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The great sociologist Ferdinand Toennies (Fig. 1), whose 170th birthday falls in
2025, would be very happy and proud to be here with us to celebrate the 95th birthday of
his equally famous grandson. For Peter, indeed, the conception of science as a noble art
form, as was the firm belief of his grandfather, then in antithesis to Nietzsche, has always
been a rule of life and of his teaching. When I contemplate the Hugo helium spectrometer,
I admire art in its design and in the questions to which answers are sought, in its
construction, in its operation, in its results and in the new questions they pose to the
theoretical interpreter.

Am 26. Juli 2005 jahrt sich der Geburtstag von
Ferdinand Ténnies zum 150. Mal

"Das antagonistische Verhiltnis zwischen Kunst und Wissenschaft, dessen grundlegende Linien zuvor von
Schopenhauer skizziert wurden, bleibt das Thema von Nietzsches duBerst vielfiltisem Philosophieren; es
schwankt ebenfalls zwischen Kunst und Wissenschaft, da es ihm nicht gelingt, seine Neigungen fiir die eine
und dic andere so zu entwickceln, dass sic sich vercinen, sodass die Wissenschaft fiir ihn Kunst wird, ohne
ihren Charakter als Wissenschaft aufzugeben, und damit jene Hohen der Philosophie zu bestimmen, die
Nietzsche nicht erreicht hat.”

Ferdinand Tonnies, Der Nietzsche-Kultus. Iiine Kritik (Leipziger Verlag Reisland 1897)

The antagonistic relationship between art and science, the [undamental lines of which were previously outlined
by Schopenhauer, remains the subject of Nietzsche's extremely diverse philosophy; it also oscillates between art
and science, as he fails to develop his inclinations for both in such a way that they can unite, so that science
becomes art for him, without giving up its character as science, thereby determining those heights of
philosophy that Nietzsche did not reach.

Fig. 1

I’'m glad to be here with so many of his former students. In this respect, I always
considered myself his student, although our first meeting 52 years ago, curiously enough,
took place with roles reversed. The Enrico Fermi International School of Physics in
Varenna on Lake Como (Fig. 2) was the first invitation for me, a very young professor,
to give three lectures on the theory of helium scattering from surface phonons, while
Peter, who had just become director at MPI-SF, was there as a student! I wanted to show
that I was doing very difficult things, where surface dynamics with the Green’s function
method was combined with the inelastic atom scattering theory worked out by Cabrera,
Celli and Manson. My lectures made the whole audience straighten their hair, including
the horrified Fermi bust. “Terrible theoretician!” said Peter (Fig. 3), but a few years later,



after having put together the first high-resolution He atom scattering machine, , called me
in Gottingen in 1980. In this way we began our beautiful and still vibrant collaboration.

Varenna 1973 : Nice to meet you, Professor Toennies!
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Peter’s machine was substantially outperforming in resolution those operating in Genoa
(Boato and Valbusa groups), Noordwijk (Feuerbacher, Willis), Bell Labs (Mark Cardillo
(Fig. 4)), and IBM Zurich (Rieder), and competing in the measurement of surface phonon
dispersion curves with EELS (Harald Ibach and George Comsa in Jiilich), though in a
complementary way.
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Fig. 6: Der Fliegende Hollénder vs,.Die Walkiire

Shortly afterwards, in 1981, Ugo Valbusa and I organised a course on the dynamics of
gas-surface interaction at the Majorana Centre, in the beautiful setting of Erice, Sicily
(Figs. 4,5), where we took stock of the new surface phonon spectroscopy by atom
scattering. While atoms transmit energy to vibrations through surface charge density
oscillations, juggling Scylla, Charybdis and supernovae, EELS electrons do not see the



surface charge density oscillations and directly observe the vibrations of the underlying
atoms (Fig. 6). Two different philosophies, two different anthems: in a cartoon I imagined
Peter, Guido and Bruce singing Der Fliegende Hollédnder, while Harald and his coworkers
preferred Die Walkiire. But Helium atom scattering (HAS) was indeed far reaching.
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I had the good change to attend in Gottingen the 90 birthday party of Friedrich
Hund, and couldn't help but ask him a question he's been asked many times: what are his
three rules for getting to his age in such good shape? The answer was immediate: do
things with maximum spin; consider the stream of the most momentous ones, but go in
the opposite direction! This was often Peter’s philosophy: explore new territories, where
no one has ventured. Examples where Peter involved me are the superfluidity of He 4
clusters, or the geyser effect in the expansion of solid helium, to the point of providing
the only experimental evidence of the vacancy superfluidity mechanism for the supersolid
state predicted by Andreev and Lifshitz.

Another example where Peter and Bruce did something that no one else had dared
to do is when they ordered a non-alcoholic beer in the Muchen Hofbrauhaus (Fig. 7)



A few years later, this progress (I mean HAS) started being internationally recognized. In
1992 Gerhard Ertl, Harald Ibach, J. Peter Toennies received in Prag the EPS-CMD Prize
for pioneering studies of surface structures, dynamics and reactions through the
development of novel experimental methods.
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Peter and I received the Max Planck Prize from the German government's research
minister (Fig. 8). We travelled by train from Goéttingen to Bonn, leaving early in the
morning. Although Hand Bethe had stated that for the theoretical physicist the sunrise is
not a physical observable, Peter again wanted to disprove Bethe's theorem, sleeping
soundly on the train the whole way, while the theoretical physicist in charge contemplated
the sunrise from the window (Fig. 9) Actually, when the ticket collector woke Peter up
with a peremptory “Fahrkarte, bitte!” it was already 9 p.m....

Fig. 10.

Our surface dynamics community celebrated these advances and first recognitions
with a workshop supported by EPS, held at the famous Alcuin College in York in 1983.
In the official photograph of participants (Fig. 10) both the experimentalists Peter and
Harald look very serious in York, despite having just shared the 1992 EPS-CMD Prize,
while the theoreticians Dick and Giorgio (the clear and the terrible) look very happy:
much has been understood, but new mysteries and puzzles are emerging from the
spectrometers, paving the way to further progress.

A few years later, Giacinto Scoles and Peter Toennies will be awarded the 2006
Benjamin Franklin Medal in Physics. It is interesting that both Giacinto and Harald were
often competing with Peter on different questions (definitely more than Peter was
competing with them!), and nevertheless they shared the Franklin and the EPS-CMD
Prizes, respectively! Actually, the competition was the salt which triggered the progress.



I ComiveEN,

itecaction)

Fig. 11

One issue that fueled a long discussion between Harald Ibach and Peter (but also with the
theoretical group in Modena led by the late Bibi Bortolani (Fig. 11) was that in conducting
surfaces atoms transmit energy to phonons via electron-phonon interaction, since helium
atoms are repelled by the surface charge density. For this reason, inelastic HAS provides
not only information on electron-phonon interaction, but also on collective electronic
excitations in the THz region, i.e. surface acoustic plasmons and hole-electron
excitations.

COOKING PHOMNOMS
. T _ WO T00 SOFT PLERSE
AL @9 PUDNENS HUST Be “AL DEWTE® |
-g u’-)u 3
o

E SPUCE

Y UDOCHARG

g &

T Lufthausa
— 7 wtne

Fig. 12



The last fifteen years of HAS have been marked by this progress. At the end of the story
Bibi was very happy that the new electron-phonon theory of HAS could account for the
giant Kohn anomalies of hydrogen-covered W(110) and Mo(110), although always
recommending that the spaghetti diagrams should always be cooked “al dente” (Fig. 12).
Not sure that Harald digested the giant Kohn anomalies “al dente” for the simple reason
that their hole-electron excitation nature made them not observable by EELS. More or
less like the sunrise to Peter.

The restless evolution of HAS spectroscopy frustrated the original intention to
write a review article, in order to fulfil the invitation by Charly Duke, at the time Editor-
in-Chief of Surface Science Report. On August 13, 1998, Peter, in a postcard from Prince
Edward Island (Fig. 13), was enquiring about “any progress on the review?”
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Fig. 13

Finally, the “big review”, as it was called, became a book, slowly growing as a
multilayer structure, edition by edition (Fig.14), up to the final one, the 45", just twenty
years after the review article that Peter was asking about. In 2018 the “Bible” was finally
published by Springer: about 650 pages under the title “Atomic Scale Dynamics at
Surfaces™! The title, invented by Angela Lahee, made us very happy (Fig. 15).

In the meantime, the multilayered stacks on the drawers in Peter's study,
resembling the New York skyline, have given way to digitized versions (Fig. 16). Those
mountains of data and results have become the subject of data mining, since much of the
information, that was once irrelevant and routine, has now become of great interest for



the possible derivation of the electron-phonon interaction for a wide variety of surfaces,
on the basis of the recent theoretical work with Dick Manson and Salvador Miret-Artes.
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It seems that after half a century of such a wonderful and productive collaboration, Enrico
Fermi has finally forgiven the terrible theoretician and agreed with the Italian Physical
Society that the 2022 Enrico Fermi Prize be awarded to Peter and Giorgio (Fig. 17).
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Thank you very much, Peter, for the beautiful art of science that I, and certainly all of us
here, have learnt from you, for having opened to all of us, during several years of intense
collaboration, marvellous landscapes over “the best of all possible works”, for having
realized your grandfather’s dream of making science an art masterpiece.

Fig. 19. Bad Honnef 2011, Vitaly, Andrey, etc.



