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Personal Memories-1 
Joachim Reinhardt 

I  meet Joachim (jr) in 1971 in my HiWi Gruppe – WG Theory lecture in classical 

mechanics  –  here in Frankfurt and seeing his talent, I arrange to introduce him 

to WG. I remember how Walter asks him where he lives and his eyes light up – 

“Kelkheim? You can ride with me home;”  – the future of jr was sealed.  I meet jr 

in the institute while visiting Frankfurt at GSI in  1977 (May-August)  before 

starting at CERN; we overlap in our interests in regard to quasi molecules and 

there is one paper published that he lists proudly on his web page. Google:
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Personal Memories-2 
Joachim Reinhardt 

Joachim and I remained in contact over the following 40 years, he was often the 

person who provided me with insights and developments about  the evolution 

of the  Frankfurt School of Theoretical Physics. To him I turned when in 

2006/7 I had the opportunity  to join the first Excellence Initiative at LMU – 

“...is it worth my time to learn more about ultra-intense lasers?” jr responded 

in personal conversation: “it is just a question of time till lasers reach positron 

threshold!” We continued to interact in following years. 
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Frankfurt School QED Books
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Science Part: A new 
Foundational Physics 
Acceleration Frontier

with connection between topics
following historical time-line   

 Aether=Structured Vacuum  

 (Super)Critical Fields=Positron Production=Local 

Structured Vacuum: Frankfurrt 1970+

 Critical Fields=Critical Acceleration  with 

Radiation-Reaction
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Aether=Structured Vacuum
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Four elements and the aether
 The word aether  in Homeric 

Greek means “pure, fresh air" or 
“clear sky",  pure essence 
where the gods lived and which 
they breathed. The aether was 
believed in ancient and 
medieval science  to be the 
substance that filled the region 
of the universe above the 
terrestrial sphere. 

Fire:=energy; Air:=gas phase; 
Water:=liquid phase; Earth:=solid phase; Aether=vacuum
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Inertia & Mach’s Principle 
Measurement of (strong) accleration requires a 
Reference frame: what was once the set of fixed 

stars in the sky is today CMB photon freeze-out reference frame.  
To be consistent with special relativity: all inertial observers with  

respect to CMB form an equivalence class, 
we measure acceleration with reference to the CMB inertial frame.

It is rather clear  that the information about who is accelerating 
must be provided locally.

 

In Einstein’s  gravity  reference frame provided by metric. However, 
there is no “acceleration”, a dust of gravitating particles is in free fall. 

Only in presence of  a rigid body created by quantum physics combined 
with EM  force, Mach’s principle a concern.  

Ernst Mach
 1838-1916

... with the new theory of electrodynamics we are rather forced to have an 
aether. – P.A.M. Dirac, ‘Is There an Aether?,’ Nature, v.168, 1951, p.906.
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How can the laws of physics be 
known in all Universe?

“Recapitulating, we may say that according to the general 
theory of relativity space is endowed with physical 
qualities; in this sense, therefore, there exists an aether” 

“According to the general theory of relativity space without 
aether is unthinkable; for in such space there not only 
would be no propagation of light, but also no possibility of 
existence for standards of space and time 
(measuring-rods and clocks), nor therefore any 
space-time intervals in the physical sense.”

“But this aether may not be thought of as endowed with the 
quality characteristic of ponderable media, as consisting 
of parts which may be tracked through time. The idea of 
motion may not be applied to it.” Albert Einstein, 

Ather und die 
Relativitaetstheorie 

(Berlin, 1920):

TODAY: The laws of physics are encoded 
 in quantum vacuum structure
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Relativity changes the quantum world: 
Paul Dirac – memorial in St Maurice, VS
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Klein's “Paradox”

The Dirac equation uses  energy, mass and momentum of special 
relativity   E2 = p2c2 + m2c4, taking root we find in quantum physics 
two  energy (particle) bands. A potential mixes these states! 
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 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 1935; added into 
Schwinger's 1950 article as a visible after finish-point
 (my idea how this happened:  referee=Heisenberg).

Es=1.3 1016 V/cm
In laser focus this corresponds to Is=2.3 1029W/cm2  

The sparking of the QED dielectric
               

J SchwingerW Heisenberg 
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Tunneling instability: Relation to Klein's paradox

The relativistic  gap in energy 
reminiscent of insulators, 
where  conductive band is 
above the valance (occupied) 
electron band

Relativistic Dirac quantum 
physics predicts antimatter and 
allows formation of pairs of 
particles and antiparticles.
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Virtual Pairs: 
The vacuum is a dielectric

The vacuum is  a dielectric medium: a charge is screened by 
particle-hole (pair) excitations. In Feynman language the real photon 
is decomposed into a bare photon and a photon turning into a “virtual” 
 pair. The result: renormalized electron charge smaller than bare, 
Observable Coulomb interaction stronger (0.4%) at distance 1/m

This effect has been studied in depth  in atomic physics, is of particular relevance 
for exotic atoms where a heavy (muon)  charged particle replaces an electron.
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Matter Influences Vacuum 

Attractive force between 
two adjacent metal plates 
(Casimir  force, 1948)

e+e-

γ
γ

γ
γ

L

Photons  fluctuations altered by matter, Casimir effect   can 
be measured:

Hendrik B.G. Casimir 
         

More fluctuations outside the plates compared to the 
space between: outside pressure, plates attract

NOTE: Each ‘elementary’ particle, each interaction  adds a new 
“fluctuation” to  vacuum structure. 
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Supercritical Fields=
Positron Production=

Local Structured Vacuum
Frankfurt 1970++

PRESET DAY PARADIGM
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Strong Fields-seeking  tests: positrons from
 

(quasi-)superheavy elementes 
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Experimental Realization: 
Quasi-Molecules in Heavy  Ion collision
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 A new structured stable local vacuum state

Speed of decay of false vacuum controlled by 
(Heisenberg-Schwinger mechanism) E-field strength.
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1974 first local vacuum 
structure model of quark 

confinement  inside hadrons

 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 that inside of a hadron. 
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Color confinement due to gluon 
fluctuations 

 QCD induces chromo-electric and 
chromo-magnetic fields throughout space-time – 
the vacuum is in its lowest energy state, yet it is 
strongly structured. Fields must vanish exactly 
everywhere  

 This is an actual computation  of the four-d  
(time +3-dimensions) structure of the gluon-field 
configuration. The volume of the box is 2.4 by 
2.4 by 3.6 fm, big enough to hold a couple of 
protons. 

  Derek B. Leinweber's group (U Adelaide)  

Numerical Method used:
 lattice in space time  

0H =

3 4(235 MeV) , (335 MeV)sqq G Gα µν
µνπ= =

Square of fields does not average out: “condensates
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Experiment: melt the particle structure
  T < ~ 103 K       molecules intact

T > ~ 103 K   (0.1 eV)   molecular dissociation 

  T < ~ 104 K      atoms intact

T > ~ 104 K  (1 eV)     atomic ionization, plasma formation

 
  T < ~  109 K    nuclei intact

T > ~  109 K  (0.1 MeV)    nuclear reactions 

  T < ~  1012 K     protons intact

T > ~  1012 K   (150 MeV)   vacuum melts, quarks free

  T < ~  1015 K     electromagnetic and weak interactions separate

T > ~  1015 K   (150 GeV)   Higgs vacuum melts, all quarks massless
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Melting the QCD vacuum in
Nuclear Collisions at  Relativistic energy E>>Mc2
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  Origin of Forces and Nature of 
Mass, Stability of Matter

  “Elementary” masses are generated by  
the vacuum. Two dominant  mechanisms:

➔ Higgs vacuum: <H> =h= 246 GeV; 
➔ mhiggs=h/2 (?); defines mass for W, Z; top, 

bottom, charm(?), contributes to lighter particle mass

 QCD vacuum latent heat at the level of <EVp>=0.3 GeV =: 
nuclear mass scale, quarks get constituent mass and are 
confined. QCD vacuum structure provides +95% of mass of 
matter  

Units are G=giga, M=mega  e=electron charge, V=Volt, 

mec2  =0.511MeV 
(EM mass!)

mNc2  =0.940GeV
(QCD mass)
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First Summary:
In 1973 Frankfurt School predicts that 

local (charged)quantum 
vacuum structure  change OK

This QM vacuum feature contradicts the 
classical paradigm of  Einstein's Aether 

which can only  change globally
local vacuum change adoptd to explain quark 

confinement as of about a year later

Strong Field=strong force=strong acceleration 
instability  of ground  state of QED expected 
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Critical Fields=Critical Acceleration
with

Radiation Reaction
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Critical Fields=
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Critical Acceleration in RHIc– 
Another Frankfurt School idea?

 CERN, LHC predictions 
meet, June 2007
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e+

e-

A new path to probing space time 

The new idea is to collide kJ pulses with themselves or with 
particles, with light intense enough to crack the vacuum 

π+

π+

π+
Pulsed 
Laser

Pulsed 
Laser

Pair  e+e- 
production 

On the way 
we can 
study 
nonlinear 
QED

EM fields 
polarize 
quarks in 
QCD 
vacuum

Should we be able to focus of 
5kJ to 10% atom size we reach 
energy density of QGP. 
Macroscopic  domain of early 
Universe

…and if we get that 
energy into proton 
sized volume the Higgs 
vacuum will melt
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Strong Field Unsolved Problem 
Radiation-Acceleration-Reaction

Conventional Lorentz-Electromagnetic force is incomplete: accelerated 
charged particles can radiate: “radiation friction” instability – some 
acceleration produces friction slowdown, produces more slowdown etc. 
Need acceleration that is not negligible to explore the physics of radiation 
friction. Problem known for 115 years. 

 Microscopic justification in current theory (LAD)
1) Inertial Force = Lorentz-force with friction- > get world line of particles=source of fields
2) Source of Fields = Maxwell fields - > get fields, and omit radiated fields
3) Fields fix Lorentz force with friction -> go to 1.
   
So long as the radiated fields are small,  we can modify the Lorentz Force to 
account for radiated field back reaction. The “Lorentz-Abraham-Dirac (LAD)”  patch 
is fundamentally inconsistent, and does not follow from an action principle. Many 
other patches exist, some modifying inertia, others field part of Lorentz force - it 
introduces a nonlinear and partially nonlocal Lorentz-type force. No action No action 
principle is knownprinciple is known
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Pulse-particle collision
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Pulse Lorentz Transform (LT)
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2nd  Summary
To resolve  inconsistencies: we need to formulate a NEW 

“large accelaration” theory of electro-magnetism, comprising 
Mach’s principle, and challenging understanding of inertia.

THEORY Question: How to achieve that charged particles when 
accelerated  radiate in self-consistent field – and we need EM theory 
with Mach principle accounted for (gravity, quantum physics=zero 
acceleration theories)! 

EXPERIMENT: strong acceleration required. What is strong: unit 
acceleration=Heisenberg-Schwinger Field 

 
Is there a limit to how fast we can accelerate electrons to ultra high 

energy? Example of early Model: Born-Infeld electromagnetism 
(Frankfurt fame)

Can the empty space remain transparent to a plane wave of arbitrary 
intensity? And why? Perfect wave and perfect translational 
symmetry required.



JR_for_jr 15.12.2016

EXTRA SLIDES
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Do we live in False vacuum? 

Dark Energy: (unlike dark 
matter) a property of the 
vacuum indicating we are 
not in ground state in the 
Universe (could be the case 
near to matter).
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We do. 
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Normal,

The  vacuum and  
symmetry breaking

0H =
H

U

0H ≠

“Higgs” and 

H

U

Fluctuations

U

H

False Vacuum

Vacuum energy

Release in 
vacuum 
decay
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How was matter created?

      After the  Big-Bang the 
“vacuum” was different till 
about at 30 µs – expansion 
cooled the temperature T to 
a value at which vacuum 
changed and our matter 
“froze  out”. At that time 
the density of matter was 
about ~1016 gm / cm3 
(energy density ~ 10 GeV / 
fm3, well above that of the 
center of neutron stars, 
that is ~60 times nuclear 
energy density), and 
temperature was T ~ 160 
MeV, that is ~ 2x1012K.

Matter emerges 
from quark-gluon 
 plasma
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Old tools: Visible from space
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Strangeness Signature of QGP 



12/15/16

ELI will comprise 4 branches: 

•  Attosecond Laser Science, which will capitalize on new regimes of 
time resolution (ELI-ALPS, Szeged, HU)

•  High-Energy Beam Facility, responsible for development and 
application of ultra-short pulses of high-energy particles and 
radiation stemming from relativistic and later ultrarelativistc 
interaction (ELI-Beamlines, Prague, CZ)

•  Nuclear Physics Facility with ultra-intense lasers and brilliant 
gamma beams (up to 19 MeV) enabling also brilliant neutron beam 
generation with a largely controlled variety of energies (ELI-NP, 
Magurele, RO) 

•  Ultra-High-Field Science centred on direct physics of the 
unprecedented laser field strength (ELI 4, to be decided)

New science, unique research
 opportunitites

?
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 High-Energy Beam Facility, responsible for development and application of ultra-short pulses of 
high-energy particles and radiation stemming from relativistic and later ultrarelativistc interaction 
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Moving foil-electron cloud:
Coherent backscattering
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