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50 years with nuclear physics :

            lights, shades and jokes

renato angelo ricci

INTRODUCTION.-   First of all I would like to express my thanks for the dedication of this Varenna meeting and my deep gratitude to Ettore Gadioli and all of you. 

Second, it is very gratifying to consider that this year is also the 50th anniversary of the Enrico Fermi Summer School of the Italian Physical Society, founded in 1953, that will be celebrated next July. 

Varenna is therefore the proper site for recollecting my experience and my memories, not only as a nuclear physicist, since I have been here many times starting  from  1961  (the “Nuclear Spectroscopy”  Course, directed  by  V. Weisskopf) first as a student, then as a scientific secretary and as a director of a number of courses and as a sponsor, in my quality of President of the Italian Physical Society during 17 years.

50 years are quite a lot of time to believe that I have been (almost!) in love with Nuclear Physics. Let me counterbalance this statement by remembering that 50 years are just those of my intense common life with Claudine Abraham, my wife since then!. 

Another, also important, reason is that my retirement from the academic offices at the University (the last for more than 30 years in Padova, after Pisa, Torino, Naples and Florence) came last November, exactly after 50 years!

A long journey that I cannot summarize in a short note. But it is rewarding to have met everywhere not only colleagues but also many friends. 

With some of them I can still share a number of gratifying occasions as the present one, with some others only their memory is still with me. I say everywhere, because the various occasions to exchange my lifetime with them represents also many different places and countries. In fact, to be a physicist, as you know, means travelling a lot (even too much! and this was my case).

To have an idea a sketch of my professional itinerary is depicted in Fig. 1.
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Fig. 1

A sketch of the itinerary along my professional career

1.- A SHORT PERSONAL PRESENTATION of NUCLEAR PHYSICS 

In the 50’s just at the beginning of the Varenna School (in 54 Enrico Fermi gave here his famous lecture on “Pions and Nucleons” (1)) a definition of the atomic nucleus and its fundamental properties could be properly found in the Fermi’s book “Nuclear Physics” (2). The basic definition was (and in some sense still is):

 “All nuclei are composed of Z protons and N neutrons. The mass number A is given by A=Z+N. Examine an isotope chart….and notice that the stable elements lie along a curve starting with N/Z=1, ending with N/Z=1.6. Nuclei with common Z are called isotopes, those with common A are called isobars and those with common N, isotones”.

The shell model orbits were justified on the basis of superimposed nucleon field and of spin-orbit coupling. 

Nuclear forces are then taken into account, following the exchange mechanism, as for the electromagnetic field (QED: exchange quantum: the photon) as explained by Fermi, in the book, by a description of the nucleon-nucleon interactions via the exchange of pions. 

Today one would accept to go far beyond that simple statement. A proper definition would be that of the DOE summary in the ‘90’s (3)  :
“….. the nucleus is, of course, composed mostly  of neutrons and protons (nucleons) which have dimensions of ~ 1 Fermi…. and moving around in the nuclear “ mean-field”  produced by all the nucleons….. It is now also well known that nucleons are made up of quarks which interact by exchanging gluons…. It is then the ultimate aim of nuclear physics to relate the known phenomena of the nuclear medium to the quarks and gluons and the corresponding theory, the QCD”.

On the other hand let me remind another intermediate statement (end of the 60’s) as given by V. Weisskopf (4) : 

“….. Fortunately and somewhat surprising, the nucleus can be rather accurately described as a system of well defined protons and neutrons with certain forces between them. The meson origin of these forces does not seem to play an essential role in the nuclear behaviour at lower energies. Hence the theory of nuclear structure is not interested in the theory of nuclear force itself: it is taken for granted that such a force exists and its properties are accepted as an experimental fact” .

All these statements are, in fact, correct. The history of a large part of nuclear properties (structure and dynamics) investigations is not strongly related to the basic understanding of the fundamental interactions between elementary constituents and even the more modern theoretical approaches for a microscopic description of the nuclear medium are substantially based on nucleon-nucleon potentials including, if necessary, some sub-nucleonic degrees of freedom ( and  mesons besides pions, so as isobars, following the energy scale) (5). Moreover the extensions of the basic shell model,which remains a kind of a standard model for the nucleus, are dealing with bulk properties (i.e. collective behaviour: rotations, vibrations, deformations) or special nucleon-nucleon couplings (i.e. interacting boson model, pairing, etc.) (6).
The more general problem which could be the derivation of the nucleon-nucleon interaction (often simulated by an effective force) in the nuclear medium from the real fundamental quark-quark interaction is still in its infancy. Instead we are facing once again to specific aspects:  i) to extend our understanding of nuclear properties to specific inclusion of subnucleonic degrees of freedom; ii) to include the nuclear environment as an essential tool for testing primary fundamental questions (as an example in this case notice the nucleon properties and the deconfinement of the Quark-Gluon-Plasma investigated with high-energy electron and relativistic heavy-ion beams,  respectively) 

For this one needs proper answers to the following still open basic questions:

1) Do we really need QCD and Nucleon Structure for explaining nuclear properties?

2) Apart specific structure and dynamic properties,  what is the real meaning of the nucleus as a laboratory for extracting fundamental laws related to the ultimate structure of matter?

As far as I have seen during these 50 years journey, there are no satisfactory answers, yet. 

Of course, one could say that the questions are not so appropriate; and this reminds me the amusing poster that I have seen many years ago in Chicago, showing a monk, with a dubious face, saying: 

“Just when I knew all the answers, they changed all the questions!”

In fact, the question if nuclear physics, which is sometimes considered an “old” science, could be still accepted as “basic” science, in spite of its complexity, is really an open question (old and new). A way to illustrate this ambiguity (remember the amusing anagram NUCLEAR (=UNCLEAR) PHYSICS!), is reported in Fig. 2.
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Fig. 2

The ambiguity of nuclear physics is represented here by the peculiar position of 

the nucleus between elementary constituents and complex matter.

The nucleus stands between elementary constituents (simplicity, reductionistic view) on one hand and complex systems (complexity, olistic view) on the other. It is a kind of GULLIVER: too small to be considered as a true many-body system and too big to derive all its properties from the fundamental interactions between primary particles. 

To find the clue of such a problem is a long way (to Tipperary!). This is probably one of the main reasons why nuclear physics is still alive.

2.- nuclear spectroscopy in the 50’s

The beginning of my career as a nuclear physicist coincides with the first revolution in experimental nuclear spectroscopy due to the advent of the gamma-ray scintillation spectrometry.
After a personal experience in Torino-Politecnico (under the direction of Eligio Perucca, one of the major representatives of the “old physics” school in Italy)together with Renato Malvano and Francesca De Michelis, learning and investigating quite a lot about scintillation (stilbene and antracene) crystals (home made) for beta-ray spectrometry and NaI(Tl) detectors for gamma-ray spectrometry (home original techniques for poor-man calibration and efficiency determination) my landing in 1957 at IKO (Instituut voor Kernphysik Onderzoek) in Amsterdam was the real consecration.

Fig. 3 shows the cover of the “Alpha-Beta and Gamma Ray Spectroscopy” Bible edited by K. Siegbahn in 1965 where the chapter n “Scintillation Spectra Analysis” was written by the four members of the International Nuclear Spectroscopy Team (see the Figure) authors of a number of frontier experiments at the time (7).
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Fig. 3

The cover of the article on “Gamma Scintillation Analysis” as part of the Bible “Alpha-Beta and Gamma-Ray Spectroscopy” edited by K. Siegbahn in 1965.
As an example of the original techniques of analyzing scintillation spectra by peeling off the measured gamma-ray spectrum of a nuclear decay under investigation, Fig. 5 shows the case of the 63Zn63Cu + decay where the subsequent  radiations were measured at IKO in 1958 with a standard  Na(Tl) crystal and a  256 channel analyzer. 

[image: image4.png]Intensity

10

" Infensity

f =
M\ Channel number 3 LChanlnel num{)er .
e e e , , e
0. 20 30 40 50 60 70 80 90 10 70 30 40 50 60 70 80 750





Fig. 4

The ray scintillation spectrum following the + decay of 63Zn63Cu measured at IKO in 1957 (R.A. Ricci, R.K. Girgis and R. Van Lieshout, Nuovo Cimento 10 (1958) as a clear example of the peeling off of the individual -rays

The plot on a semilogarythmic diagram and the peeling of monochromatic –ray distribution, obtained by superposition on -lines of given energies from standard radioactive sources, allowed us to obtain a detailed -ray spectrum. For more general purposes, in many cases, taking also into account the possibility of cascade -rays, the coincidence between them could be established using a summing technique with a hollow crystal (the radioactive source inside a hole in the crystal to ensure a ~ 4 geometry and therefore to emphasize the presence of summing photopeaks arising from coincident -rays).

With this technique and due to the production of new radioactive isotopes at the Philips Cyclotron at IKO, some 40 new nuclear species were identified and their decay schemes characterized. It is amazing to verify that those decay schemes were then substantially confirmed by subsequent experiments with computer analyzing techniques. 

Hence, the nuclear spectroscopy era, via the gamma-scintillation analysis techniques, has been the basic starting point for the founding of nuclear structure studies in Italy from Naples (using a 400 keV Van der Graaff generator of 14 MeV neutrons by (d,t) reactions) through Florence to Padova at the Laboratori Nazionali di Legnaro (using the 5 MeV Van der Graaff accelerator).We are in the years 60’s-70’s and the extension of the collaboration with Amsterdam (from where a number of radioactive isotopes to be investigated, came), Orsay (nuclear reactions at the 155 MeV Synchrocyclotron), Munich-Garching with the Tandem accelerator (in beam -ray spectroscopy as invented by H. Morinaga and P. Gugelot already in Amsterdam (9)  with the Tandem accelerator) is already in the history of Italian nuclear physics (10).
The foundation of nuclear spectroscopy in Italy is based on specific experiments and important results achieved at the “Istituto di Fisica Teorica e Nucleare” in Naples (directed by E. Caianiello), where I came from Torino in 1959, after my stay in Amsterdam, following a request of Giulio Cortini, who wanted to promote there a nuclear physics “center of excellence”. 
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Fig. 5

The (-ray and (-( summing coincidence spectrum and level scheme of 50Ti compared with 42Ca (see ref 11)

Cases in point were the characterization of the -decay scheme of 50 22Ti28 as a typical nucleus with two protons outside the closed 1f7/2 shell (11) and the investigation of the M1/E2  transition branching-ratio in 20782Pb125, a typical shell-model nucleus with a neutron-hole in the closed 126 neutron shell (12) . 

In the first case the scintillation summing technique allowed us to identify the 6+4+ 2+ 0+ cascade and the presence of the (1f7/2)2 states, due to the coupling of two protons in the 1f7/2  shell, to be compared with the same sequence known in 42Ca (two-neutrons in the same shell) and to conclude, for the first time, that the two-particle effective nuclear interaction in that shell-model orbit is charge-independent (11). It is interesting to notice that the production reaction was 50Ti(n,p)50Sc 50Ti+obtained with the 14 MeV neutron beam of the 400 keV Van der Graaff in Naples (1962) (Fig. 5). 

This was the starting point of the 1f7/2 story as lived by the strong collaboration Naples-Florence-Padova-Munich (with some important contacts with Orsay and Yale), and that could provide a series of information (simple shell-model features, effective interaction and electromagnetic operators, configuration mixing, core-polarization and core-excitation effects, nuclear moment anomalies, collective phenomena and nuclear deformations, pairing vibrations, special modes of excitations, isobaric analogue states and resonances). A kind of Bible of the properties of such nuclei, as known in the 60’s, is the review by P. Maurenzig and myself, published in 1969 in the Rivista del Nuovo Cimento (13) .
It is also interesting to report how the importance of such a nuclear region is revealed also today by modern nuclear-structure investigations, due to the evolution of in-beam -ray spectrometry thanks to the heavy-ion accelerators and the consequent richness of produced nuclear species, including exotic nuclei far from the stability line, and to the advent of more efficient high-resolution -detectors and arrays (from NaI(Tl) to Ge(Li) and to  more sophisticated systems like EUROGAM, GASP, GAMMASPHERE, EUROBALL).

This new nuclear structure era,  with the advent of more and more reliable exotic beams, is opening new perspectives.  

An example of the old and new findings of some important properties of 1f7/2  nuclei is given by the level spectra of  4824Cr24 and 5024Cr26. Such nuclei are in the middle of the 1f7/2 shell, quite apart from the stability line and are characterized by the coexistence of individual and collective (rotational) states as already established by the Munich-Padova –Florence group in 1970. The main Yrast level sequence accounts for the collective behaviour and for the corresponding quadrupole properties (deformation parameter =0.3), so as for the back-bending at high angular momenta (J>10 h).  All these properties are well described by the interacting shell-model (full 1f-2p space reducing the valence nucleons to 1f7/2-2p3/2) (14).

This revival  of 1f7/2 nuclei is quite gratifying for the “old band of f7/2 brothers” (15) and deserves important aspects of the modern nuclear spectroscopy dealing with spin, isospin, angular momentum effects quite evident in this region. 

I cannot forget, also in this context, the experiments performed in Orsay in the 60’s concerning the important information on the 1f7/2-1d3/2 shell-model energy separation obtained by (p, 2p) knock-out reactions at Ep=155 MeV so as the assessment of the octupole (3-) collective states in that region by (p, p’) inelastic scattering (see ref. 8).

This was one of the most significant results obtained by the Orsay Team with which I could collaborate thanks to the invitation of J. Teillac, M. Jean and M. Riou. 

3.- the advent of heavy-ion facilities. the xtu tandem accelerator at legnaro 

The collective aspects of 1f7/2 and other medium-weight nuclei and the extension to new perspectives not only in nuclear structure but also in nuclear dynamics investigation could be achieved in Italy with the advent of the XTU (16 MV) Tandem at the Legnaro Laboratories at the beginning of the 80’s. 

That goal was achieved after 10 years of hard job and confident waiting in 1982 establishing a milestone for the development of nuclear physics in Italy in the context of the Istituto Nazionale di Fisica Nucleare. 

Few pictures of the celebration of the first ion beam of Moby Dick (as we called our Tandem just referring to the 10 years of hunting the White Whale by Captain Akab) are shown in Fig. 6 (see also ref. 16).
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Fig. 6 

Celebration of the first  ion-beam of the XTU Tandem at LNL (1981)

The scientific program at the LNL-Tandem started with fusion-evaporation and deep-inelastic experiments in medium-mass nuclei and extended to transfer reactions, dissipative phenomena, applied nuclear physics together with the development of analysis and detection technique ensuring an international standard which now is demonstrated by the recognition of the LNL as a European Large Facility. The advent of ALPI (Acceleratore Lineare Per Ioni), the new superconducting LINAC in 1987 coupled with the Tandem or (today) with a ECR source provided LNL with more energetic heavy ion beams (58Ni up to 347 MeV). (see ref. 16). 

These achievements were not so easy in reality. In fact, one could remind the difficulties encountered in 1974-75 for the final decision to install the XTU Tandem in Legnaro due to the possibility of moving to Frascati the entire project to which the Legnaro group (R.A. Ricci, I. Filosofo, C. Signorini, P. Kusstatscher, M. Morando) was working since a number of years after my arrival in Padova in 1968 and under my direction of LNL, following the input of A. Rostagni and C. Villi and the suggestions and advice of A.D. Bromley from Yale. 

Finally, the Laboratories of Frascati and Legnaro did find their respective objectives and configuration and the heavy-ion physics in Italy started in Legnaro. Few years later it was followed by the installation of a second Tandem Accelerator at the Catania (Laboratorio Nazionale del Sud), now coupled with a Superconducting Cyclotron built in Milano under the direction of our unforgotten friend Francesco Resmini. 

The years 80’s were quite important for many reasons. 

First of all the evolution of the nuclear physics in Italy did allow more visibility and representativeness of the community of Italian nuclear physicists in the national and international context. Just as an example I like to mention the organization and participation to a number of important conferences at the time. 

Let me mention the two Adriatic Europhysics Study Conferences in Hvar on “Heavy Ion Collisions”, under the chairmanship of Nikola Cindro, Walter Greiner and myself in 1981, the first and of N. Cindro, W. Greiner and Roman Caplar in 1954, the second (17). There I met for the first time Walter and I started my brotherly collaboration with Nikola with whom I could share for the last time another meeting in Rab in 1999, together with Ettore Gadioli and some of you. 

Fig. 7 shows a picture of the participants of the Hvar Conference in 1981. 
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Fig. 7

The participants to the Adriatic Conference in Hvar in 1981.  W.Greiner, N. Cindro, R.A. Ricci and L.Moretto are clearly visible at the first rank

To overcome some sorrow, let me remind the friendly atmosphere of such meetings where not only interesting physics was discussed (like quasi-molecular resonances, deep-inelasic reactions, single-particle emission spectra or supercritical fields, giant nuclear systems, relativistic heavy ion collisions which were just  at the beginning) but also amusing jokes and speeches were offered. I like to mention, for instance, the poetry of S.S. Hanna dedicated to Hvar in 1981 illustrating the various topics 

(few lines) : 
“…….since the weather was not permitting


              the next day we kept on sitting 

                         Instead of the boat 

                         I am sorry to note 

                         we heard about theories not fitting”

and also my “after dinner speech” in 1984 dealing with “The social and cultural background of the Conference”.

I report here only the ways to fit experimental data by different theories in Fig. 8

And few sentences and rules like: 

i) ….. A “ nice” theorist is somebody who presents theoretical data with errors and the experimental ones without

ii) A “participant” could be somebody who attended the Conference without reaching the audience room (a kind of “spectator”)

iii) Universal rule: If you discover something unexpected check if it has not been already predicted by Walter Greiner

iv) The silver rule: Sometimes experimentalists discover something unexpected by theorists who, in any case, will find an explanation, but theorists can always predict something that experimentalists will never observe.
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Fig. 8

The different ways of fitting experimental data with different theories (from R.A. Ricci “After dinner speech” at the Adriatic Conference in Hvar in 1984 (see ref. 17)

A great recognition of the work done by the Italian community was the organization in Florence in 1983 of the “class A” International Conference on Nuclear Physics sponsored by IUPAP (18)  where peculiar aspects about new challenges and opportunities of our field were presented and discussed, as mentioned by Allan D. Bromley in his opening address so as in my introductory talk, as a chairman of the conference.

Since this was the time of the advent of the heavy-ion physics era in Italy, let me show in Fig. 9 the Italian nuclear physics ship  sailing from U.S.A. (Berkeley was the site of the previous international Conference in 1980) to Florence with the cargos foreseen for the various Laboratories. 
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Fig. 9

The Italian nuclear physics ship in 1983. The sun in the horizon is raising

4.- The 90’s and the future

To be more complete, but of course not really exhausting, few other activities have to be mentioned as a further development of the heavy-ion physics, especially in the 90’s.

Among them the search of quasi-molecular resonances in elastic scattering of medium-weight  nuclei (19), the ternary break-up fragmentation processes discovered in 32S-induced reactions with a number of targets nuclei (A between 45 and 89) as well as of the sequential binary decay in the same region of 6 MeV.A (20) .

With the advent of ALPI further interesting results in the nuclear structure, investigations have been obtained as already mentioned and reported in ref. 16 for the years 1995 and 2000.

Moreover the moving of part of the Padova-LNL group to the Obelix collaboration at CERN extended our interest to the study of antiproton and antineutron annihilation on nucleons and light nuclei at the LEAR facility (finding exotic mesons) and on Pontecorvo reactions dealing with baryon-meson or baryon-baryon pair (21).

The Padova-LNL-CERN link has been recently extended to international Alice Collaboration for further investigations on extreme phase-transitions in nuclear matter, after the promising results with Pb-ions at SPS, with particular emphasis on the identification of the Quark-Gluon-Plasma (22).

I have to conclude here. Perhaps such an evolution is to be regarded as the confirmation that the novelties are especially attractive, on one hand  but that a well established sound traditional culture is always necessary, on the other.  This is true for physics  as for the life, at least in my opinion.

I like to recall my conclusion at the end of my introductory talk in 83 at the Florence International Conference, quoting W. Goethe (1783!):

“If you want to progress to infinity, follow the finite in all directions”

Have a good night! My great-children will certainly have,  waiting for the future! (see Fig. 10). 
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Fig. 10

Giorgio (6) and Carlo (4) Ricci. The next generation. Let them dream!
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