clear how exactly this object is put together. Figuring this out willhelp nuclear physicists better understand the inner workings of largeratomic nuclei, which are currently too complex to describe with thefundamental laws of physics.
The messy world of quarksQuarks are the point-like, fundamental particles that live inside hadrons,such as protons and neutrons. Most hadrons are made from two orthree quarks. But in 2014, the LHCb experiment conRrmed theexistence of tetraquarks (and later, pentaquarks). Since thisrevolutionary discovery, LHCb and other experiments have continued toRnd new tetraquarks and pentaquarks, each with a distinctive internalconRguration.

The LHCb experiment searches for new forms of matter in the collisionsgenerated by the Large Hadron Collider. It’s di^cult to disentangleexactly what’s happening when two protons collide inside the LHC, saysSyracuse professor Sheldon Stone. “You have this mess of things goingon in this very small region of space and time,” he says.
In this mess, quarks are liberated from the protons and swimmingthrough a broth of gluons, a force-carrying particle that “glues” quarkstogether. Because quarks cannot exist for long alone, theyspontaneously create more quark-antiquark pairs from the gluon broth.If quarks come close enough together, they can bind together and formrare hadrons. 

These rare hadrons decay into more stable byproducts, which arecaptured and recorded by the LHCb detector. Those detections allowscientists to learn more about what was produced during the collision;by retracing these byproducts back to their origins, scientists candetermine the properties of the original particle.
Polyakov decided to search for this doubly charmed tetraquark in datarecorded by the LHCb experiment after numerous discussions withStone and Syracuse professor Tomasz Skwarnicki.

“And nevertheless, it was a big surprise as it was not clear if such astate would exist at all,” Polyakov says. “It was a real gift, as we couldn’thave anticipated that it would have such exceptional properties.”
Doing physics with HeisenbergThe long lifetime of this new tetraquark means that for the Rrst time,scientists can precisely measure the mass of an exotic hadron. That’sbeen di^cult to do with its shorter-lived compatriots.

“It’s because of the Heisenberg uncertainty principle,” Polyakov says.This famous tenet of quantum mechanics dictates that it’s impossibleto precisely know multiple attributes of a quantum-mechanical object atthe same time. For instance, if the position of a particle is preciselyknown, then the momentum will remain largely a mystery. The samegoes for the lifetime of a particle and its mass.
“So if the particle decays fast, there must be a big uncertainty in itsmass,” Polyakov says. 

In the data, scientists see this uncertainty as a wide peak smearedacross numerous possible masses. But if a particle is more stable—andthus has more aexibility in its lifetime—then its mass can come intofocus. In the data, this looks like a sharp peak springing up at a well-deRned mass.

A precise measurement of the mass of this tetraquark will answer aquestion that physicists have been wrestling with since they discoveredtheir Rrst exotic hadron: How do the quarks bind together? Are they in atight clump, or do they look more like a loose molecule made up of twoquark pairs? Or maybe even something in between?
“Right now, it’s not yet clear,” Polyakov says. “We have measured itsmass and the width of the peak very precisely. This will prompt theoriststo make more accurate calculations and hopefully develop a deeperunderstanding of exotic hadrons.”

Going nuclear
According to Polyakov, these exotic forms of matter could be themissing links in our understanding of a much more ordinary form ofmatter: the atomic nucleus.

“We have a theory that gives good predictions on very small scales—1/100th the size of a proton and less,” he says. “But when we get to thesize of a proton or more, the calculations get so complicated thatnobody is able to do them.”
When modeling the interactions of quarks within a stable atomicnucleus, theorists must currently make assumptions andsimpliRcations. However, for systems containing heavy quarks, theexact calculations are better deRned. Because of this, scientists useparticles with heavy quarks (and their well-deRned mathematicalmodels) as a test for the theoretical assumptions about atomic nuclei. “This new tetraquark can be viewed as a simpliRed model of a protonand a neutron bonded together into a deuteron,” Polyakov says. “If wecan better understand how quarks bind in tetraquarks, we will have adeeper insight into how this interaction happens inside atomic nuclei.”Polyakov and his US colleagues on the LHCb experiment are funded bythe National Science Foundation. They are hoping to Rnd even longer-lived exotic hadrons—ones that could travel up to a centimeter beforedecaying—in the not-so-distant future. 

“We’re hoping that with the new upgrades to our detector, we’ll be ableto get to that level,” Stone says.
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Nuova straordinaria particella
scoperta al Cern: il pentaquark
Consentirà di saperne di più sulla «forza forte» che tiene unite le particelle nel nucleo
degli atomi e sui componenti della materia

di  Redazione Online



Ipotesi della struttura del pentaquark (Cern)

Nelle stesse ore in cui New Horizons sorvolava Plutone, il Cern ha comunicato un
altro grande successo della scienza: la scoperta del pentaquark, una particella
inseguita dai fisici per oltre 50 anni. Lo studio è stato descritto su arXiv.org e
l’articolo è stato presentato alla rivista Physical Review Letters. Il risultato è stato
ottenuto al Cern di Ginevra grazie all’acceleratore Large Hadron Collider (Lhc),
dall’esperimento Lhcb, nel quale l’Italia partecipa con l’Istituto nazionale di fisica
nucleare (Infn).

La «forza forte»
Di norma la materia è formata da gruppi di due oppure di tre quark. La presenza di
gruppi composti da 4-5 quark era stata predetta negli anni Sessanta, ma mai
riscontrata negli esperimenti. Il tetraquark era stato confermato nel 2013, il
pentaquark mai. La scoperta attuale permette di conoscere meglio la struttura della
materia, in particolare la «forza forte» che tiene unite le particelle nel nucleo degli
atomi. «Con il pentaquark speriamo di convincere il mondo della scienza
dell’esistenza di una nuova serie di particelle subnucleari, che ci daranno
informazioni cruciali sulle misteriose interazioni forti», ha osservato Luciano
Maiani, pioniere dello studio dei quark.

Pentaquark
Il pentaquark «non è soltanto una nuova particella», ha spiegato Alessandro Cardini,
responsabile dell’esperimento Lhcb (Large Hadron Collider Beauty) che ha come
scopo la misurazione del quark beauty e la violazione della simmetria CP. È infatti
un nuovo modo in cui i quark «possono combinarsi tra loro, in uno schema mai
osservato prima in oltre 50 anni di ricerche». Avere visto queste particelle, ha
aggiunto, permette ora di saperne di più «sui componenti della materia di cui siamo
fatti noi e tutto ciò che ci circonda».

Scoperta per caso
«Non stavamo cercando proprio il pentaquark», ha ammesso Patrick Koppenburg,
coordinatore di fisica dell’Lhc. «Ci siamo un po’ inciampati sopra». La comprensione
della struttura della materia è stata rivoluzionata nel 1964, quando il fisico
americano Murray Gell-Mann ha proposto la teoria sulla struttura della materia
secondo cui le particelle che formano il nucleo dell’atomo (protoni e neutroni) sono
composte da tre quark, ma ammette l’esistenza di particelle composte da più quark,
come il pentaquark.

Sicurezza
In passato gli scienziati avevano annunciato la scoperta del pentaquark, salvo poi
ritornare sui propri passi. Ora al Cern sono più che sicuri: il margine di errore,
infatti, è nella categoria «10 sigma», cioè esiste una sola possibilità su 10 elevato alla
22ma potenza che si tratti di una fluttuazione statistica.
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Zampe di leone come cavatappi, quelle di
elefante come tavolini. «Ora una legge
contro questa vergogna»
di Alessandro Sala

La proposta bipartisan di Michela Vittoria Brambilla e Dolores Bevilacqua: vietare
l’importazione di trofei di caccia per fermare il declino di specie protette. Il caso del
“Canned Hunting”: animali allevati in cattività per poi essere messi a disposizione come
prede ai partecipanti ai Safari

Gas serra: non solo CO2 e metano, ora
l’allarme è per l’SF6 dalla Cina
di Paolo Virtuani

L’esafluoruro di zolfo è un isolante per l’energia elettrica in alta tensione. Resta in
atmosfera oltre mille anni, il suo potere riscaldante è 24 mila volte quello dell’anidride
carbonica
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La prima immagine polarizzata del buco
nero al centro della Via Lattea
di Paolo Virtuani

Rilevati ai margini dell’oggetto stellare intensi campi magnetici avvolti a spirale

Temperatura oceani: da un anno esatto è
sopra tutti i record
di Paolo Virtuani

Il picco di 21,2 gradi non ha paragoni con le misurazioni precedenti ed è di 0,8 °C sopra
la media trentennale di riferimento 1982-2011

Arriva una cometa, forse sarà visibile
anche a occhio nudo
di Paolo Virtuani

La cometa 12P/Pons-Brooks si sta avvicinando al Sole ma è molto bassa sull’orizzonte.
Potrebbe essere visibile in America durante la prossima eclissi dell’8 aprile
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Senza un tetto ma con un amico al fianco:
la vita di quanti ha perso tutto e dei loro
cani. Save the Dogs: «Ecco come li
aiutiamo»
di Alessia Colaianni

Dal 5 marzo il progetto «Amici di strada. Compagni di vita» si amplia con un presidio
fisso bimensile nello spazio sociale Mosso nel Municipio 2

La Nasa ammette: il «meteorite» che ha
colpito una casa è un rifiuto della
Stazione spaziale
di Paolo Virtuani

Un oggetto cilindrico di circa un chilo l’8 marzo scorso ha sfondato il tetto e i pavimenti
di due piani di una casa in Florida. Era stato espulso dalla Iss nell’ottobre 2021 e
doveva bruciare e disintegrarsi nell’atmosfera
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Un esempio di «citizen science» tra pescatori italiani e l’Università di Catania con il
progetto AlienFish
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RICERCATA DAI FISICI DA OLTRE 50 ANNI

Nuova straordinaria particella
scoperta al Cern: il pentaquark
Consentirà di saperne di più sulla «forza forte» che tiene unite le particelle nel nucleo
degli atomi e sui componenti della materia

di  Redazione Online



Ipotesi della struttura del pentaquark (Cern)

Nelle stesse ore in cui New Horizons sorvolava Plutone, il Cern ha comunicato un
altro grande successo della scienza: la scoperta del pentaquark, una particella
inseguita dai fisici per oltre 50 anni. Lo studio è stato descritto su arXiv.org e
l’articolo è stato presentato alla rivista Physical Review Letters. Il risultato è stato
ottenuto al Cern di Ginevra grazie all’acceleratore Large Hadron Collider (Lhc),
dall’esperimento Lhcb, nel quale l’Italia partecipa con l’Istituto nazionale di fisica
nucleare (Infn).

La «forza forte»
Di norma la materia è formata da gruppi di due oppure di tre quark. La presenza di
gruppi composti da 4-5 quark era stata predetta negli anni Sessanta, ma mai
riscontrata negli esperimenti. Il tetraquark era stato confermato nel 2013, il
pentaquark mai. La scoperta attuale permette di conoscere meglio la struttura della
materia, in particolare la «forza forte» che tiene unite le particelle nel nucleo degli
atomi. «Con il pentaquark speriamo di convincere il mondo della scienza
dell’esistenza di una nuova serie di particelle subnucleari, che ci daranno
informazioni cruciali sulle misteriose interazioni forti», ha osservato Luciano
Maiani, pioniere dello studio dei quark.

Pentaquark
Il pentaquark «non è soltanto una nuova particella», ha spiegato Alessandro Cardini,
responsabile dell’esperimento Lhcb (Large Hadron Collider Beauty) che ha come
scopo la misurazione del quark beauty e la violazione della simmetria CP. È infatti
un nuovo modo in cui i quark «possono combinarsi tra loro, in uno schema mai
osservato prima in oltre 50 anni di ricerche». Avere visto queste particelle, ha
aggiunto, permette ora di saperne di più «sui componenti della materia di cui siamo
fatti noi e tutto ciò che ci circonda».

Scoperta per caso
«Non stavamo cercando proprio il pentaquark», ha ammesso Patrick Koppenburg,
coordinatore di fisica dell’Lhc. «Ci siamo un po’ inciampati sopra». La comprensione
della struttura della materia è stata rivoluzionata nel 1964, quando il fisico
americano Murray Gell-Mann ha proposto la teoria sulla struttura della materia
secondo cui le particelle che formano il nucleo dell’atomo (protoni e neutroni) sono
composte da tre quark, ma ammette l’esistenza di particelle composte da più quark,
come il pentaquark.

Sicurezza
In passato gli scienziati avevano annunciato la scoperta del pentaquark, salvo poi
ritornare sui propri passi. Ora al Cern sono più che sicuri: il margine di errore,
infatti, è nella categoria «10 sigma», cioè esiste una sola possibilità su 10 elevato alla
22ma potenza che si tratti di una fluttuazione statistica.
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elefante come tavolini. «Ora una legge
contro questa vergogna»
di Alessandro Sala

La proposta bipartisan di Michela Vittoria Brambilla e Dolores Bevilacqua: vietare
l’importazione di trofei di caccia per fermare il declino di specie protette. Il caso del
“Canned Hunting”: animali allevati in cattività per poi essere messi a disposizione come
prede ai partecipanti ai Safari
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l’allarme è per l’SF6 dalla Cina
di Paolo Virtuani

L’esafluoruro di zolfo è un isolante per l’energia elettrica in alta tensione. Resta in
atmosfera oltre mille anni, il suo potere riscaldante è 24 mila volte quello dell’anidride
carbonica
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Rilevati ai margini dell’oggetto stellare intensi campi magnetici avvolti a spirale
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di Paolo Virtuani

Il picco di 21,2 gradi non ha paragoni con le misurazioni precedenti ed è di 0,8 °C sopra
la media trentennale di riferimento 1982-2011
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di Paolo Virtuani
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Potrebbe essere visibile in America durante la prossima eclissi dell’8 aprile
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Dal 5 marzo il progetto «Amici di strada. Compagni di vita» si amplia con un presidio
fisso bimensile nello spazio sociale Mosso nel Municipio 2

La Nasa ammette: il «meteorite» che ha
colpito una casa è un rifiuto della
Stazione spaziale
di Paolo Virtuani

Un oggetto cilindrico di circa un chilo l’8 marzo scorso ha sfondato il tetto e i pavimenti
di due piani di una casa in Florida. Era stato espulso dalla Iss nell’ottobre 2021 e
doveva bruciare e disintegrarsi nell’atmosfera
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Un esempio di «citizen science» tra pescatori italiani e l’Università di Catania con il
progetto AlienFish
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Les surprises du tétraquark, « collage » de
particules élémentairesLa découverte d’une nouvelle particule à la structure particulièrement stable pourrait

permettre aux chercheurs de vérifier leurs théories sur l’interaction forte.
Par David LarousseriePublié le 15 août 2021 à 18h00, modifié le 16 août 2021 à 12h14 • Lecture 3 min.
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Le chaudron à particules qu’est le LHC (Large Hadron Collider),
l’accélérateur géant de l’Organisation européenne pour la recherche
nucléaire (CERN, près de Genève), a beau être arrêté pour travaux
depuis deux ans, ses « vieilles » données révèlent encore des trésors.

Ainsi, grâce au plus petit de ses détecteurs, LHCb, des chercheurs
viennent de mettre au jour une nouvelle particule, prédite il y a tout
juste quarante ans et dont les propriétés atypiques soulèvent
l’espoir de découvertes encore plus importantes.« J’étais vraiment enthousiasmé quand je l’ai vue la première fois,

mais ça a pris quelques semaines avant de tout vérifier et se
convaincre qu’on avait vraiment une nouvelle particule », explique
Ivan Polyakov, de l’université de Syracuse (Etats-Unis), membre de
LHCb, qui a exposé le résultat le 29 juillet lors d’une conférence.
« Lorsque en 1981, avec mes deux collègues Pierre Taxil et Jean-Pierre

Ader, nous avions fait cette prédiction, les gens étaient sceptiques,

note Jean-Marc Richard, aujourd’hui professeur émérite de
l’université de Lyon. Mais je savais que ça arriverait. Sauf que je
pensais que ce seraient mes petits-enfants qui le verraient. Alors j’ai

été content quand des collègues de LHCb m’ont prévenu. »Première particularité du nouveau venu, à la différence des
électrons, des photons ou du célèbre boson de Higgs, il ne s’agit pas
d’une particule élémentaire. C’est un tétraquark, composé de quatre
quarks, tout comme les protons ou les neutrons sont faits de trois
quarks, et les moins connus, les mésons, de deux quarks seulement.
Second signe distinctif, contrairement aux autres tétraquarks créés
dans des collisions très intenses de particules depuis une vingtaine
d’années et qui disparaissent quasi instantanément, celui-ci survit
10 à 1 000 fois plus longtemps. Au point que les physiciens pensent
avoir mis la main sur un premier assemblage de quarks bien liés
entre eux, plutôt que sur un agrégat distendu. Un beau collier de
perles plutôt qu’un sac percé contenant des billes. Ou l’équivalent
d’une molécule stable en chimie.

Des charmes très massifs
Réaliser un tel collier n’est pas simple. Deux « colles » sont à
disposition pour en assembler les éléments. L’une, l’interaction
électrofaible, est connue pour tenir entre eux les électrons autour
des atomes, ou agir sur les protons et neutrons. L’autre, dite
« interaction forte », maintient entre eux les quarks. Les tétraquarks
découverts jusqu’ici mélangeaient les deux colles et « cassaient »
facilement, mais pas ce dernier-né, qui semble tenir par la seule
colle forte. Son secret est qu’il contient deux quarks très lourds,
baptisés « charmes », beaucoup plus massifs que les quarks trouvés
à l’intérieur des protons et neutrons. Cela stabiliserait l’édifice et lui
confère à la fois son nom barbare de Tcc + (pour tétraquark à deux
charmes, chargé positivement) et sa masse de plus de quatre fois
celle d’un proton.
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Le chaudron à particules qu’est le LHC (Large Hadron Collider),
l’accélérateur géant de l’Organisation européenne pour la recherche
nucléaire (CERN, près de Genève), a beau être arrêté pour travaux
depuis deux ans, ses « vieilles » données révèlent encore des trésors.

Ainsi, grâce au plus petit de ses détecteurs, LHCb, des chercheurs
viennent de mettre au jour une nouvelle particule, prédite il y a tout
juste quarante ans et dont les propriétés atypiques soulèvent
l’espoir de découvertes encore plus importantes.« J’étais vraiment enthousiasmé quand je l’ai vue la première fois,

mais ça a pris quelques semaines avant de tout vérifier et se
convaincre qu’on avait vraiment une nouvelle particule », explique
Ivan Polyakov, de l’université de Syracuse (Etats-Unis), membre de
LHCb, qui a exposé le résultat le 29 juillet lors d’une conférence.
« Lorsque en 1981, avec mes deux collègues Pierre Taxil et Jean-Pierre

Ader, nous avions fait cette prédiction, les gens étaient sceptiques,

note Jean-Marc Richard, aujourd’hui professeur émérite de
l’université de Lyon. Mais je savais que ça arriverait. Sauf que je
pensais que ce seraient mes petits-enfants qui le verraient. Alors j’ai

été content quand des collègues de LHCb m’ont prévenu. »Première particularité du nouveau venu, à la différence des
électrons, des photons ou du célèbre boson de Higgs, il ne s’agit pas
d’une particule élémentaire. C’est un tétraquark, composé de quatre
quarks, tout comme les protons ou les neutrons sont faits de trois
quarks, et les moins connus, les mésons, de deux quarks seulement.
Second signe distinctif, contrairement aux autres tétraquarks créés
dans des collisions très intenses de particules depuis une vingtaine
d’années et qui disparaissent quasi instantanément, celui-ci survit
10 à 1 000 fois plus longtemps. Au point que les physiciens pensent
avoir mis la main sur un premier assemblage de quarks bien liés
entre eux, plutôt que sur un agrégat distendu. Un beau collier de
perles plutôt qu’un sac percé contenant des billes. Ou l’équivalent
d’une molécule stable en chimie.

Des charmes très massifs
Réaliser un tel collier n’est pas simple. Deux « colles » sont à
disposition pour en assembler les éléments. L’une, l’interaction
électrofaible, est connue pour tenir entre eux les électrons autour
des atomes, ou agir sur les protons et neutrons. L’autre, dite
« interaction forte », maintient entre eux les quarks. Les tétraquarks
découverts jusqu’ici mélangeaient les deux colles et « cassaient »
facilement, mais pas ce dernier-né, qui semble tenir par la seule
colle forte. Son secret est qu’il contient deux quarks très lourds,
baptisés « charmes », beaucoup plus massifs que les quarks trouvés
à l’intérieur des protons et neutrons. Cela stabiliserait l’édifice et lui
confère à la fois son nom barbare de Tcc + (pour tétraquark à deux
charmes, chargé positivement) et sa masse de plus de quatre fois
celle d’un proton.

Nos lecteurs ont lu ensuite
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Physik

Cern-Forscher entdecken neues

Teilchen
Die Physiker am Kernforschungszentrum in Genf haben die Existenz des

Pentaquark-Teilchens nachgewiesen. Bislang war es nur in theoretischen

Modellen beschrieben worden.

27 Kilometer ist der vorhandene Beschleuniger LHC lang – Techniker fahren den Weg daher

zum Teil mit dem Fahrrad ab. Der Nachfolger soll rund viermal so lang sein. © FABRICE

COFFRINI/AFP/Ge"y Images

Mit dem stärksten Teilchenbeschleuniger der Welt haben Physiker am

Europäischen Kernforschungszentrum (Cern) sogenannte Pentaquark-

Teilchen nachgewiesen. Der US-Physiker Murray Gell-Mann hatte die

Existenz von Pentaquarks 1964 postuliert, bislang konnte sie jedoch

niemals schlüssig bewiesen werden.

Diese fünfgliedrigen Quarks sind eine Form von Bestandteilen der

Materie, die bislang nur in theoretischen Modellen der Teilchenphysik

beschrieben wurden. Das Pentaquark wurde nun in Genf am

Beschleuniger Large Hadron Collider (LHC) entdeckt, genauer: beim

LHCb-Experiment, einem der vier großen am LHC betriebenen Projekte.

"Das Pentaquark ist nicht einfach irgendein Teilchen", erklärte

LHCb-Sprecher Guy Wilkinson. "Es stellt eine Möglichkeit dar,

Quarks – also die fundamentalen Bestandteile von Protonen und

Neutronen – in einem Muster zu vereinigen, das trotz 50-jähriger

experimenteller Suche noch nie beobachtet wurde." Protonen und

Neutronen sind positiv und neutral geladene Bestandteile der

meisten Atome.

Elementarteilchen: Materie

Als Elementarteilchen werden all jene Bausteine bezeichnet, die (soweit Physiker

wissen) nicht weiter zerlegbar sind.

Das bekannteste Elementarteilchen ist das Elektron, das gemeinsam mit den

selteneren Myonen und Tauonen zu den Leptonen zählt. Neben diesen drei Leptonen

gibt es noch drei unterschiedliche Neutrinos, die ebenfalls zu den Elementarteilchen

zählen. Neutrinos entstehen etwa bei der Kernspaltung in Atomkraftwerken oder bei

der Kernfusion in der Sonne.

Darüber hinaus gibt es sechs weitere Elementarteilchen, die Quarks. Aus ihnen

bestehen etwa Protonen und Neutronen, aus denen der Kern eines Atoms aufgebaut ist.

Zusammen bilden diese insgesamt 12 Elementarteilchen die Grundbausteine der

Materie. Entsprechend gibt es 12 Antiteilchen, die die Antimaterie bilden.

Kräfte

Higgs-Boson

Das Pentaquark besteht aus vier Quarks und einem Antiquark. Deren

Existenz war erstmals in den sechziger Jahren vorhergesagt worden,

maßgeblich von Gell-Mann, der 1969 den Physik-Nobelpreis erhielt. Auf

dem Quarkmodell fußt die Vorhersage der Pentaquarks. 

"Die jüngste Beobachtung ermöglicht neue Einblicke in die starken

Wechselwirkungen und Bindungen der Quarks in Teilchen wie Protonen

und Neutronen. Davon verstehen wir bislang noch zu wenig", erläuterte

der Physiker Ulrich Uwer von der Universität Heidelberg. Er ist Sprecher

der deutschen Gruppen am LHCb-Experiment, war aber an den

Pentaquark-Messungen nicht beteiligt. "Das Pentaquark ist ein sehr

kurzlebiges Teilchen. Es zerfällt schnell in kleinere Teilchen wie das aus

drei Quarks bestehende Proton." Auch Zustände mit sechs und mehr

Quarks seien theoretisch möglich. Im vergangenen Jahr sei das

Tetraquark am LHC bestätigt worden.
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2. Nicht Tod und nicht Unsterblichkeit war damals,

nicht gab's des Tages noch der Nacht Erscheinung;

Nur Eines hauchte windlos durch sich selber

und ausser ihm gab nirgend es ein andres.

3. Nur Dunkel war, verhüllt von Dunkel, anfangs

und unerkennbar wogte dieses alles;

Vom leeren Raum war zugedeckt die Oede,

das Eine ward durch Macht der Glut geboren.

4. Da regte sich zuerst in ihm Begierde,

als sich des Geistes erster Same zeigte;

Es fanden da das Band des Seins im Nichtsein

die Weisen suchend mit des Herzens Einsicht.

5. Und quer hindurch war ihre Schnur gezogen,

was war darunter? und was war darüber?

Erzeuger waren, und es waren Mächte,

und Schöpferkraft war unten, Streben oben.
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woher entstand, woher sie kam die Schöpfung,
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wer weiß es doch, woher es sei gekommen?

7. Von wannen diese Schöpfung sei gekommen,
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….dieser Entdeckung im Sinne der Physik zu folgen.
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Vorschlag: Fünfquarkige Teilchen. Aber das klingt zugegebenermaßen doch arg
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Für was ist es gut? Nun, ich meine, dass der Mensch existiert, um seine Existenz zu

ergründen. Schon in der Bibel ist die Sprache vom "Ebenbild Gottes". Wir stehen am

Anfang.

Spannend ist die Frage, ob die Physik der kleinsten Teilchen uns zur Erkenntnis führt,

dass die Welt einem mathematischen Modell folgt, das ähnlich dem Kaleidoskop oder der

Chaostheorie einem eher endlosen Fragment gleicht oder ein dem unseren jetzigen

Erkenntnisgrad mehr zugänglichem logischen und beschreibbaren Modell eines

strukturierten Baukastens.

Ich persönlich glaube, dass uns die Tatsache eines unteilbaren Teilchens vor größere

Probleme stellen würde, als die Annahme, dass die Teilbarkeit unendlich ist.

Die Frage nach dem endlichen Universum ist exakt genauso erschreckend.

Es gäbe immer die Frage nach dem was dahinter ist.

Wir müssen die Gesetzmäßigkeiten des Endlosen besser verstehen lernen.
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Physik

Cern-Forscher entdecken neues

Teilchen
Die Physiker am Kernforschungszentrum in Genf haben die Existenz des

Pentaquark-Teilchens nachgewiesen. Bislang war es nur in theoretischen

Modellen beschrieben worden.

27 Kilometer ist der vorhandene Beschleuniger LHC lang – Techniker fahren den Weg daher

zum Teil mit dem Fahrrad ab. Der Nachfolger soll rund viermal so lang sein. © FABRICE

COFFRINI/AFP/Ge"y Images

Mit dem stärksten Teilchenbeschleuniger der Welt haben Physiker am

Europäischen Kernforschungszentrum (Cern) sogenannte Pentaquark-

Teilchen nachgewiesen. Der US-Physiker Murray Gell-Mann hatte die

Existenz von Pentaquarks 1964 postuliert, bislang konnte sie jedoch

niemals schlüssig bewiesen werden.

Diese fünfgliedrigen Quarks sind eine Form von Bestandteilen der

Materie, die bislang nur in theoretischen Modellen der Teilchenphysik

beschrieben wurden. Das Pentaquark wurde nun in Genf am

Beschleuniger Large Hadron Collider (LHC) entdeckt, genauer: beim

LHCb-Experiment, einem der vier großen am LHC betriebenen Projekte.

"Das Pentaquark ist nicht einfach irgendein Teilchen", erklärte

LHCb-Sprecher Guy Wilkinson. "Es stellt eine Möglichkeit dar,

Quarks – also die fundamentalen Bestandteile von Protonen und

Neutronen – in einem Muster zu vereinigen, das trotz 50-jähriger

experimenteller Suche noch nie beobachtet wurde." Protonen und

Neutronen sind positiv und neutral geladene Bestandteile der

meisten Atome.

Elementarteilchen: Materie

Als Elementarteilchen werden all jene Bausteine bezeichnet, die (soweit Physiker

wissen) nicht weiter zerlegbar sind.

Das bekannteste Elementarteilchen ist das Elektron, das gemeinsam mit den

selteneren Myonen und Tauonen zu den Leptonen zählt. Neben diesen drei Leptonen

gibt es noch drei unterschiedliche Neutrinos, die ebenfalls zu den Elementarteilchen

zählen. Neutrinos entstehen etwa bei der Kernspaltung in Atomkraftwerken oder bei

der Kernfusion in der Sonne.

Darüber hinaus gibt es sechs weitere Elementarteilchen, die Quarks. Aus ihnen

bestehen etwa Protonen und Neutronen, aus denen der Kern eines Atoms aufgebaut ist.

Zusammen bilden diese insgesamt 12 Elementarteilchen die Grundbausteine der

Materie. Entsprechend gibt es 12 Antiteilchen, die die Antimaterie bilden.

Kräfte

Higgs-Boson

Das Pentaquark besteht aus vier Quarks und einem Antiquark. Deren

Existenz war erstmals in den sechziger Jahren vorhergesagt worden,

maßgeblich von Gell-Mann, der 1969 den Physik-Nobelpreis erhielt. Auf

dem Quarkmodell fußt die Vorhersage der Pentaquarks. 

"Die jüngste Beobachtung ermöglicht neue Einblicke in die starken

Wechselwirkungen und Bindungen der Quarks in Teilchen wie Protonen

und Neutronen. Davon verstehen wir bislang noch zu wenig", erläuterte

der Physiker Ulrich Uwer von der Universität Heidelberg. Er ist Sprecher

der deutschen Gruppen am LHCb-Experiment, war aber an den

Pentaquark-Messungen nicht beteiligt. "Das Pentaquark ist ein sehr

kurzlebiges Teilchen. Es zerfällt schnell in kleinere Teilchen wie das aus

drei Quarks bestehende Proton." Auch Zustände mit sechs und mehr

Quarks seien theoretisch möglich. Im vergangenen Jahr sei das

Tetraquark am LHC bestätigt worden.
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RigVeda (Übersetzung der Mathematiker Graßmann)

2. Nicht Tod und nicht Unsterblichkeit war damals,

nicht gab's des Tages noch der Nacht Erscheinung;

Nur Eines hauchte windlos durch sich selber

und ausser ihm gab nirgend es ein andres.

3. Nur Dunkel war, verhüllt von Dunkel, anfangs

und unerkennbar wogte dieses alles;

Vom leeren Raum war zugedeckt die Oede,

das Eine ward durch Macht der Glut geboren.

4. Da regte sich zuerst in ihm Begierde,

als sich des Geistes erster Same zeigte;

Es fanden da das Band des Seins im Nichtsein

die Weisen suchend mit des Herzens Einsicht.

5. Und quer hindurch war ihre Schnur gezogen,

was war darunter? und was war darüber?

Erzeuger waren, und es waren Mächte,

und Schöpferkraft war unten, Streben oben.

6. Wer weiß es recht? wer mag es hier verkünden?
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wer weiß es doch, woher es sei gekommen?
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der weiß allein es, oder weiß er‘s auch nicht?
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Wunderbar, dass es schlaue Leute gibt, die den technischen Fortschritt vorantreiben.

Auch wenn eine Anwendung - so weit ich das sehe - hier nicht sichtbar ist.

Aber das war beim Transistor, dem Computerchip und dem Internet genau so.
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Scientists at CERN observe three "exotic" particles
for first time

Synopsis
The 27 kilometre-long (16.8 mile) LHC at CERN is the machine that found the Higgs
boson particle, which along with its linked energy field is thought to be vital to the
formation of the universe after the Big Bang 13.7 billion years ago.

Scientists working with the Large
Hadron Collider (LHC) have discovered
three subatomic particles never seen
before as they work to unlock the
building blocks of the universe, the
European nuclear research centre
CERN said on Tuesday.

The 27 kilometre-long (16.8 mile) LHC
at CERN is the machine that found the

Higgs boson particle, which along with its linked energy field is thought to be
vital to the formation of the universe after the Big Bang 13.7 billion years ago.

Now scientists at CERN say they have observed a new kind of "pentaquark"
and the first-ever pair of "tetraquarks", adding three members to the list of new
hadrons found at the LHC.

They will help physicists better understand how quarks bind together into
composite particles.

Quarks are elementary particles that usually combine in groups of twos and
threes to form hadrons such as the protons and neutrons that make up atomic
nuclei.

More rarely, however, they can also combine into four-quark and five-quark
particles, or tetraquarks and pentaquarks.

"The more analyses we perform, the more kinds of exotic hadrons we find,"
physicist Niels Tuning said
https://home.web.cern.ch/news/news/physics/lhcb-discovers-three-new-
exotic-particles in a statement.

"We're witnessing a period of discovery similar to the 1950s, when a 'particle
zoo' of hadrons started being discovered and ultimately led to the quark model
of conventional hadrons in the 1960s. We're creating 'particle zoo 2.0'."

(You can now subscribe to our Economic Times WhatsApp channel)

READ MORE NEWS ON

Cern Large Hadron Collider Exotic Particles Lhc Big Bang

(Catch all the Business News, Breaking News, Budget 2024 Events and Latest News Updates on The Economic Times.)
Subscribe to The Economic Times Prime and read the ET ePaper online.

Scientists at CERN say they have observed a new
kind of "pentaquark" and the first-ever pair of
"tetraquarks".
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Synopsis
The 27 kilometre-long (16.8 mile) LHC at CERN is the machine that found the Higgs
boson particle, which along with its linked energy field is thought to be vital to the
formation of the universe after the Big Bang 13.7 billion years ago.

Scientists working with the Large
Hadron Collider (LHC) have discovered
three subatomic particles never seen
before as they work to unlock the
building blocks of the universe, the
European nuclear research centre
CERN said on Tuesday.
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at CERN is the machine that found the

Higgs boson particle, which along with its linked energy field is thought to be
vital to the formation of the universe after the Big Bang 13.7 billion years ago.

Now scientists at CERN say they have observed a new kind of "pentaquark"
and the first-ever pair of "tetraquarks", adding three members to the list of new
hadrons found at the LHC.

They will help physicists better understand how quarks bind together into
composite particles.

Quarks are elementary particles that usually combine in groups of twos and
threes to form hadrons such as the protons and neutrons that make up atomic
nuclei.

More rarely, however, they can also combine into four-quark and five-quark
particles, or tetraquarks and pentaquarks.

"The more analyses we perform, the more kinds of exotic hadrons we find,"
physicist Niels Tuning said
https://home.web.cern.ch/news/news/physics/lhcb-discovers-three-new-
exotic-particles in a statement.

"We're witnessing a period of discovery similar to the 1950s, when a 'particle
zoo' of hadrons started being discovered and ultimately led to the quark model
of conventional hadrons in the 1960s. We're creating 'particle zoo 2.0'."
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Large Hadron Collider at Cern in Geneva.

Listen to Story
Share

ADVERTISEMENT

New Delhi, UPDATED: Jan 27, 2022 17:29 IST

LIVE Watch Live TV

      UUnndd mmiitt ttrraannssppaarreenntteenn GGeebbüühhrreenn

Jetzt traden

Trading birgt hohe Risiken. Ausgezeichnet als „Best Multi-Platform Provider“ bei den ADVFN International Financial Awards 2023* .
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particles known for their mysterious, unknown structures. These elementary particles have remained

elusive to science until now. Understanding these particles could shed light on the environment that

existed following the big bang and how the universe evolved.
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Pentaquarks: scientists find new "exotic"

configurations of quarks

5 July 2022

By Pallab Ghosh, Science correspondent

"Exotic" states of matter exist for less than a blink of an eye

Scientists have found new ways in which quarks, the tiniest particles known to

humankind, group together.

The new structures exist for just a hundred thousandth of a billionth of a billionth of a

second but may explain how our Universe is formed.

Atoms contain smaller particles called neutrons and protons, which are made up of

three quarks each.

"Exotic" matter discovered in recent years is made up of four and five quarks -

tetraquarks and pentaquarks.

Scientists at the Large Hadron Collider in Switzerland have discovered one new

pentaquark and two tetraquarks. This takes the total number discovered there to 21.

Each is unique, but researchers are excited about the qualities of the three new finds.

The new pentaquark decays into particles that none of the others produce, while the

two tetraquarks have the same mass, suggesting they may be the first known pair of

exotic structures.

Perhaps even more importantly, though, the latest finds mean that there are now

enough of these particles to begin grouping them together, like the chemical elements

in the periodic table. That is an essential first step towards creating a theory and set of

rules governing exotic mass.

In light of the new discoveries, physicists are discussing this very issue at a special

seminar on Tuesday at CERN, the European Organization for Nuclear Research, which

houses the Large Hadron Collider.

Working out minuscule differences between the tiniest things we know about may

seem arcane, but the interaction of quarks creates the so-called "strong force" that

holds the insides of atoms - and by extension our entire Universe - together.

"The strong force is extremely difficult to calculate, and we don't have firm predictions

of how the exotic pentaquarks and tetraquarks are built," says Prof Chris Parkes of

Manchester University. "But we hope that by finding out about them we can develop

theories that enable us to understand them better."

What are quarks?

A Greek philosopher, Democritus, put forward the idea in the fifth century BC that the

world was made up of indivisible particles which he called atoms.

By the end of the 19th and early 20th century, experimental results showed that atoms

were made up of smaller particles: electrons, neutrons and protons.

And in the 1960s, it became clear that neutrons and protons themselves were made

from smaller particles still, called quarks; and that the interaction of quarks was tied to

one of the fundamental forces of nature called the strong force.

The force not only holds the insides of atoms together, but is important in the

interactions of other sub-atomic particles that make the Universe tick.

The Large Hadron Collider has undergone a major upgrade and the researchers

involved believe that they will discover many more such exotic particles, some of

which may have six quarks bound together.

Some of these may have a less fleeting existence - perhaps a hundred billionth of a

second. That is brief by human standards, but because these particles travel at close to

the speed of light, they would leave trails a few millimetres long, which would be a

treasured footprint for physicist sleuths to follow.

Follow Pallab on Twitter
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exotic structures.
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in the periodic table. That is an essential first step towards creating a theory and set of
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houses the Large Hadron Collider.

Working out minuscule differences between the tiniest things we know about may

seem arcane, but the interaction of quarks creates the so-called "strong force" that

holds the insides of atoms - and by extension our entire Universe - together.

"The strong force is extremely difficult to calculate, and we don't have firm predictions

of how the exotic pentaquarks and tetraquarks are built," says Prof Chris Parkes of

Manchester University. "But we hope that by finding out about them we can develop

theories that enable us to understand them better."

What are quarks?

A Greek philosopher, Democritus, put forward the idea in the fifth century BC that the

world was made up of indivisible particles which he called atoms.

By the end of the 19th and early 20th century, experimental results showed that atoms

were made up of smaller particles: electrons, neutrons and protons.

And in the 1960s, it became clear that neutrons and protons themselves were made

from smaller particles still, called quarks; and that the interaction of quarks was tied to

one of the fundamental forces of nature called the strong force.

The force not only holds the insides of atoms together, but is important in the

interactions of other sub-atomic particles that make the Universe tick.

The Large Hadron Collider has undergone a major upgrade and the researchers

involved believe that they will discover many more such exotic particles, some of

which may have six quarks bound together.

Some of these may have a less fleeting existence - perhaps a hundred billionth of a

second. That is brief by human standards, but because these particles travel at close to

the speed of light, they would leave trails a few millimetres long, which would be a
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"Exotic" states of matter exist for less than a blink of an eye

Scientists have found new ways in which quarks, the tiniest particles known to

humankind, group together.
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two tetraquarks have the same mass, suggesting they may be the first known pair of

exotic structures.

Perhaps even more importantly, though, the latest finds mean that there are now

enough of these particles to begin grouping them together, like the chemical elements

in the periodic table. That is an essential first step towards creating a theory and set of

rules governing exotic mass.

In light of the new discoveries, physicists are discussing this very issue at a special

seminar on Tuesday at CERN, the European Organization for Nuclear Research, which

houses the Large Hadron Collider.

Working out minuscule differences between the tiniest things we know about may

seem arcane, but the interaction of quarks creates the so-called "strong force" that

holds the insides of atoms - and by extension our entire Universe - together.

"The strong force is extremely difficult to calculate, and we don't have firm predictions

of how the exotic pentaquarks and tetraquarks are built," says Prof Chris Parkes of

Manchester University. "But we hope that by finding out about them we can develop

theories that enable us to understand them better."

What are quarks?

A Greek philosopher, Democritus, put forward the idea in the fifth century BC that the

world was made up of indivisible particles which he called atoms.

By the end of the 19th and early 20th century, experimental results showed that atoms

were made up of smaller particles: electrons, neutrons and protons.

And in the 1960s, it became clear that neutrons and protons themselves were made

from smaller particles still, called quarks; and that the interaction of quarks was tied to

one of the fundamental forces of nature called the strong force.

The force not only holds the insides of atoms together, but is important in the

interactions of other sub-atomic particles that make the Universe tick.

The Large Hadron Collider has undergone a major upgrade and the researchers

involved believe that they will discover many more such exotic particles, some of

which may have six quarks bound together.

Some of these may have a less fleeting existence - perhaps a hundred billionth of a

second. That is brief by human standards, but because these particles travel at close to

the speed of light, they would leave trails a few millimetres long, which would be a
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‘Impossible’ Particle Adds a Piece to the Strong Force
Puzzle
The unexpected discovery of the double-charm tetraquark gives physicists fresh insight into the strongest of
nature’s fundamental forces.

Original story reprinted with permission
from Quanta Magazine, an editorially
independent publication of the Simons
Foundation whose mission is to enhance
public understanding of science by
covering research developments and
trends in mathematics and the physical
and life sciences.

THIS SPRING, AT  a meeting of Syracuse University’s quark
physics group, Ivan Polyakov announced that he had uncovered
the fingerprints of a semi-mythical particle.

“We said, ‘This is impossible. What mistake are you making?’”
recalled Sheldon Stone, the group’s leader.
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Polyakov went away and double-checked his analysis of data
from the Large Hadron Collider beauty (LHCb) experiment the
Syracuse group is part of. The evidence held. It showed that a
particular set of four fundamental particles called quarks can
form a tight clique, contrary to the belief of most theorists. The
LHCb collaboration reported the discovery of the composite
particle, dubbed the double-charm tetraquark, at a conference
in July and in two papers posted earlier this month that are now
undergoing peer review.

The unexpected discovery
of the double-charm
tetraquark highlights an
uncomfortable truth. While
physicists know the exact
equation that defines the
strong force—the
fundamental force that

binds quarks together to make the protons and neutrons in the
hearts of atoms, as well as other composite particles like
tetraquarks—they can rarely solve this strange, endlessly
iterative equation, so they struggle to predict the strong force’s
effects.

TRENDING NOW

How Disney Designed a Robotic Spider-Man

The tetraquark now presents theorists with a solid target against
which to test their mathematical machinery for approximating
the strong force. Honing their approximations represents
physicists’ main hope for understanding how quarks behave
inside and outside atoms—and for teasing apart the effects of
quarks from subtle signs of new fundamental particles that
physicists are pursuing.

Quark Cartoon

The bizarre thing about quarks is that physicists can approach
them at two levels of complexity. In the 1960s, grappling with a
zoo of newly discovered composite particles, they developed the
cartoonish “quark model,” which simply says that quarks glom
together in complementary sets of three to make the proton, the
neutron, and other baryons, while pairs of quarks make up
various types of meson particles.

Gradually, a deeper theory known as quantum chromodynamics
(QCD) emerged. It painted the proton as a seething mass of
quarks roped together by tangled strings of “gluon” particles, the
carriers of the strong force. Experiments have confirmed many
aspects of QCD, but no known mathematical techniques can
systematically unravel the theory’s central equation.

Somehow, the quark model can stand in for the far more
complicated truth, at least when it comes to the menagerie of
baryons and mesons discovered in the 20th century. But the
model failed to anticipate the fleeting tetraquarks and five-
quark “pentaquarks” that started showing up in the 2000s.
These exotic particles surely stem from QCD, but for nearly 20
years, theorists have been stumped as to how.
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“We just don’t know the pattern yet, which is embarrassing,” said
Eric Braaten, a particle theorist at Ohio State University.

The newest tetraquark sharpens the mystery. 

It showed up in the debris of roughly 200 collisions at the LHCb
experiment, where protons smash into each other 40 million
times each second, giving quarks uncountable opportunities to
cavort in all the ways nature permits. Quarks come in six
“flavors” of masses, with heavier quarks appearing more rarely.
Each of those 200-odd collisions generated enough energy to
make two charm-flavored quarks, which weigh more than the
lightweight quarks that comprise protons but less than the
gigantic “beauty” quarks that are LHCb’s main quarry. The
middleweight charm quarks also got close enough to attract
each other and rope in two lightweight antiquarks. Polyakov’s
analysis suggested that the four quarks banded together for a
glorious 12 sextillionths of a second before an energy fluctuation
conjured up two extra quarks and the group disintegrated into
three mesons.

For a tetraquark, that’s an eternity. Previous tetraquarks have
contained quarks paired with their equally massive opposing
antiquarks, and they tended to puff into nothingness thousands
of times faster. The new tetraquark’s formation and subsequent
stability surprised Stone’s group, which expected charm quarks
to attract each other even more weakly than the quark-
antiquark pairs that bind more ephemeral tetraquarks. The
tetraquarks' tenacity is a fresh clue to the strong force enigma.

Quark Rules of Thumb

One of the few theorists to foresee why two charm quarks might
mingle was Jean-Marc Richard, now at the Institute of Physics of
the 2 Infinities in Lyon, France. In 1982, he and two colleagues
studied a simple quark model and initially found that four
quarks would rather form two pairs, or mesons. A quark pair can
tango, much as a proton and electron can. But add two more,
and the newcomers tend to get in the way, weakening the
attraction and dooming the collective particle.

The theorists also noticed a loophole: Lopsided quartets can
stick together if the larger pair is heavy enough to not take much
notice of the lighter pair. The question was, how skewed would
the masses have to be?

After conducting further analysis, Richard and a colleague
predicted that it’s not necessary to go all the way to the most
gargantuan quarks; a pair of middleweight charm quarks could
anchor a tetraquark. But alternative extensions of the quark
model predicted different tipping points, and the existence of
the double-charm tetraquark remained doubtful. “There were
more guesses that it would not exist than there were that it
would exist,” Braaten said.

The same was true of “lattice QCD” computer simulations, a
powerful approach to approximating QCD. These simulations
capture the richness of the theory by analyzing quarks and
gluons interacting at points on a fine grid instead of throughout
a smooth space. All lattice QCD simulations agreed that the
heaviest quarks could make tetraquarks. But when researchers
swapped in charm quarks, most simulations found that double-
charm tetraquarks couldn’t form.

Now the LHCb experiment has made a definitive ruling: Charm
quarks can bind a tetraquark together. (Only barely, though—the
physicists calculate that if the composite particle had just one-
hundredth of a percent more mass, two mesons would win out
instead.) Now theorists have a new benchmark for their models.

For lattice QCD practitioners, the new tetraquark highlights the
problem that key details about the midsize quarks may be
getting lost between their lattice points. Lightweight quarks can
zip around enough to allow their movement to be captured even
against a coarse grid. And researchers can deal with heavy, more
stationary quarks by pinning them to one spot. But charm
quarks inhabit an awkward middle ground, and researchers
think they’ll need to zoom in to better discern their behavior.
“We need, most likely, a finer lattice,” said Pedro Bicudo, a lattice
QCD specialist at the University of Lisbon in Portugal.

More capable lattice QCD simulations will have far-reaching
benefits. Particle physicists’ main goal in experiments like LHCb
is to find signs of new fundamental particles, such as those that
might make up the universe’s dark matter. To do so, they must
be able to distinguish the dance of charm quarks and their kin
from other, more novel influences.

“Anywhere the charm quark is important, this [discovery] will
spread there,” Bicudo said.

Original story reprinted with permission from Quanta Magazine,
an editorially independent publication of the Simons
Foundation whose mission is to enhance public understanding
of science by covering research developments and trends in
mathematics and the physical and life sciences.
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‘Impossible’ Particle Adds a Piece to the Strong Force
Puzzle
The unexpected discovery of the double-charm tetraquark gives physicists fresh insight into the strongest of
nature’s fundamental forces.

Original story reprinted with permission
from Quanta Magazine, an editorially
independent publication of the Simons
Foundation whose mission is to enhance
public understanding of science by
covering research developments and
trends in mathematics and the physical
and life sciences.

THIS SPRING, AT  a meeting of Syracuse University’s quark
physics group, Ivan Polyakov announced that he had uncovered
the fingerprints of a semi-mythical particle.

“We said, ‘This is impossible. What mistake are you making?’”
recalled Sheldon Stone, the group’s leader.
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Polyakov went away and double-checked his analysis of data
from the Large Hadron Collider beauty (LHCb) experiment the
Syracuse group is part of. The evidence held. It showed that a
particular set of four fundamental particles called quarks can
form a tight clique, contrary to the belief of most theorists. The
LHCb collaboration reported the discovery of the composite
particle, dubbed the double-charm tetraquark, at a conference
in July and in two papers posted earlier this month that are now
undergoing peer review.

The unexpected discovery
of the double-charm
tetraquark highlights an
uncomfortable truth. While
physicists know the exact
equation that defines the
strong force—the
fundamental force that

binds quarks together to make the protons and neutrons in the
hearts of atoms, as well as other composite particles like
tetraquarks—they can rarely solve this strange, endlessly
iterative equation, so they struggle to predict the strong force’s
effects.

TRENDING NOW

How Disney Designed a Robotic Spider-Man

The tetraquark now presents theorists with a solid target against
which to test their mathematical machinery for approximating
the strong force. Honing their approximations represents
physicists’ main hope for understanding how quarks behave
inside and outside atoms—and for teasing apart the effects of
quarks from subtle signs of new fundamental particles that
physicists are pursuing.

Quark Cartoon

The bizarre thing about quarks is that physicists can approach
them at two levels of complexity. In the 1960s, grappling with a
zoo of newly discovered composite particles, they developed the
cartoonish “quark model,” which simply says that quarks glom
together in complementary sets of three to make the proton, the
neutron, and other baryons, while pairs of quarks make up
various types of meson particles.

Gradually, a deeper theory known as quantum chromodynamics
(QCD) emerged. It painted the proton as a seething mass of
quarks roped together by tangled strings of “gluon” particles, the
carriers of the strong force. Experiments have confirmed many
aspects of QCD, but no known mathematical techniques can
systematically unravel the theory’s central equation.

Somehow, the quark model can stand in for the far more
complicated truth, at least when it comes to the menagerie of
baryons and mesons discovered in the 20th century. But the
model failed to anticipate the fleeting tetraquarks and five-
quark “pentaquarks” that started showing up in the 2000s.
These exotic particles surely stem from QCD, but for nearly 20
years, theorists have been stumped as to how.
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“We just don’t know the pattern yet, which is embarrassing,” said
Eric Braaten, a particle theorist at Ohio State University.

The newest tetraquark sharpens the mystery. 

It showed up in the debris of roughly 200 collisions at the LHCb
experiment, where protons smash into each other 40 million
times each second, giving quarks uncountable opportunities to
cavort in all the ways nature permits. Quarks come in six
“flavors” of masses, with heavier quarks appearing more rarely.
Each of those 200-odd collisions generated enough energy to
make two charm-flavored quarks, which weigh more than the
lightweight quarks that comprise protons but less than the
gigantic “beauty” quarks that are LHCb’s main quarry. The
middleweight charm quarks also got close enough to attract
each other and rope in two lightweight antiquarks. Polyakov’s
analysis suggested that the four quarks banded together for a
glorious 12 sextillionths of a second before an energy fluctuation
conjured up two extra quarks and the group disintegrated into
three mesons.

For a tetraquark, that’s an eternity. Previous tetraquarks have
contained quarks paired with their equally massive opposing
antiquarks, and they tended to puff into nothingness thousands
of times faster. The new tetraquark’s formation and subsequent
stability surprised Stone’s group, which expected charm quarks
to attract each other even more weakly than the quark-
antiquark pairs that bind more ephemeral tetraquarks. The
tetraquarks' tenacity is a fresh clue to the strong force enigma.

Quark Rules of Thumb

One of the few theorists to foresee why two charm quarks might
mingle was Jean-Marc Richard, now at the Institute of Physics of
the 2 Infinities in Lyon, France. In 1982, he and two colleagues
studied a simple quark model and initially found that four
quarks would rather form two pairs, or mesons. A quark pair can
tango, much as a proton and electron can. But add two more,
and the newcomers tend to get in the way, weakening the
attraction and dooming the collective particle.

The theorists also noticed a loophole: Lopsided quartets can
stick together if the larger pair is heavy enough to not take much
notice of the lighter pair. The question was, how skewed would
the masses have to be?

After conducting further analysis, Richard and a colleague
predicted that it’s not necessary to go all the way to the most
gargantuan quarks; a pair of middleweight charm quarks could
anchor a tetraquark. But alternative extensions of the quark
model predicted different tipping points, and the existence of
the double-charm tetraquark remained doubtful. “There were
more guesses that it would not exist than there were that it
would exist,” Braaten said.

The same was true of “lattice QCD” computer simulations, a
powerful approach to approximating QCD. These simulations
capture the richness of the theory by analyzing quarks and
gluons interacting at points on a fine grid instead of throughout
a smooth space. All lattice QCD simulations agreed that the
heaviest quarks could make tetraquarks. But when researchers
swapped in charm quarks, most simulations found that double-
charm tetraquarks couldn’t form.

Now the LHCb experiment has made a definitive ruling: Charm
quarks can bind a tetraquark together. (Only barely, though—the
physicists calculate that if the composite particle had just one-
hundredth of a percent more mass, two mesons would win out
instead.) Now theorists have a new benchmark for their models.

For lattice QCD practitioners, the new tetraquark highlights the
problem that key details about the midsize quarks may be
getting lost between their lattice points. Lightweight quarks can
zip around enough to allow their movement to be captured even
against a coarse grid. And researchers can deal with heavy, more
stationary quarks by pinning them to one spot. But charm
quarks inhabit an awkward middle ground, and researchers
think they’ll need to zoom in to better discern their behavior.
“We need, most likely, a finer lattice,” said Pedro Bicudo, a lattice
QCD specialist at the University of Lisbon in Portugal.

More capable lattice QCD simulations will have far-reaching
benefits. Particle physicists’ main goal in experiments like LHCb
is to find signs of new fundamental particles, such as those that
might make up the universe’s dark matter. To do so, they must
be able to distinguish the dance of charm quarks and their kin
from other, more novel influences.

“Anywhere the charm quark is important, this [discovery] will
spread there,” Bicudo said.

Original story reprinted with permission from Quanta Magazine,
an editorially independent publication of the Simons
Foundation whose mission is to enhance public understanding
of science by covering research developments and trends in
mathematics and the physical and life sciences.
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Figure 1: Static potential determined using the full mixing matrix; the three lowest lying energy
levels Vn(r), n = 0, 1, 2 are shown. The grey line corresponds to twice the static-strange meson
mass, its error is too small to be visible. The black line corresponds to twice the static-light meson
mass; the error is automatically taken into account by using the ratio given in Eq. (2.6). For all
distances, the fixed GEVP with t0/a = 5, td/a = 10 is used.

The matrix of correlation functions Eq. (2.3) we use contains three very different operators,
which should have strong overlap onto the three lowest physical energy eigenstates. Following
Ref. [19], we expect problems with determining energies from the GEVP using a finite basis will
arise when higher states for which no good operator appears in the basis are close in energy. We
can estimate where the next energy levels should be around the breaking region and they are all
higher by a scale of about 500MeV, substantially larger than the gaps observed.

The string breaking region is reproduced in more detail in Fig. 2. Both avoided crossings are
visible and the energy gap between the ground state and first level is larger than the gap between
first and second levels. Qualitatively, the first mixing region appears to be broader, but it is not
possible to determine the difference between the first string breaking distance rc and the second
string breaking distance rcs by eye. The quantification of string breaking involving three levels
is more complex in comparison to the two-level situation. For the Nf = 2 vacuum, the string
breaking distance rc can be defined by the minimum of the energy gap �E [6]. When the strange
quark is included, an alternative definition of the two string breaking distances rc and rcs is needed
as there is not necessarily a minimum energy gap.

6

avoided level crossing

confinement force

SciPost Physics Submission

-1

-0.5

0

0.5

1

1.5

2

0.2 0.4 0.6 0.8 1 1.2

Πu

Σu-

Σg+

V~
e Λ

ηε
(r
)
[G
eV
]

r [fm]

Figure 1: Improved lattice data points (7) and (11) together with the parameterizations
(5) and (9) for the ordinary static potential and the ⇧u and ⌃�u hybrid static potentials.
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can estimate where the next energy levels should be around the breaking region and they are all
higher by a scale of about 500MeV, substantially larger than the gaps observed.
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string breaking distance rcs by eye. The quantification of string breaking involving three levels
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• What	is	the	nature	of	matter	
in	the	core	of	neutron	stars?

• Run	2019:
• Collider:	√sNN=14.6,	19.6,	200	GeV
• Fixed	target: √sNN=3.2	GeV
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• Collider:	√sNN=9.2,	11.5	GeV
• Fixed	target:	√sNN=3.5,	3.9,	4.5,	5.2,
6.2,	7.2,	7.7	GeV

• Run	2021:
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• Fixed	target:	√sNN=3.0,	9.2,	11.5,	13.7	GeV
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QCD looks a lot like condensed matter 

Our work supported by  BMBF   focuses on the physics of 
ALICE: the physics of QUARK GLUON PLASMA (QGP)  

and the QCD Phase Diagram

Water
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Can be applied to cold atoms (polaron), but also to neutrino fast conversion in supernova, dark 
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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:
Emergent phenomena, synthetic gauge fields, topological configurations,  emergent fermion fields, quantum 
computing

Jansen, Roberts  Section A, A*, H 

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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A very complicate landscape 
PDFs, GDPs, TMDs!

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:

BOEFT for  XYZs, NREFTs, 

beta decays,nonequilibrium evolution

Vairo, Walker-Loud,

Section B,C

Take away messages: 
Use the scale hierarchy: factorize, simplify,

get a structure and power counting, evaluate on the 

lattice the  low energy part

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



 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 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 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 

 QCD: statistics, machine learning (classical and quantum), quantum computing 
Matorras, Jansen, Section H

Transversal to all the subjects of QCHS !

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

This is fundamental also for collider physics 



and the Sponsors

Administrative support :
 Silvana Santucci and 

Emily Campbell

Thanks to AYSE



THANKS FOR THIS BEAUTIFUL VENUE!!! 
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STAY TUNED AND SEE YOU AT CONFINEMENT2026!!

Outlook


