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50 years since two new fundamental ideas

I Quarks+BE-Higgs→ Standard Model of Particle Physics
I Hagedorn Temperature→ New State of Elementary Matter

Topics today:
1. Quark-Gluon Plasma and Strangeness
2. Hadronization
3. Collision Transparency
4. Why are we into strong interactions
5. Optional: Krakow-Arizona collaboration time line
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CERN 1983 – Strangneness – Hadron Collisions
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+33 Years: When and how did we discover QGP?
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How: Strange Antibaryons – signature of QGP and
largest QGP medium effect: SPS Emanuele Quercigh
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Why: multi step: make flavor, float in QGP, bind flavor
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Strangeness excitation: Marek Gaździcki
All accessible energies SPS, RHIC, LHC = QGP
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Hadronization: SPS–RHIC–LHC
SHARE parameters from particle yields
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Universal Hadronization: RHIC vs LHC (also SPS)
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SHARE consistent with lattice QCD
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What exactly happens when pancakes collide?
This or this?
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Without particle ID RHIC-Phobos
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That is what we see with particle ID even for pp!
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SPS, RHIC, LHC comparison

I SHARE based determination of hadronization condition
reveals near perfect Universality of properties across the
entire reaction energy domain and L-QCD consistency

I There are no discernible differences in strange antibaryon
signature of QGP, at all energies where data exist there is
clear evidence for the same new state of matter.

I At least up to
√

sNN < 20 GeV (where particle ID’d data in
4π exists), and probably at much higher energies as well,
there is no sign of the McLerran-Bjorken transparency – we
see a pileup of energy at central rapidity. Baryon number
deposition varies strongly as function of collision energy.
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Origin of 10−9 baryon asymmetry
I Why seeking 10−9 baryon asymmetry at EW phase

transition TEW = 1000Thad? Everybody knows things do not
add-up; this demands of our community to look at the
hadronizing Universe.

I Hadronization in early Universe at T ' 150 where
oscillating neutrinos coupled to hadrons, heavy flavor c, b
in abundance assuring sufficient matter over antimatter
asymmetry, large nonequilibrium assured by need to
annihilate 20% of total energy content put into antimatter.
BUT we need baryon non-conserving processes!

I RHI to search for truly new physics: Are we sure that
a) baryon number is conserved?
b) energy balances out?
‘dark’ radiation is compatible with Early Universe
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The Æther
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From Æther to QGP – Quantum Vacuum
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QCD CONFINEMENT = Quark Mass of Matter
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50X 80 more years along this path
I Unprecedented progress: accelerators barely

started 80 years ago, particle production study
begins in earnest 50 years ago; leading us to
understand origin of mass of matter, the early
Universe, the Æther =quantum vacuum.

I Much mystery remains: Why colliding hadrons
make lots of entropy – what else is in quantum
vacuum? What is baryon number and why
matter is stable? Why three flavors?

I Kraków coffe houses, Zakopane mountains:
These are essential tools assuring future
progress and continued success for the large
Krakow group that rose to World prominence in
the past 50 years.
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Kraków-Arizona I

1986-88 Efforts to visit each other succeed November 1988:
The State of Change in Poland will never leave my memory

1989-99 10 years of Zakopane School as a meeting point:
Strangeness review and AB strangeness in QGP
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Kraków-Arizona II

2000-06 Golden age of scientific collaboration
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Kraków-Arizona III

2006-16 Mature friends
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