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FIAS International Symposion on Discoveries of Science.
Summary Talk.
Amand Faessler,
Institute of Theoretical Physics,
University of Tuebingen, Germany.
1. From Neuenbau to Frankfurt.
Walter Greiner is born in Neuenbau near Sonnenberg in the Thueringer Wald on
October 29th. 1935. Neuenbau is a small village of about 200 inhabitants. When
Walter was born it was almost in the center of Germany. After the war in 1945
Neuenbau was situated in Communist East-Germany, the DDR, only about 2 km
to the border to West-Germany in the restricted area, which one could only visit
with special permission. The parents of Walter, the father shoemaker, realized,
that Neuenbau could not provide an adequate education to the gifted young boy.
In 1947 they did send Walter to the grandparents near Frankfurt/Main. Finally the
total family moved into the area of Frankfurt. In the chemical company, Farbwerke
Hoechst, Walter made an apprenticeship as metalworker. He obtained the Abitur,
which in Germany is needed for the admission to the University, in the AbendGymnasium. There he met also his later wife Baerbel Chun. After the Abitur
Walter studied Physics at the Universities of Frankfurt and the Technical University
of Darmstadt. In Darmstadt he obtained in 1960 with Prof. Scherzer the Diploma
degree with work on Plasma physics for fusion reactors. In Darmstadt he met also
Prof. Hans Marschall from the University of Freiburg, who had an offer to move to
Darmstadt. He asked him, if he could do his Ph. D. with him and get an ”Assistent”
position. When Hans Marschall decided to stay in Freiburg, he offered him to join
him in Freiburg for his doctoral degree.
2. Ph. D. in Freiburg and the Rotational-Vibrational Model for
Nuclei.
I met Walter, when he came to Freiburg to Hans Marschall (1913 - 1986) in May
1960. In summer after he obtained the position as ”Assistent” and had the feeling,
that he could support a family, he married Baerbel Chun from Frankfurt-Hoechst.
Baerbel and Walter have two sons: Martin Greiner, born 1963, is Prof. at the Uni1
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Fig. 1.

Photo Walter Greiner.

versity of Aahus in the Engineering Department. He has three daughters. Carsten
Greiner, born 1964, is Professor of Theoretical Physics at the University of Frankfurt. He has two sons.
Walter started his doctoral thesis on polarization of Lead 208 by a bound muon. In
Lead the nuclear radius is about 7 fm and the Bohr radius of the µ− is 3 fm. The
muon moves inside the nucleus and tries to suck protons within its Bohr radius. For
the nucleus he used the Steinwedel-Jensen model developed for the giant dipole resonances with a proton and neutron liquid. The relativistic 1s muonic wave function
in Lead 208 he could take from the literature.
The shift of the 1s muonic level in Lead 208 turned out to be less than 1 keV,
which was at that time below the resolution for x-rays detection at the relevant
energies. After Walter had finished the analytic formulation of the problem, he asked
me to program the numerical calculations on the ”ZUSE” with only 16 electronic
storages and 8192 storage places on a drum. After Walter finished his Ph. D.
2
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Fig. 2. Change of the proton density in Lead 208 due to polarization by an 1s muon. Proton
density with the polarization minus the proton density without it. The solid line includes, while
the dashed lines neglects the increased repulsion between the protons due to the increased density
induced by the polarization inside the 1s muonic Bohr radius.

[1], he gave me for the numerical calculations a copy of the book ”Introduction into
Quantum Field Theory” by F. Mandl. Later on Walter himself wrote several popular
books for Quantum Field Theory. But I know he learned this field from ”Mandl”,
as I also did. I still can recommend this book for beginners in the field. It is with
around 180 pages quite short and explains everything easy to understand. After
Walter finished his Ph. D. and I my Diploma degree with work on the Sternheimer
effect, we started to work together on improvements of the Bohr-Mottelson model
and moved from the old quite narrow physics building into the ”Neubau” only
about 100 meters away in the Hermann-Herder-Strasse 3. Walter and I moved in
the seventh floor into the same room with a view directly to the gate of the largest
prison of the State of Baden-Wuerttemberg. From the seventh floor we had a nice
3
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view into the prison yard, where the prisoners played each day soccer, in German
Fussball. When Walter wanted a rest, he watched often the football game.
Around 1960 was a very important time for Nuclear Physics: In 1959 van der Graff
had published the paper on the Tandem accelerator principle. He had not only the
idea for the Tandems, but also the company ”National Electrostatic Corporation”
not far from MIT. The big advantage of the Tandems over the cyclotrons was the
much better energy resolution. The cyclotron could for higher energy excitation not
resolve single states. With the Tandems one could now study new physics at higher
excitation energies. One class of such states were higher spin rotational states for
deformed nuclei described by the Bohr-Mottelson model. The approximate solution
of the Bohr-Mottelson model used at that time to describe the high spin states in
deformed nuclei mainly in the rare earth region showed several deficits.
The E2 branching ratio B(E2, 2+ γ → 2+ ground)/B(E2, 2+ γ → 0+ ground) in the
simple version of the Bohr-Mottelson model is a constant and given by the Alaga
rule, the square of the ratio of two Clebsch-Gordan coefficients shown in figure 3.
Walter Greiner and I took into account the changes of the moment of inertia of
the deformed rotational nuclei due to the β and γ vibrations [2]. The improvement
relative to the experiment was tremendous (see figures 3, 4 and reference [2]).

In spring 1962 Walter and I went to our first conference to the meeting of the
German Physical Society in Bad Pyrmont about 50 km north of Goettingen. Walter
spoke about our results of the rotational vibrational (RotVib) model and I on the
results of my Diploma thesis on the Sternheimer effect. (Screening of the nuclear
quadrupole moment by the inner electrons for the valence electron, a correction for
the determination of the nuclear quadrupole moment by electron spectra.) There
we met also Max Born (1882-1970), who returned after the war from Edinburgh
to Germany for retirement in Bad Pyrmont. At that time we did not know, that
Walter will receive the Max Born price in 1974 and I in 1984 from the Institute
of Physics, the Physical Society of the United Kingdom. We also did not know,
that we are in the scientific genealogy the grand-grand sons of Max Born. Siegfried
Fluegge had done his Ph. D. with Max Born and Hans Marschall with Siegfried
Fluegge and Walter and I both with Hans Marschall. We also did not know, that
our scientific genealogy Ph. D. by Ph. D. goes back to Leibniz, (1646-1716) the
inventor of differential and integral calculus with the nomenclature, which we still
use today.
The same improvement as in figure 3 is found by the inclusion of the rotational vibrational interaction for the branching ratio of the reduced electric quadrupole transitions of rare earth and transuranic nuclei: B(E2, 3+ γ → 4+ ground)/B(E2, 3+ γ →
2+ ground) (see figure 4 and reference [2]).

4
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Fig. 3. Branching ratio of the reduced electric quadrupole transitions of rare earth and transuranic
nuclei: B(E2, 2+ γ → 2+ ground)/B(E2, 2+ γ → 0+ ground). The solid and short dashed lines
are different approaches to fit the three parameters: (1) moment of inertia, (2) β− and (3) γ−
vibrational energies of the RotVib model for each nucleus.

3. Walter in Maryland and in Tallahassee/Florida
In fall 1962 Walter went till 1964 to the States as Assistant Professor at the University of Maryland near Washington to work with Mike Danos from the National
Bureau of Standards. Mike Danos a former student of Hans Jensen, still in Hannover before Jensen moved to Heidelberg, was for about half a year visiting Hans
Marschall in Freiburg, where Walter got to know him. In Maryland Walter worked
with Mike Danos on Giant Resonances. Specifically they included the coupling of
the Giant Dipole resonance to the quadrupole vibrations of the RotVib model. Figure 5 shows the experimental giant resonance region of 165 Ho and the calculation of
Ligenza, Danos and Greiner [3]. For the Giant dipole resonance the lowest excitation
is due to a0 (isovector vibrations along the symmetry axis) and the a2 (asymmet5
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Fig. 4. Branching ratio of the reduced electric quadrupole transitions of rare earth and transuranic
nuclei: B(E2, 3+ γ → 4+ ground)/B(E2, 3+ γ → 2+ ground). For more explanations see figure 3.

ric isovector γ-vibrations) is higher in energy and twice as strong. The excitation
around 25 MeV is the giant quadrupole resonance, the lowest maximum corresponds
to the a0 degree, the second lowest to the a1 and a−1 excitations. It splits due to
the coupling to the low lying RotVib excitations. The highest energy is due to the
quadrupole excitations a2 and a−2 . The detection of the Giant Quadrupole resonance is today attributed to the work of Thomas Walcher and coworkers in 1974
by electron scattering in Darmstadt. But looking back the investigation of Ligenza,
Danos and Greiner has probably seen this resonance already eight years earlier in
1966, although at that time they could not convince the community, that they have
seen the Giant Quadrupole resonance.
As mentioned already above the better energy resolution of the Tandems allowed
to study high spin states in deformed nuclei. The first Tandem was delivered to
Chalk River in Canada. At that time one of the hot spots for Nuclear Physics.
6
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Fig. 5. Giant Dipole and also possibly Giant Quadrupole resonance in
discussion see text.

165 Ho

[3]. For a detailed

The second Tandem went to Yale University in New Haven with Alan Bromley,
original from Canada, as the leading figure. The third Tandem was located in Tallahassee/Florida. The Heidelberg Tandem was number seven. In Tallahassee one
studied with the Tandem the newly detected Isobaric Analogue States (experiments:
J. D. Fox, Fred Moore; theory: Donald Robson) and the high spin rotational states
(Ray Sheline). Ray Sheline was a Nuclear Chemist, who was already active in the
Manhatten Project. He came back to Tallahassee from a longer stay in the Niels
Bohr Institute in Copenhagen and was familiar with the Bohr-Mottelson model.
He had learned about our work on the RotVib model [2], although till then we had
only published in German language in Zeitschrift fuer Physik. With the Tandem in
Tallahassee and a magnet spectrometer and a ”detector” based on a photo-film in
the focus of the spectrometer and girls scrutinizing these films, he measured with
reactions like (p,d) or (d,p) high spin states mainly in the rare earth region. He had
7
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also the gift to copy from slides, which were shown at Gordon Research conferences,
in the dark very fast the newest data on high spin states. So Ray had at that time
the most complete information on high spin data, partially his own and partially
from other groups.
For the summer 1963 Ray invited Walter from Maryland down to Tallahas-

Fig. 6. Experimental energies, RotVib model, Davydov model, AI(I +1) and AI(I +1)−BI 2 (I +
1)2 for 186 Os, 188 Os and 190 Os transitional nuclei at the end of the rare earth region. [4].

see/Florida. Since both Walter and Ray were not familiar with numerical calculations on computers, Ray invited me also to Tallahassee. Walter and Ray had no
idea about the computer available at Tallahassee and thus they did also not bother
to inform me in advance about the computer facility at Florida State University.
When I arrived on a Friday evening I realized, that my internal machine code for
the ”Siemens 2002” running in Freiburg was useless for Tallahassee. They had the
8
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Fig. 7. Note of the secretary of Peter Brix, at that time in Darmstadt, about a phone call of
Walter Greiner on February 22nd. 1966 inviting (ordering) Brix the next day at 18:30 h into his
office in Frankfurt for a discussion of plans for a lab for heavy ion physics, the future GSI. (This
note was shown in the talk of Rudolf Bock about the foundation of the GSI.)

fastest and best computer IBM-709 available at that time, still running with tubes.
The code was FORTRAN, totally unknown to me at that time. So I picked up just
after arrival on Friday evening from the local library a book to learn FORTRAN and
I translated statement by statement my code into FORTRAN. I worked through till
Monday morning. When Walter and Ray came into the Institute at the beginning
of the week, the program was running with FORTRAN on the IBM-709. We could
start explaining the data of Ray Sheline. The model had for each nucleus three
parameters: (1) the moment of inertia, (2) the beta and (3) the gamma vibrational
energies, which had to be fitted in each nucleus. We concentrated first on the transitional region Osmium, where the usual approximate solution of the Bohr-Mottelson
model showed the largest discrepancy with the data [4] (see figure 6). The publica9
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tion [4] was the first for the RotVib model in English language and in the most read
and popular journal Physical Review. Walter and I received after that many offers
for positions. I do not know how many Walter received. One offer to him was the
full Professorship from Frankfurt, which he accepted in 1965. I received 6 offers: I
made the error to accept the first offer, which was only an Assistant Professorship
at UCLA. The others were Associate and Full Professorships. After one year at
UCLA I accepted the offer for a Full Professorship at the University of Muenster
in Germany in 1967. At that time one was still appointed in Germany as Director
of the Institute of Theoretical Physics. In 1971 I was appointed as Director at the
”Institut fuer Kernphysik” in the KFA Juelich and Professor at the University of
Bonn. In 1980, when I moved to the University of Tuebingen, I was appointed only
as Professor. So according to the titles I moved always downwards.

4. Walter acceptes the offer for a Full Professorship in Frankfurt.
As soon as Walter was in Frankfurt in summer 1965 he started to push for a center
for heavy ion physics with the corresponding accelerator and access of neighbouring
Universities to this lab, called later on ”Gesellschaft fuer Schwerionenforschung”
(GSI). Rudolf Bock, one of the founding fathers of the GSI, schowed in his talk a
note of the secretary of Prof. Peter Brix (1918 - 2007), Darmstadt, from February
22nd.1966 at 17:44 h about a phone call of Walter Greiner, in which Walter asked,
that Peter Brix should come the next day at 18:30 h into his office in Frankfurt
to speak about the plans for the GSI. Walter was at that time 30 years old and
only since half a year Professor in Frankfurt and Peter Brix was one of the leading
nuclear physicists in Germany (See figure 7 ).

5. The positron lines.
A very exciting time in Frankfurt and in the whole nuclear physics community at
the beginning of the seventies was the prediction of the positron lines in supercritical heavy ion collisions by Walter and coworkers [5]. The relativistic binding energy
of an electron in a pointlike Coulomb field with the charge Z is:
E1s = me c2 [1 − (Z/137)2 ]1/2

(1)

If the charge gets larger than Z = 137 this binding energy is imaginary. What
does this mean: The electron orbit dives down into the lower Dirac sea and, if
10
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ionized, this corresponds to a positron, which can escape. Since one knows no superheavy nuclei with a charge larger than Z=137 Greiner, Mueller and Rafelski [5]
proposed to produce such a large charge in heavy ion collisions e. g. in Lead on
Lead Zunited = 82 + 82 = 164. During the touching configuration the energy of
the positron is fixed and it can escape. This is the heavily discussed and searched
positron line.
The main experimental groups searching for these lines were the ones of Paul
Kienle (TU Muenchen) [6], of Dirk Schwalm (MPI Heidelberg) and Jack Greenberg
(Yale University) [7] and of E. Kankeleit (TU Darmstadt) [8]. Since the electron
orbit forming the positron had to be ionized all groups finally tried to enlarge the
sensitivity by requesting an electron-positron coincidence. By different cuts through
the electron-positron spectrum one could produce positron lines. But the energies
varied from experiment to experiment and even by varying the cuts. This gave
finally the ”coup de grace” to the positron lines in supercritical heavy ion collisions.
Paul Kienle insisted up to his death, that his data are correct and he did no masaging of the spectra.

6. The different phases of Nuclear Matter and the Description of
Heavy Ion Reactions.
Walter was already in the sixties interested in the different phases of nuclear matter
and its Equation of State (EoS). He realized, that one needs for the extraction of
the different phases of nuclear matter and its EoS a reliable description of heavy ion
collisions. Three different descriptions of heavy ion collisons were pushed forward
in Frankfurt and related groups:
• Hydrodynamics. (Hydro; Talks of M. Gyulassy, Barbara Jacak and Uli
Heinz)
• Quantum Molecular Dynamics ( QMD; Talks of Hatnack and Aichelin).
The relativistic version was pioniered by Sorge. This approach was used
by Aichelin and coworkers, by the Tuebingen group and by Herman Wolter
and Fuchs in Muenchen.
• Boltzmann-Uehling-Uhlenbeck (BUU): used in Frankfurt and in Giessen by
the Mosel group.
At the beginning Boltzmann-Uehling-Uhlenbeck (BUU) had a head start due to to
his long use and justification in solid state Physics and in gas dynamics. QMD was
second and Hydro had first a bad reputation, since it required local equilibrium and
one doubted, that this could be achieved in a few collisions. But soon it turned out,
that at lower heavy ion (HI) collision energies all three approaches yielded the same
or at least very similar results. Even Time Dependent Hartree-Fock (TDHF) was
very similar to the Vlasov approach (BUU without the collision term) and QMD
11
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omitting collisions. In general BUU and QMD yield very similar results. But as a
surprise the data from RHIC (Relativistic Heavy Ion Collider at Brookhaven) could
be best described by Hydro. Why is the hydrodynamic so good at high energies?
I hoped to learn this at this symposion from the talk of Barbara Jacak and Uli
Heinz. But both showed only, that Hydro describes the high energy data very well,
but not why. Why is hydrodynamics working so well, perhaps even without a local
equilibrium? At this point most practitioners adopt the ”medical principle”: What
helps is correct, even if we do not understand why.
Uli Heinz showed in his talk hydrodynamic results, which agree with the data on
high energy central collisions for proton-proton at 13 TeV, for proton-lead at 5.02
TeV anf for lead-lead at 5.02 TeV (see figure 10). Zabrodin gave in his talk a
hint,why Hydro works so well: He investigated as a function of time in UrQMD
(Ultrarelativistic QMD) and in QGSM (Quark-Gluon-String Model) for different
energies at RHIC the three pressures: Total pressure, the corresponding pressure in
beam direction 3 ∗ Pz and perpendicular to beam direction 3 ∗ Px . An equilibrium
P = 3 ∗ Pz = 3 ∗ Px is already reached after 7f m/c = 2 ∗ 10−23 sec. The total
reaction time is about 30f m/c. Steffen Bass presented in his talk a very interesting
approach: He fitted with his collaboration with Hydro and for fragmentation with
Ultrarelativistic-QMD the hydro parameters to a set of sample data and then used
these parameters to describe other HI reactions for Lead on Lead at 2.76 TeV and
at 5.02 TeV. Cernay from Bergen presented a nice variant of Hydro: Particles in
Cell Relativistic = PICR. Hydro describes the motion and distortion of the cell and
the particles in the cell are dragged along. A. Murungo from Cape Town showed,
that Hydro can not only be used for HI collisions, but that it can also describe
astrophysical processes.
Gorenstein studied in his talk the Hagedorn limiting temperature with and without
strings. The Hagedorn limiting temperature arises, because it is cheaper to produce more and more particle due to the exponentially increasing spectral density,
then to increase the temperature. With strings he finds a limiting temperature of
about 120 MeV and without strings the limiting temprature is increasing to about
180 MeV without showing a saturation. He extracts an experimental limiting temperature from different reactions p + p, p + p̄, K + + p, π + + p, e+ + e− around
170 + 40 − 20 M eV .
Marc Strikman, Penn. State University, spoke about the difference of color fluctuations in vacuum and in nuclear Matter. Marc got famous by the theoretical
prediction of color transparency. At higher energies the wave length of the projectile is getting shorter and shorter. For larger objects the positive and negative
contributions interfer to zero. Only for small objects the interaction is still strong.
Since all the objects have a minimal size interaction interfers to zero for high energy
projectils with with smaller and smaller wave length. This is the color transparency.

12
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Color fluctuations singles out different size objects of a wave function.
|N ucleon in vacuum > = |r, b, y >R,3q + |r, b, y, gluon >R,3q+gluon +

(2)

|r, b, y, meson >R,3q+meson +...

|N ucleon in N uclear M atter = |N M > = |r, b, y >R1,N M +

(3)

|r, b, y, gluon >R2,N M + |r, b, y, meson >R3,N M +...
The different components of the nucleon wave function are admixtures with three
colored quarks red, blue and yellow without an additional admixture, a part with
admixtures of gluons and one with admixtures of mesons (see eqn. 3). The different
components of a nucleon wave functions represent probabilities and the changing
results due to these probabilities, if measured, constitute the color fluctuations.
These fluctuations change, if the nucleon is in nuclear matter (inside a nucleus).
The different objects are larger in nuclear matter and thus the color fluctuation is
changing relative to a single nucleon (see eqn. 4). This was the topic of the talk of
Marc Strikman.
Walter was also always interested to extend the Nuclear EoS beyond density
and temperature, he wanted to include also as an additional degree of freedom
Strangeness. (See figures 11 and 12 and reference [9] .)

7. Shock Waves and Density Isomers.
In the second half of the seventies Walter Greiner and his collaborators [10] were
interested in density isomers produced for example by pion condensation, Kaon
condensation or Delta Matter. The idea was to compress nuclei by Shock Waves.
Figure 13 shows the principle of a Mach-Shock in the collision of two nuclei. Figure
14 presents the data of the search the Mach-Shock by the experimental group of
Schopper and Stock. With increasing energy the Schock maximum moves to smaller
angles defined in figures 13 and 14. A density isomer shows up as a pocket in the
binding energy per particle in nuclear matter as a function of increasing density.
This produces an anomly for the shock angle: It shows an increase with higher
energy. No such anomaly and thus no density isomer was found.
8. New Results from ALICE at LHC.
Peter Braun-Munzinger figure 15 and Johanna Stachel figure 16 showed new results
from the ALICE detector at LHC/CERN. It is surprising how well the relative
abundance of the different particles can be described by the simple grand canonical
13
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statistical model exp[−M/T ] with the temperature 156 MeV (see figure 15). Johanna Stachel showed the ALICE result for the D-meson D(c, q̄), mD = 1.869GeV
production in Pb+Pb at 2.76 TeV.
σ(AA, D, mD = 1.869 GeV )/[σ(pp, D) ∗ NCollisions ]

(4)

Joerg Aichelin explained in his talk the probability for the D-meson production as a
function of its transversal momentum with pertubative QCD with known coupling
constants and infra-red regulators. The reduction at low pT is due to shadowing in
central collisions, while it is obvious, that the probability for D-meson production
at high pT must decrease.
9. Superheavy Nuclei.
The production and investigation of superheavy nuclei was for Walter one of his
favorate topics since the sixties. He and his coworkers collaborated closely with the
experimental superheavy group around Sigurd Hofmann predicting cross sections
and optimal projetil target combinations. Recently he was also closely connected
with the Dubna group for the production of superheavy nuclei [11].
At this Symposion we had talks by Sigurd Hofmann/GSI and by M. Itkis, the head
of the Heavy Ion Physics laboratory in Dubna, on superheavies.
The present status of the superheavy field is:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

104
105
106
107
108
109
110
111
112
113
114
115
116
117
118

Rutherfordiun, Rf (Berkeley).
Dubnium, Db (Dubna).
Seaborgium, Sg (Berkeley).
Bohrium, Bh (Darmstadt).
Hassium, Hs (Darmstadt).
Meitnerium, Mt (Darmstadt).
Darmstadtium, Ds (Darmstadt).
Roentgenium, Rg (Darmstadt).
Copernicium, Cn (Darmstadt).
Nihonium, Nh (RIKEN, Japan)
Flerovium, Fl (Dubna).
Moscovium, Mc (Dubna).
Livermorium, Lv (Dubna).
Tennessine, Ts (Dubna).
Oganesson, Og (Dubna).

Dubna has good chances to establish element 119:
48

Ca +

254

Es →

299

119 + 3n (σ = 0.3 pb)

They identified already a decay chain of five alpha particles.

14
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Itkis told us, that Dubna, under the leadership of the Flerov laboratory, has erected
a special building with a DC-280 cyclotron and a new gas-filled recoil separator for
superheavy ion research. The first experiments are planed for 2018. Dubna welcomes collaborations.
Fission is the biggest enemy for the detection of superheavy elements. Randrup
presented in his talk a novel approach to calculate the mass and the charge distribution of the fission fragments. He parametrizes the shape of the fissioning nucleus
in the way of Ray Nix and calculates for each set of shape parameters the total
energy by the liquid drop model and the Strutinsky approach for the shell corrections. Then he choses a Metropolis statistical walk through the different shapes of
the nucleus to fission. The steps of the random walk are selected statistically with
the weight:
Pi

→ f

∝ exp[−(Ef − Ef )/T ]

(6)

After a larger number of random walks to fission he obtains an excellent agreement
with the experimental charge and mass distribution of the fission fragments.
P. G. Reinhard presented a very interesting method to determine the fission barrier
even with an error bar. The first step is for a known barrier height of 5.5 M eV
∗
in 266
108 Hs to calculate the barrier in parameter space of effective mass m , of symmetry energy and of pairing strength for different nucleon-nucleon forces: Gogny,
Skl3, Sly6, SkT6, SkM, SkP, BSK1, SV-bas, SV-min, UNDF2, NL-Z2, DD-PG and
DDME.
Barrierth = Barrier(m∗ /m, pairing gap, symmetry energy)

(7)

Then on determines for each force and set of parameters χ2 (see figure 18).
χ2 = [Barrierth − Barrierexp ]2

(8)

Figure 19 shows how the pairing gap (in percent of the experimental value) influences the barrier heights, if the other parameters are optimized. The same is shown
for the effective mass m∗ /m (in units of m = 1) and the symmetry energy J in
[M eV ].
Walter was not only interested in the nuclear physics of superheavy nuclei, but also
in Atomic Physics and in the Chemistry of these elements [12]. Burkhardt Fricke
told me , that the paper [12] was already in 2007 referenced 4961 times, probably
because it appeals also to Chemists. It is the most referenced publication, which I
know.

15
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10. Pseudo-Complex General Relativity and Black Holes.
Walter recent favorites were Black Holes and the ”Pseudo-Complex General Relativity (pc-GR)”, a generalisation of GR of Einstein [13] and [14]. Among others
pc-GR predicts for the yellow rim of black holes a 100 times higher intensity (see
figure 21) then GR. K. H. Kampert mentioned in his talk, that the missing suppression of the GRZ = Greisen-Zasepkin-Kuz’min effect for Cosmic Rays at about
1019 eV normally explained by the violation of Lorentz-Invariance, can be described
in pc-GR without such a Lorentz-Invariance violation.

11. Frankfurt School.
The strong Nuclear Physics activities of the group of Walter Greiner established
the expression ”Frankfurt School”. I am listing here some of the earlier Ph. D.
Students of Walter Greiner, who hold Professorships at different places:
•
•
•
•

•
•
•
•
•
•
•

1967 Christian Toepffer (Erlangen), Werner Scheid (Giessen)
1968 Ulrich Mosel (Giessen)
1970 Burkhard Fricke (Kassel), Paul-Gerhard Reinhard (Erlangen)
1973 Joachim Maruhn (Frankfurt), Berndt Mueller (Duke University and
Associate Laboratory Director at Brookhaven National Lab.), Johann
Rafelski (Tuczon)
1977 Volker Oberacker (Vanderbilt Univ.), Gerhard Soff (Dresden)
1979 Horst Stoecker (Frankfurt and GSI Darmstadt)
1980 Ulrich Heinz (Ohio State Univ.), Peter Hess (University of Mexico,Mexico), Joachim Reinhardt (Frankfurt)
1985 Andreas Schaefer (Regensburg)
1993 Dirk Rischke (Frankfurt)
1994 Juergen Schaffner-Bielich (Heidelberg)
1999 Markus Bleicher (Frankfurt)

12. Walters Textbooks and Awards.
Walter Greiner in addtion to his more than thousand journal articles published
many popular textbooks (see figure 22). Amazon offers 16 different textbooks from
Walter. Some of them had eight editions.
Walter Greiner is also one of two founders of the ”Frankfurt Institute of Advanced
Studies (FIAS)”. The five story building for physics was built mainly from private
donations, which Walter collected from different sources. The more than 100 collaborators in FIAS for physics are supported by grants from the State of Hessen,
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the Deutsche Forschungsgemeinschaft, the Bundes-Ministerium for Research and
Technology (BMFT) and other sources.
Walter has also an almost uncountable number of awards, among them 11 Honorary
Doctor Degrees. A list of the main awards:
• 1974 Max Born Prize, Institute of Physics, London, and the German Physical Society.
• 1982 Otto Hahn Prize (Frankfurt/Main, Germany).
• 1986 First Professor holding the ”Frankfurt chair” at the University of Tel
Aviv/Israel.
• 1987 Fellow of the Royal society of Arts (FRSA), London.
• 1989 Honorary Member of the Roland Eoetvoes Society of Hungary (Budapest).
• 1993 Honarary Member of the Rumanian Academy, Bucharest.
• 1998 Alexander von Humboldt Medel.
• 1999 Officier dans l’Ordre Palmes Acadmiques.
• 2001 Member of Academia Gioenia di Catania.
• 2001 Honorary Professoer, Jilin University, China.
• 2004 Fellow of Institute of Physics (FINSP), London.
• 2006 1st Degree Physical Medal, Czech Physical Society.
• 2006 Chairman of the Program Advisory Board of the Flerov Laboratory
at Dubna.
13. Radiation Therapy with Heavy Ions.
Walter always supported in committees and with his authority the development of
heavy ion radiation therapy with 12 C at GSI for tumors in the brain (see figure
23). This therapy was later realized at the ”Deutsches Krebsforschungszentrum” in
Heidelberg. When Walter himself had a tumor in the brain, he was sure, that 12 C
irradiation at Heidelberg could help him. But he lost his final battle.
14.

Was Bleibt?

What Remains?

Everyone asks himself, what remains, when I die. We ask this here specifically for
Walter Greiner.
• First: Baerbel his wife and the two sons Martin and Carsten with the five
grandchildren: three girls and two boys,
• his former students, his successful ”Schueler”,
• his popular textbooks,
• his publications,
• the momentum he gave to Nuclear Physics.

We colleagues will be always thankful to Walter
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for his inspiring personality and his scientific work.
Thank you Walter.
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Fig. 8. Positron lines in supercritical heavy ion collisions. The electron levels e. g. in a lead
on lead collision Zunited = 82 + 82 = 164 dives down into the lower Dirac sea. If the level gets
ionized during the collision, this corresponds to a positron, which can escape with definite energy
determined by the touching configuration. The united system rotates and produces a strong
magnetic field, which splits the positron line into positron-spin parallel and anti-parallel to the
magnetic field.
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The different phases of Nuclear Matter and the Equation of State (EoS).
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Fig. 10. vn from the angular distribution dN/dΦ ∝ vn cos(nφ) for central collisions p+p, for
p+Pb, and for Pb+Pb at 5.02 TeV from ATLAS, CMS and ALICE at LHC.
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Fig. 11. The different phases of nuclear matter including density, temperature and as additional
degree also strangeness [9].
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Fig. 12. Number of events with deuteron d, Λ − Λ, Σ− − Σ− and the anti-deuteron d¯ per Pb on
Pb collision at 160 GeV/n [9].
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Fig. 13. Principle of a Mach Shock in a collision of a nucleus with nuclear matter. The projectile
comes from the left and hits in the experiment photo emulsion with silver and chloride nuclei.
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Fig. 14. On the left side angular distribution in arbitrary units dσ/dθ of particles from collision
of different projectils, 16 O 2.1 GeV /n, 16 O 0.87 GeV /n and 12 C 0.25 GeV /n [10] with photo
emulsion of silver and chloride. On the right side the evaporation component is subtracted. The
Shock maximum moves to smaller angles at higher beam energies as expected from a Mach cone.
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Fig. 15. Relative abundance of elementary particles dN/dy ∗ (2J + 1) for Pb+Pb at 2.76 TeV
measured by the ALICE detector at the LHC. The theoretical results are statistical probabilities
exp[−M/T ] for the temperature 156 MeV.
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Fig. 16. D-meson D(c, q̄), mD = 1.869 GeV production in Pb+Pb at 2.76 TeV presented by
Johanna Stachel as results from ALICE.
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Fig. 17. Charge fragment distributions for the fission fragments of 226 T h, 236 U and 240 P u calculated with the method of Randrup and compared to experiment. The odd-even effects of the
level density is here not included in this figure, but Randrup showed also results including this
effect, which reproduce the fine structure of the data.
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Fig. 18. χ2 (parameter space) is approximated for each parameter m∗ /m, symmetry energy, pairing strength by a parabola. The width at χ2 + 1 gives the uncertainty of this parameter.
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Fig. 19. Variation of the fission barrier (exp = 5.5 M eV ) with variation of the parameters
pairing gap, in percent of the experimental value, the effective mass m∗ /m and the symmetry
energy J [M eV ].
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Fig. 20. Results for fission half lives with Reinhard’s method for different isotopes of Nobelium
Z = 102, Rutherfordium Z=104, Seaborgium Z=106 and Hassium Z 108 calculated with the
parameters of figure 19 for the NN forces SV-min, SV-bas compared with experiment.
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Fig. 21. Black Hole with surrounding. In pc-GR (pseudo-complex-General Relativity) the yellow
rim is 100 times more intense, than in GR (General Relativity) of Einstein. This test will be
measured soon as reported by Thomas Boller.
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Fig. 22. Walter in front of his bookshelf in the office. Practically all books in the middle shelf
are textbooks written by Walter with some coauthors.
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Heavy ion (12 C) radiation therapy for tumors in the brain as tested at the GSI.
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