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Die Erste Stunde
Talk title evolved, will explain physics, talk is about  Walter



Die Erste Stunde
 

This will be an account how a new field of physics was created
in Frankfurt beginning in 1968 – coincident with my meeting in

 classroom of my future thesis adviser and teacher
 Walter Greiner
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The prehistory
Sometime around 1965-7 Walter Greiner recognizes the need to
understand the atomic structure of superheavy  element Z=164
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1st step: Dirac relativistic QM Singularity 
Interior Electron Shells in Superheavy Nuclei 
Pieper-Greiner Z. Physik 218, 327-340 (1969)

 submitted August 14 1968
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The 1968 October revolution: 
Walter Greiner

 teaches theoretical physics in 1st semester, 
& starts new strong fields research group with us 

Photoarchive: JohannR
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2nd step: Walter's great invention
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What is (mostly) this about?
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3rd step: 1972 HI Collisions replace the 
 need for super-super-heavy nuclei



June 28, 2017 FIAS FOS for WG by JR 10

A decade of process computation in heavy ion collisions
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4th step 1973: no stable vacuum,
 hence vacuum decay in  Strong Fields
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New local vacuum state
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Rate of surface pair production
Speed of decay of false vacuum controlled by 
Heisenberg-Schwinger field strength. 
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Connection to rate of
pair production
in constant fields

Effect large for   Field

Probability of vacuum pair production  can be evaluated in WKB 
description of barrier tunneling: All E-fields are unstable and can 
decay to particles – footnoted by Heisenberg around 1935, added 
into Schwinger's article as a visible after finish-point invited by 
referee (Heisenberg?). New idea: strong field = strong acceleration

Es=1.323 1018 V/m

The sparking of the QED dielectric
               

J SchwingerW Heisenberg 
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Supercritical Neutrino Production 2017

Neutrino mass small, 
but interaction 
G-small too. Dense 
nuclear matter  will 

do for V>2mc2. 

Usefull as energy loss 
mechanism in presence 
of critical density 
fluctuation 

Part of Ph.D. Thesis  (Cheng Tao 
Yang) in progress. The other part 
is about the first hour in the  
Universe and the role of quantum 
neutrinos in Universe evolution 
from QGP era to BBN. 
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Back to time line: The personal step 
August 1973:  

Ffm Rathaus

Photoarchive: JohannR
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Tucson, 
15 years after

Photoarchive: JohannR

Photoarchive: JohannR



June 28, 2017 FIAS FOS for WG by JR 18

Back to timeline: 5th  Step 
“Accelerated” Vacuum – compare

accelerated observer and BH
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Intermezzo: Walter bridged for a few months with a GSI job before  on Sept 1, 

1977  I started CERN fellowship; I was at CERN for start of RHI-PS/SPS project, 
the decision to build LEP/LHC etc.came back to Frankfurt November 1979 

bringing with me QCD, confining vacuum and QGP 
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A stimulating 1979-1983

Photoarchive: JohannR
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Vacuum structure model of quark 
confinement  in hadrons: simulacrum 
of the charged vacuum in strong field

Quarks  live inside a domain 
where the (perturbative)  
vacuum is without gluon 
fluctuations. This outside 
structure wants to enter, but is 
kept away by quarks trying to  
escape.

 The model assumes that the 
energy density E/V=0 of the  
true vacuum is  lower than the 
inside of a hadron. 

Photoarchive: JohannR
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Book on Special Relativity 1982-2017
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Relativity was both part of Strong Fields 
and  QGP physics and very 

misunderstood  back then and now
How did we write the book? I taught a class; Walter
 
heavily edited my notes and made me invent
examples and exercises so the  class would be
practical. Tradition continues.
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Strong Field book followed 1983-86

This time we wrote independently 
three parts,

Berndt and Joachim R corrected 
my errors and omissions;

In Cape Town I was busy with 
finishing the big review on 

strangness in QGP 
(P.Koch, BM, JR)
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Another book followed 1984-85 with 
Berndt

 English,  German, Italian,....
Photoarchive: JohannR
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Jobs accomplished: Visby 1986

Photoarchive: JohannR
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Next 30 years work to understand the first 
hour: picture for pedestrians..... 

      After the  Big-Bang the 
“vacuum” was different till 
about at 20 s – expansion 
cooled the temperature T to a 
value near 150 MeV that is ~ 
2x1012K at which point vacuum 
changed and our matter “froze  
out”.  

Most of other things blah-blah

Matter emerges 
from quark-gluon  
plasma
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Radiation Dominated Era
Neutrinos freeze-out at T  1MeV.
Energy density dominated by neutrinos, photons 
down through BBN (T = 40 -70keV) until T = O(1eV)

Dark energy and Matter Dominated Eras
Present day on left of plot: 69% dark energy, 26% dark
matter, 5% baryons, < 1% photons and neutrinos.
First vertical line on the left shows recombination at
T  0:25eV.

Freeze-out of hadrons T=150 MeV 
(hadrochemistry)  and after?
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For experts: The First Hour of the Universe
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Energy evolution in Universe
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 30 years after: 2006: Walter at SQM 

Photoarchive: JohannR

Photoarchive: JohannR
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Conclusions:
Walter is the man of strong fields

Photoarchive: JohannR
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