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Why are we here:

Hagedorn Temperature is the pivotal idea that opened to study
high energy density matter defining our Universe in primordial
times. It was put forwards at CERN 50 years ago. We celebrate
the anniversary today.

Rolf Hagedorn has opened at CERN the path to the study of
hot hadronic matter which we call today quark-gluon plasma. It
seems appropriate to remember the physics progress made in
the past 50 years and how our view of the Universe evolved in
this half century.

Lasting Influence lllustrated by a few stepping stone
developments.
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rergonal and Confidential 28 september, 1960
Dear Dr. Hagedorn,
It gives me grest plessure Lo Inlorm you that it 1s ay

you an ite appnir‘rmrnf with thils Organization
Trom 1 Js Ty, 1961. This @ has been decided in
accordance with the present poliey of CEEN not to olfer such appoint-
wents to sele 4 atrxff menbers normally before their completion of

2t least six years' service in the Organization.

intention tc of
to take effect

Mhig
Divisgion of €

It is intended that you devote your time partly to inves-
tigati 1d computing orobleme assoc ad th the experimental
lorogral of CHERN, such as the use of sta ical models for pre-
dicting particle production, and partly to e asgpects of theoretical
physics thet will enable you to keep abreas nodern developments in

indefinite amppointment 1s for o post in the Theory

t o

How it all begun: Heisenberg hired Hagedorn trained by preeminent thermo-
dynamics theorist Becker to work on his cosmic emulsion-star hobby, what we
know to be the very precursor to hot hadronic matter, and sends him of to
CERN to continue; and CERN D.G. Adams charges Hagedorn with this task.
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1964/65 Revolution: These ideas determine our times

» Hagedorn: Ty & SBM hadronic matter
>
>

| 2

Our time line:
1. 50 years ago — Melting hadrons: birth of hadronic matter
2. 35 years ago — Boiling quarks: at Ty hadrons < quarks
3. 15 years ago — Quark-gluon plasma discovery
4. Today — Searching with QGP for new physics
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Ty has a tormented birth WITHDRAWN

Hagedorn 1960-1964: Fermi model produces too few pions
could this mean particles are dlstlngwshable ?
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A model is born: SBM=Statistical Bootstrap Model

A macroscopic system

S a "particle”
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with total energy E with total energy m
given volume V self-confined to its
density of states o (E,V) natural volume V(m)

Ty : limiting temperature density of swtes p (m)
em/TH

Idea yields exponential mass spectrum: p x« ——————
y Y p P (m% 4 mZ)a/Z
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STATISTICAL THER(ODYRAICS OF STRONG INTERACTIONS AT AIGH ENERGIES

66/5 = TH.

R. Esgedorn
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In this statistical-thermodynarical approach to strong inter-
actions at high energies it ic asoused that higier and higher re-
sonances of strongly interscting particles occur and take part in
the thermodynanies as if they were marticles. For m — o these
objects are themeelves very similar fo those
cribed by this thermodynamics, Expressed in a slogan:
y theruodynasics fire-balls el eonsist of fivo-balls,
consist of fire-balls, which . This princ
called "agmpiotic tootstrap,ieads to & Sert-cometstency require-
ment for the seymptotic form of the mass spectrum. The equation
folloving from this requirement has only & if the mass
spectrun grovs exoneatially

solution

=512
p(n) =y constun™ “explyy

e a remnriabls quantitys the erition funotion correopording

0 the above p(n) diverges for therefoxe the
Higieet poneidble tomporabuze for strng intersctions. It should -
via & laxwell-Bol temann law — gover the transversal momentun dis-

tribution in all high energy collis:

s including e,
2 experisentel evidence for that, ad

form factors, etc,), There i
Ghen T, is avowt 150 He? ( ¥ 10'2 O), With this value of T
the asymptotic mass spectrun of our theory has a good chance to be

the correct extrapolation of the yxpcrmertully Jnowm spectrun.
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Jan. 1965: Nuovo Cim. Supp. 3147 (1965): SBM, Ty
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Phases of Hadronic Matter 1980
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From J. Rafelski and T. Ericson: CERN Courier memorial article “Tale of Hage-
dorn Temperature” — adapted from Hagedorn and Rafelski 1980 manuscript,

found in similar format in Letessier-Rafelski book “Hadrons from QGP”-
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Strangeness Signature of QGP 1980-86

A signature of QGP was ‘requested’ for the QM1 meeting at GSI — and further
developed in collaboration with Berndt Miller.
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CERN RHI experimental SPS program is born
1980-86
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A new ‘large’collider is build at BNL: 1984-2001

@ %~ PHOBOS : BRAHMS ‘
RHIC Sebih s
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My favorite: Strange Antibaryons: SPS, RHIC,
ALICE: 1996-2014

Pb-Pb at \[s, = 2.76 TeV
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Largest ‘Medium Effect’and a characteristic signature of QGP
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CERN press office
New State of Matter created at CERN

10 Feb 2000

At a special seminar on 10 February, spokespersons from the experiments on CERN* 's Heavy Ion
programme presented compelling evidence for the existence of a new state of matter in which quarks, instead
of being bound up into more complex particles such as protons and neutrons, are liberated to roam freely.

press.web.cern.ch/press-releases/2000/02/new-state-matter-created-cern
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9AM, 18 April 2005; US — RHIC announces QGP
Press conference APS Spring Meeting

‘Hagedorn Legacy’ 50 y of Hagedorn Temperature Introductory Remarks, Friday November 13, 2015



Connection to Relativistic Heavy lon Collisions

» Universe time scale 18
orders of magnitude
longer, hence equilibrium
of leptons & photons

» Baryon asymmetry six
orders of magnitude larger
in Laboratory, hence
chemistry different

Bighg T — » Universe: dilution by scale
_— — expansion, Laborgtory

Ny /N = 107 Ny /N = 0.001 exploswe expansion ofa
fireball

= Theory connects RHI collision experiments to Universe

Micro-Bang
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The Universe Composition Changes
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Valedictorian Lecture 1994

58M = -w.mm aodit 4/ud
&-md«u buted ne 0Bs

]HA‘BRDHJ’ P'RN UQUN AND fﬂNANt
LAN b dECAY nﬂurva‘v NES; Joen Afal'

This b dirtrry form. 1926 =
SBIY bty MIT sn akeietirg datndl

‘Hagedorn Legacy’ 50 y of Hagedorn Temperature Introductory Remarks, Friday November 13, 2015




