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Why  Strangeness in Quark Matter 
(SQM)?

• I have had a long interest in the series, having been to 
most of the conferences, including one of the 
contenders for the “original” conference (Kolymbari, 
Crete, 1994), and having hosted one at Birmingham in 
2013

• The size and scale of the conference has grown a lot 
over the years, from ~40 participants in 1994 to ~170 in 
Birmingham and ~290 in Bari.

• Now regarded as one of the “major” conferences for Heavy 
Ion physics, and one to which (for example) the ALICE 
collaboration gives a high priority.
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SQM2000 Berkeley
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Cape Town 2004
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SQM 2013 Birmingham
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SQM 2019 Bari
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Why Strangeness?

• The scope of “strangeness” has been extended over the years to 
include not only the features of strange quark production in heavy ions, 
but also that of heavier flavour quarks, c and b.

• They are all good probes of the development of a quark-gluon plasma
• Strange quarks are not present (much) in the initial state, but are produced 

copiously in a heavy ion interaction – mainly thermal production
• Heavier flavours c and b have been considered to be too heavy to be 

produced thermally, and therefore must be produced through hard scattering
•  calculable cross sections to compare with pp scattering!

• At LHC energies, the temperatures achieved in a heavy ion collision are so 
high that this is not quite true for c quarks, where there is now a lot of 
evidence for a thermal component, but remains true for b quarks.

• These differences in production, coupled with full use of the analysis of 
dynamics developed using unidentified hadrons (e.g. jet production, 
azimuthal dependence, etc.) make the use of flagged flavour 
production a very powerful tool in studying the QGP.
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Why Quark Matter?

• Of course, the main focus of the conference has been to 
discuss the findings from the experimental studies of (ultra-
relativistic heavy ion collisions), (BNL, CERN, GSI, with more 
in future) and their interpretation (hot quark matter)

• However, the origins of the conference stem from an 
interdisciplinary project with astrophysicists). The scope was 
originally intended to cover (i) the origins of the Universe in 
cosmology, and (ii) evidence for large strange objects 
(“strange stars”) in the current universe.

• Unfortunately, it has been a long time since the early universe was 
discussed at these conferences (Schramm in Chicago was a fan…, 
but there has not been a lot of activity more recently), but

• Strange stars have remained, and very recently there has been a 
linking of the two studies.
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The Experiments
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Experimental facilities: LHC 
• LHC, CERN:

• pp        up to 13 TeV (0.9, 2.36, 5.02, 7, 8, 13 TeV)
• Pb–Pb up to 5.02 TeV (2.76, 5.02 TeV)
• Xe–Xe 5.44 TeV
• p–Pb up to 8.16 TeV (5.02, 8.16 TeV)
• possibly other nuclei

• ALICE – dedicated heavy-ion experiment

• ATLAS – general-purpose detector, 
HI capabilities

• CMS – general-purpose detector, 
HI capabilities

• LHCb – forward beauty experiment, 
HI capabilities forward and fixed target
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Experimental facilities: RHIC 
• RHIC, BNL

• pp        up to 500 GeV        (62, 200, 400, 500 GeV, polarized)
• Au–Au up to 200 GeV        (many from 7.7 GeV)                  BES
• Cu–Cu up to 200 GeV        (22, 62, 200 GeV)
• U–U              193 GeV
• Cu–Au          200 GeV
• Zr–Zr; Ru–Ru 200 GeV      

special run with isobar nuclei
• p, d, He–Au   200 GeV       

(d–Au 19.7, 39, 62, 200 GeV)    BES
• possibly fixed target Au–Au       BES

• STAR – multipurpose HI detector (hadrons)
• PHENIX – multipurpose HI detector (leptons) 

-> sPHENIX
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Experimental facilities: SPS, SIS18 
• SPS, CERN

• pp        up to 29 GeV        (450 GeV in lab)
• Pb–Pb up to 17 GeV        (156 GeV in lab)                  BES
• many other combinations from fragmented beams      BES

• NA61/SHINE – follow-up of NA49

• SIS18, GSI

• pp          up to 2.9   GeV  (4.5 GeV kinetic in lab)
• Ne–Ne   up to 1.9 GeV    (1.9 GeV kinetic in lab)
• U–U       up to 1.4 GeV    (1.1 GeV kinetic in lab)

• HADES – high acceptance spectrometer
for di-electrons and hadrons

• FOPI – 4π spectrometer, hadron identification
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Heavy Flavour
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Open Heavy Flavour

• Heavy flavour is a probe of the early stages in a heavy 
ion collision. (quarks formed in initial hard collisions at 
t<0.1 fm/c, before the QGP has developed.)

• Rates in pp are calculable by pQCD, so a comparison 
with production in AA gives us an indication of how the 
quark interacts with the medium.

20 November 2019 19



20 November 2019 20



20 November 2019 21



20 November 2019 22



Quarkonia
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Quarkonia

• A long history. J/ψ suppression was one of the first 
signatures proposed for detecting the QGP (Debye 
screening)

• T. Matsui and H. Satz. Phys.Lett. B178 416 (2951 citations!)

• Many other explanations possible.
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Quarkonia

• A long history. J/ψ suppression was one of the first 
signatures propose for detecting the QGP (Debye 
screening)

• T. Matsui and H. Satz. Phys.Lett. B178 416 (2951 citations!)

• Many other explanations possible.
• No time to go through them. Will mention a few as we go 

through.
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Percolation Model

• Based on strings as fundamental variables in the collision
• Strings have finite extension, and can fuse when drawn too 

densely
• Heavy flavour driven by number of collisions, which follows 

number of strings before fusion

• Multiplicity determined by number of strings after fusion

• As multiplicity increases, Nheavy-flavour, or Nquarkonia increases 
more rapidly

• Consequence of multiple parton interactions in the collision.

coll stringsN N∝

stringsNµ ∝
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Thermal Production
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Thermal Production

• One of the most characteristic features of heavy ion 
collisions is the huge multiplicities achieved in such 
collisions. The standard interpretation is that

• In a heavy ion collision very large energy densities are 
achieved in the early stages of the collision. These lead to 
copious production of (mainly) gluons, and quarks, which 
quickly thermalize, giving rise to a rapidly expanding and 
cooling system of deconfined quarks and gluons. These 
eventually freeze into hadrons, which may still interact 
further, but without greatly changing the flavour yields set 
during the early stages. The final yields should reflect the 
expectations for a Boltzmann distribution at the temperature 
at which freeze-out into hadrons occurred.
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Thermal Production

• Of course, checking thermal production is complicated.
• The role of resonances is crucial, as these distort the yields of 

quarks in the final distributions, typically increasing the 
numbers of u and d quarks

• (For example                                                increases the number 
of light quarks whilst not changing the number of strange 
quarks.) 

• This is now taken into account for all known resonances with 
masses below ~ 2 GeV.

• Remember Tfreeze-out ~ 160 MeV, so resonances above this 
cutoff have little effect: they are not produced thermally.

*0 (890 ()( ) ) ( )K s Kd su udπ+ −→

20 November 2019 40



Bellini- Wednesday
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Bellini- Wednesday
Values measured over 7 orders of magnitude
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Bellini- Wednesday

Values measured over 7 orders of magnitude
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…problems and tensions…

• Protons
• Role of the φ

• Ξ/φ ratio

• Deuterons

• systematics

Small systems
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Small Systems
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Unlike Particle Correlations
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Reminder- Identical Particle Correlations

• When two identical bosons (e.g. π+π+) are emitted incoherently with very 
similar momenta, there is a quantum-mechanical correlation between the 
particles, leading to an enhancement relative to expectations for uncorrelated 
particles (e.g. those from different events)

• This is known as the Hanbury-Brown Twiss effect, because the same physics 
applies for photon-photon correlations. Hanbury-Brown and Twiss used this at 
Jodrell Bank to estimate the size of stellar objects. In particle physics it is also 
known as the Goldhaber effect, as Goldhaber et al. applied it independently in 
a particle physics context in a scattering experiment at Berkeley, in both cases 
in 1954.

• The use of the technique was extensively studied at RHIC in the period 2003-
2008. Results were used at LHC as a tool to determine the size of particle-
emitting volumes. Nowadays referred to as “femtoscopy”.

• If instead we use two identical fermions, we see similar effects, except that 
now the result is destructive rather than constructive. The ratio of same event 
correlation to random correlation gives a depletion rather than an 
enhancement.
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Laura Fabietti

By this technique, we learn
• The sign of the potential between two particles
• Its magnitude.
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…summarizing…
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Laura Tolos

χEFT
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The Future
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Future Projects

• Not counting the Run 3 and Run 4 LHC plans…
• Four different projects were presented
• Low Energy (search for onset of QGP)

• J-PARC (Japan) 
• CBM at FAIR, GSI.  (Germany)
• NICA, Dubna, (Russia)

• High Energy
• Next Generation Heavy Ion Experiment (CERN)
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New Heavy Ion Projects
Collision Rate Energy Ions Target Date

J-PARC √sNN=2-5GeV U238 2024

CBM at FAIR 107 10 A.GeV Au 2025

NICA 104 √sNN=4-12GeV Au 2022

CERN 1-2.5×106 √sNN=5.02GeV Pb CERN Run 5

All projects (except CERN) are currently under construction.
CERN “new generation” detector first presented at ECFA meeting in Granada, May 2019

20 November 2019 69



20 November 2019 70



Baku State University, NNRC, Azerbaijan;
University of Plovdiv, Bulgaria;
University Técnica Federico Santa Maria, Valparaiso, Chili;
Tsinghua University, Beijing, China;
USTC, Hefei, China;
Huizhou University, Huizhou, China;
Institute of Nuclear and Applied Physics, CAS, Shanghai, China; 
Central China Normal University, China;
Shandong University, Shandong, China; 

UNAM, Mexico City, Mexico;
Institute of Applied Physics, Chisinev, Moldova;

WUT, Warsaw, Poland;
NCN, Otwock – Swierk, Poland; 

UW, Wroclaw, Poland;
Jan Kochanowski University, Kielce, Poland; 

INR RAS, Moscow, Russia;
MEPhI, Moscow, Russia; 
PNPI, Gatchina, Russia;

INP MSU, Moscow, Russia;
KI NRS, Moscow, Russia;

SPSU - Dept. of NP, Russia;
St. Petersburg, Russia;  

SPSU – Dept. of HEP, St. Petersburg, Russia;
North Ossetia State University, Vladikavkaz, Russia;   

IHEP, Beijing, China;
University of South China, China; 

Palacky University, Olomouc, Czech Republic; 
NPI CAS, Rez, Czech Republic; 

Tbilisi State University, Tbilisi, Georgia; 
Tubingen University, Tubingen, Germany;

Tel Aviv University, Tel Aviv, Israel;
Joint Institute for Nuclear Research;

IPT, Almaty, Kazakhstan;

FHCal

MPD Collaboration:
10 Countries, 32 Institutes, 465 participants

spokesperson – A. Kiesel WUT, Poland
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Summary

• Heavy ion physics now following several different 
strands

• Properties of deconfined quark matter (high energy)
• Properties of small systems (pp, pA) at high multiplicity
• Search for Critical Point and properties of matter in this 

region (low energy)
• Several new detectors will address low energy region at 

very high intensities in the 2020s
• CERN programme now being considered into 2030s
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