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ABSTRACT 

If some 3 emitters are particularly interesting to study in 
light, medium, and heavy nuclei, another (and also) difficult problem is 
to know systematically the properties of these neutron rich nuclei far 
from the stability line. A review of some of their characteristics is pre
sented. How far is it possible to be objective in the interpretation of 
data is questioned and implications are discussed. 

First I have to thank my colleagues to give me the opportunity 
to come back to physics after three years largely devoted to medicine. 
After twenty years I made nuclear structure physics, I had the feeling 
that it is necessary to have a better understanding of what is the meaning 
of what we measure ; if a lot of stimuli is coming in our brain, how do we 
organize them to generate what we call an information ? When we are making 
an image of nuclei the problem is the following : is this only an image of 
the nuclei or is this also an image of ourselves ? It is clear for me now 

h that our brain is not a perfect camera ; we have to take into account that 
the image of our brain is partially proposed to other men as an image of 
the nuclei and I wish that a part of this meeting be devoted to the problem 
of subjectivity and objectivity in our interpretation of nuclear spectra. 
It is clear that many many hours are spent between colleagues who seem to 
have contradictory images from the same account. It is very important to 
know the origin of these discussions. Is the reason that some information 
is missing and we don't give the same importance to the same data or that 
we have a more basic limitation ? I will show you how the spectroscopy 
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depends on the brain and possible relations between some models in nuclear 
physics and how work your brains and my brain. 

The second remark is on neutron rich nuclei. During the first 
forty years after the discovery of radioactivity, the neutron rich nuclei 
played an important role because the natural radioactive nuclei are not 
only a but also 3 emitters and therefore neutron rich. The discovery of 
the nuclei of atoms, of their size, of some of their constituants, was the 
main result of this first period. If you look to the following forty years 
from 1938 to now you see that the first important result in nuclear physics 
was the discovery of fission and that the main problem was to try to give 
an at least tentative image of the nuclei. We have been faced during these 
forty years to the question that it seems impossible to resolve all the 
problems with one model, with one theoretical approach. The nature gives us, 
nevertheless, a number of answers and it seems to me that one of the impor
tant things of this period is some idea how the nucléons are organized in 
the nucleus. In fact, never the knowledge of finite population of interact
ing beings was pushed so far. Some years ago Professor Mossbauer asked me 
at this place the question : "are you certain that you are really doing < 

basic physics ?". My answer at this time was : "if you think that are fun- : 

damental only laws on microscopic quasi-free individualities, it is clear 
that nuclear physics is no more fundamental, but if you have the feeling 
that also the many body problem of a finite number of interacting indivi
dualities is a fundamental problem, then nuclear physics is really very 
important. I think that the models that we give to the nuclei are much more 
general than people believe" Another'question is whether particles with a 
rigid rotor are a good approach or the particle-phonon model or whether 
the basic elementary excitations are really the phonons. My feeling is 
that the discussion is not a trivial one because we see again the problem 
of the so called particles and the so called waves, of the individual and 
the collective aspects, and that nuclear spectroscopy is very important to 
try to disentangle this question. 

If your look now at the number of nuclei (Fig. I) you see that 
the neutron rich nuclei are much more numerous than the proton rich ones. 
The aim of this workshop is how to develop and study this wide part on the 
neutron rich side of the nuclide chart. I shall put stress on certain 
points where it is really necessary to study the neutron rich nuclei. 



Fig. 2. 

One of the problems as soon as we have the image of shell model 
of independent particles in a potential well is the symmetry of this well. 
Among the first results we have to obtain, are the different parameters of 
this potential well. Here you see the 6, parameter which is much better 
known for the neutron deficient nuclei aud y<*u have a lot to do for the 
neutron rich ones. It is really necessary ti.at we have this information 
for these nuclei. 

Fig. 3. 

Maybe a possibility to get some idea of the shape of the nuclei, 
to deduce the shape parameters g,, &, and the sign of the deformation, 
is not only to measure the electric quadrupole moment but also, mainly for 
nuclei far from the line of stability, to study the sequence of the excited 
states. In 1968 Kumar and Baranger proposed that in the Os-Pt region a re
lation e::ists between the oblate or prolate character of the nuclei and 

+ + 
the energy of the so called 2 gamma vibrational and the first. 4 states. 
If you plot the experimental results you see again that mainly in the neu
tron deficient side we have results and we need it also for the neutron 
rich nuclei. Very nice results were obtained by Lohengrin end at CKRN 
about a possible change of the shape of nuclei. The problem is the following : 
For many years it was assumed that the nuclei have almost always prolate 
shape. It is clear now that this is not always true and the problem is to 
which extent it is true and to which extent also the oblate shape nuclei 
might exist. If the nuclei have the possibility to become oblate it means 
that one needs only a small amount of energy to go from cigar shape to 
oblate shape ; large fluctuations are possibly a general property of nuclei. 
It is needed to have for neutron rich nuclei much more data on this diffe
rence of deformation, mainly in nuclei with 50 < ÎJ < 82 and 28 < Z < 50 
where many changes from positive sign to negative sign seem to occur : 
only experimental results can determine what happens. 

Fig. 4. 

We see the first 0 excited state. In 15>-55 Mottelson said that 
they are strange states. One explanation was that it is the first phonon 



(3 or y) vibrational state. Another possibility is that it corresponds to 
another shape of the nuclei, or possibly to a pairing vibration at the sur
face of the nuclei. Danos and Gillet proposed they might be quartet states. 
In 0 the first 0 excited state is of 4 particles-4 holes character. 
At least the experimentalists have to detect all first 0 states. It is 
clearly possible to see some well defined regions. During many years the 
Gd isocopes were considered as going from spherical to very well deformed 
prolate nuclei with few transitional nuclei in between. Only recently it 
was found that Z - 64 is not a small subshell but that it is really a 
rather deep shell. It is clear in this figure. When you comparp the col
lective model with the experiment and you plcn to use these "good" nuclei 
to compare, you arc puzzled because you are not taking into account enough 
that you have some strong shell effects. If you look now at the data on 
the Sd shell you see that something happens. It was the result of the Orsay 
group at CERN on the neutron rich Mg isotopes from the decay of Na to have 
some proof that here 20 is not a magic nuuber anymore and to have given 
evidence of a new region of deformation. As to us we continue to develop 
an instrumentation to be able to push the systcmatics al3o of the excited 
states even if they are less populated in nuclear decay. The danger is to 
draw too far going conclusions about nuclei, when it is not possible to 
have a lot of data ; it is normal that from the property of the ground 
state and the first excited state one tries to conclude something. Never
theless it seems to me that a lot of disputes were caused by the lack of 
data. 

I am sure that during this colloquium the Chameleon and flip-
flop character of some nuclei will be discussed. The information about 
>;hem, until now, is insufficient ; the small gamma lines might be impor
tant, not only the huge sequence?. 

Fig. 5. 

The minimum of the energy of the so called phonon y^tate and 
of the so called (5-state are showp. It is interesting to see fron this 
systematics that different types of situations occur ; when the minima 
«So not occur in the same nucleus, it seems that you have a transition from 
prolate to oblate. When you h."ve only a minimum for 0 state, when per
formed, the experience shows strong 2qp or 4p-4h effect. To be more certain 
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of these criteria, very useful for the determination of classes of nuclei 
in the nuclear chart, more data are needed on neutron rich nuclei. It 
seems to me that it is really important not only to have good data on 
the elementary excitations on odd A deformed or spherical nuclei but also 
to know the spectra of the transition region where collective excitations 
appear. It is possible to have large fluctuations of the shape of nuclei. 
It it) not only basic physics to study the elementary excitations around 
spherical shapes, but also the large collective fluctuations. 

Fig. 6. 

I start from the light nuclei to the heavy ones. To precise what 
I said I recall that Klapisch group studied systematically what happens in 
the transition region of the alkali isotopes. They produced, by fragmenta-

35 tion of U, Na isotopes until Ha and found indication from mass and lso-
topic shift measurement that the number 20 is no more magic. 

Fig. 7. 

They tried to measure by on-line detectors transitions in these 
nuclei and found the 2 -0 line in Mg indicating that these nuclei are 
deformed. 

Fig. 8. 

This are Hartree-Fock calculations which show the shape of the 
nuclei. Also 3 states seem to be at low energies (ORSAY H,F. Groups). 

Fig- 9. 

This are old data obtained by us at Orsay with a small mass 
spectrometer on Qft values on Rb isotopes. A lot of progresses were made 
since 1970. We have not obtained at this time evidence of new déformation 
at 56 neutrons ; on the contrary we have shown a spherical subshell effect 
for this neutron number. 

Fig. 10. 

I present these results because in 1968 and 1969 Nilsson and 
his group proposed deformation around the mass 100 with negative déforma-



tion and oblate shape. I regret very much that Nilsson disappeared so 
early. Every body knows he gave 2 large impulse to the systematics of 
shapes and shape transitions ; as well at CERN where I was working at 
that time as at Orsay our group benefited of many discussions with him. 
But I have to say also how many stresses are given to nuclear physicists. 
We have to look seriously what is science. It is not normal to die S3 years 
old. We have a chance to do what we wish and nevertheless sometimes we 
kill ourselves, each other. To come back to the problem of shape of nuclei 
around masses 90-120, it seems to me that the process of the fission it
self may help to see whether these nuclei are prolate or oblate. I bad a 
discussion with Nifenecker and his group working on fission and nuclear 
spectroscopy. They try to solve this question. 

Fig. II. 

We recall again Sven Costa Nilsson and his group. When wc dis
cussed at CERN the Ft nuclei around the mass 186 and very low 0 states, 
the following questions were raised : is the pairing well treated ? Have 
we to take into account only the central part or do exist also other types 
of effects, the finite range of nuclear force in addition to some quadru-
pole pairing ? The same problem exists around 100 Zr, 100 Sr. 

We have measured at CERN angular correlations on-line. We show 
that it is possible to obtain important results even if the statistics is 
poor. In the case of 0 -*• 2 •+ 0 cascades, the anisotropy is 100 Z. So 
the O character of the states is unambiguous. 

Fig. 13. 

This is to recall that near tha ground states in 184-186-188 Hg 
the sequence of states indicates chat the shape changed. But \f you look 
to all the mercury isotopes it is clear that the side bands have to be 
taken into account even if they art? weakly populated. The conclusion is 
not that the so called prolate state is ->ery «ell defined prolate because 
you have a large hindrance factor. This might be, because you have a two 
body operator instead of a one body operator, aed maybe subshell effects. 
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Everything is not related only to the shape. You see also negative parity 
states. It seems that in these nuclei like in the neutron number 20 or 
maybe 60 or 104 we have to take into account the possibility of the octu-
pole shapes : "critical" nuclei seem to exist. 

Fig. 14. 

I like to recall the old calculations of Kumar and Baranger -a 
the experimentalists. They predicted in 1964-1968 instable oblate shapes. 

This is the old graph of Sakai concerning the sympttry of particle 
and hole states around the proton number 50. It is very important to have 
not only the neutron deficient but also the neutron rich isotopes. I have 
alnKS3t finished. I have juet to say that the study of neutron rich nuclei 
is also performed by (t,p) experiments and by heavy ion capture of neutrons 
in heavy ion reactions. Be have to compare the different results using trans
fer reactions or fission and how they fit together. In the case of neutron 
rich Os isotopes it is the capture of neutrons which is the best method to 
obtain the neutron rich isotopes. You know the beautiful work obtained «ere 
st ILL and at Brookhaven by R.F. Casten and his colleagues on the neutron 
rich 0s isotopes. The neutron rich isotopes of 0s seem to be in the centre 
of an area of the chart of nuclei where the Iachello and Arima approach is 
the best. It was in these nuclei that Kumar and Baranger performed success
fully the first calculations with the hypothesis of very large and low fre
quency shape fluctuations ; so we conclude that the boson aspect of the 
nuclear excitations dominates in these nuclei. 

It is the end of my talk about neutron rich nuclei, but I would 
like to show to you some slides after the discussion to demonstrate how 
our brain works. 

Mote : 
The following figures correspond to a set of slides among these 

used fo;: introducing the discussion on the limit of objectivity due to the 
specific activity of our brain which is included in the chain of processes 
leading to an image of nuclei. 
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Fig. 16. 

How we perceive is a basic question ? It seems that our brain 
works by reconstruction of images. You are so certain that the side at 
the rea>- has to appear smaller that it seems larger when drawn equal. 

Fig. 17. 

We have a certain number of entrance channels in our brain and 
we reconstruct an image with many of thea. 

Tig- '8. 

This is for Faessler. It is clear that the vertical lines are 
parallel, you know it. But your brain tells you that they are not parallel. 
You see the sequence of small lines, similar to weak side transitions which 
are difficult to analyse. According to the fact that you take them into 
account or not, your brain concludes differently on the main sequences. 

Fig. 19. 

This l«i for Quentin and Faessler : it is just like in transitional 
nuclei. It is clear that the last figure at right is a nice woman, it is 
clear that the last figure at left is the face of a man ; exactly like in 
a transition from prolate and oblate shapes it depends wh'jre you itart ; 
you can see a little further the man or a little further the woman. In 
between you are not objective. Some people see the face of the man and 
certain persons see the woman. When you have transitional nuclei, it is 
so difficult to have all the data that I ask you the question : "Why do 
you claim th?t they are triaxial, why do you claim that they ar<* soft ?" 
My feeling is when my colleagues claim that they see a rigid rctor nucleus 
maybe their brain is biased by too much rigidity. When they claim to see a 
vibration, maybe they are really convinced. But it is possible that in the 
morning or in the evening you see one thing or the other one. 

n>;. 20. 

What is this ? An old woman with the nose, the eye or a very nice 
young woman where the cheek is the nose of the old woman. It depends on the 
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view point. If you see one picture it is very difficult like in nuclear 
physics to see it otherwise. 

Kg- 2i. 

If you give certain drugb to people they dream. What they dream 
depends on the drugs and on the people. You have to be very careful if you 
think to see oblate or prolate nuclei ! 

Fig. 22. 

You put some Xe in the brain of somebody, not too much but some 
and you scan. It is the first time that you can see your brain working, 
which part of the brain is active when you are doing something, for example 
when you are moving your finger. Now I have to make a remark ; it seems 
that you have some areas in the brain which behave rather independently 
of each other when you are not consciously active. When you are very cons
cious of what you are doing all types of areas of your brain are much more 
involved. This looks exactly as if you are changing from a sii-uation where 
an independent particle model is relevant to another one where the unified 
model is relevant. It is not a linear evolution, it is a phase transition. 
I propose to you if you arc not afraid and if you are rich, to buy a scanner 
for your and your colleagues and to see your brains working. It is impossi
ble anymore to continue to not include our brain in the process leading to 
an image, even partial, of the world, of ourselves, mainly when the object 
of research is so small that we have to imagine it. Rather to complain, is 
it not better to use nuclei and what we imagine about them to understand 
better ourselves ? 
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FIGURE CAPTIONS 

Fig. I Nuclear chart 

Fig. 2 6, parameter 

Fig. 3 Energy difference of the 2 Y and 4 states 

Fig. 4 Energy of the first 0 excited states 

Fig. 5 Minimum of the energy of "2 y" and "00 " states for 
each element 

Fig. 6 Two neutrons separation energy in S-D shell 

Fig. 7 Energy of the 2 state in Mg isotopes 

Fig. 8 Hartree Fock calculation of potential energy curves 

Fig. 9 Results of QB measurements in Rb isotopes (197G) 

Fig. 10 S.G. Nilsson and al results around mass numbers 100-120 

Fig. 11 Some second order effects on the potential energy surface 

Fig. 12 Y~Y on-line angular correlation measurements performed at 
CERN (1972) on Ft isotopes 

Fig. 13 Main sequences and side-bands in 183 Hg 

Fig. 14 1968 Kumar and Baranger predictions on quadrupolar 
deformations 

Fig. 15 Sakai's plots showing particle-hole symetry around Z = 50 



Fig. 16 The side at rear seems larger 

Fig. 17 "Channels" included in the construction of an image 

Fig. lb Effect of small lines on the perception of vertical ones 

Fig. 19 In between it is possible to imagine one of the two 
extreme figures (Cerald Fisher 1967) 

Fig. 20 Young or old woman ? (w.E. Hill 1915) 

Fig. 21 Symétries and breaks of syisetry change when drugs change 

Fig. 22 Type of scanner useful to know how the brains work 
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