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I have fhe privilege to make the concluding remarks at this international
confereﬁce on nuclear moments and nuclearistructuré; This.coﬁference seems to
me more like an exhibition of fine arts, sponsored by an academy of oldésﬁ
traditioﬁ,and érranged by its grand master Profeésor Suéimoté from Osaka. On
Monday thebéntrénce hall waé opened and it looked very spectaculér to me. The
lofty, glittering roof anéhéred to.the N*-eternity waé a kind gift to this
exhiﬁitioﬁ by Gerry Brown. It was firmly suspended by that original architect
froﬁ the’J;panese pion. Bauhaus, Professor Miyazawa. Then, the mas£er magiciah
Yamazaki, to whom the’e#hibitioﬁ was dedicated, diépléyed impréssiveiy his
colorful kiﬁetic‘meson art. Furtﬁer on, the'décorations were provided by the
world's fémoﬁs nuclear futurist, Lee Grodzins‘frdm the MIT, and finally the
whoie ﬁall was filled by Mme. Wu's surrealistic muon dream. Those of yoﬁ who
know me, knoﬁ that I like aftists and their shows. They are.my friends aﬁd
they have my‘admiration for their sincere devétion iﬁ creéting a new world full
of miracles in which they live, often véry.far away frbé'the newsmeh, who are
always around, fhé highways; thé'main étfeams ana.éven their frié;ds. That

devotion I think is their strength but maybe theif weakness at the same time.

TWork performed under the auspices of the U, S. Atomic Energy Commission.
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Now 1et,ﬁe teil you a little about what I have seen on my rather_casual
walk through the halls with eyes of a very simple mindéd experimentalist,vwho
still has the luck of being able to appreciate the excitement coming from
developments based on very simple principles, devised to get answers concerning
very small effects such as those caused by nuclear momehts; You know this is

'a field of véry small effects, although it did not alwgys sound that way when I
was listéning to my old historian friend Héns Frauenfelder. I still think thét
nuclear moments are rather unspectacular, but always Qery trustworthy, steady
companions on the way! of developihg a bettef undefstanéing of nuclei, particles,
atoms, moleculeé, and even condensed matterf I also bélieve that most of the
beauty and excipement of this field is intimately connected with the methods‘
which are very ingenious_combihations of basic principles and ﬁhenomena of

large variety and‘are also cleverly applied to other interesting branches of
science such as biochemistry and solid state physicsf.

Let us look first af the oldest method of nuclear-moment research, the
spectroscopy. You know it is'stiil alive with the MBszauer effect, and muon
and exotic atom speétroscopy. -Even if Professor Matthias thinks that the .
Mgssbauer effect is passé, there are still nice contributions to this .
conference on hyperfiné anomalies of excited states and the shrinking of charge
radii which became observable only because of an enormous improvement in the
measuring precision. I mean, these effects are so sméll that one has to
sharpen the oid techniques to really get precise inforﬁation. These very
interesting results are difficult to get with any other technique and are
complementafy fo the beautiful isémer shift work on Y-rays from muonic atoms.

The analysis of these latter experiments, as pfesented-by Professor Kankeleit,.
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sheds light Qn the‘change of the second and maybevthe.fhifd moment of the
charge'distribution which are caused by the nuclear fotation;A I think more
applications of the Mdssbauer effect will almost certainly come, especially

in connection with.quadrupole moment measufements of isomers, which I shall discuss
later. There may even be some very bésic surpfises'in.thé air, such as that

Whiéh came véry reéently, perfectly unexpected, from Potzel and Perlow* of the
Argonne National Laboratory. They did what I think is 8 rather intricate but

197

conventional measurement to find the sign of the'quadruPOle moment in Au.

 They could determine that but, at the same time, they found that the Mdssbauer

lines in certain compounds were 20% narrower thaﬁ expected from rather accurate
lifetime measurements. Now regardless of the solution of this very strange.
phenomenon, which is extremely difficult to explain, I think such things bring
new cfeative exéitement with them, which is so badly needed in our stagnating
scientific society.

Let's go on to‘the mion spectroscbpists. They‘céme to us displaying
very beautifulﬁreSearch on hyperfine anomalies of ground states and aléo
excited stétes, ﬁhich I think will reactivate an old fiéld and_provide a new
dimension for magnetic-moment research by revealing information on magnetic-
moment distributions. Furthermore, we heard very exciting news for the efforts
to measure the so far elusi&e ground-state quadrupole moments in a model
independent way. _The news came from the CERN group which succeeded in measuring
and also espécially'in analyzing the qudrupole splitﬁings of outer orbits in
muonic atoms, There are certainly many open questions about théir analysis and -

the extraction of unambiguous results. However, one'has great hope that the

W. Potzel and G. J. Perlow, Phys. Rev. Letters 29, 910.(1972).
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remaining problems can be solved in time. If so, I think it would have an
enormous impact on quadrupole-moment research because it would allow one to
extract field gradients, for example, in atoms and in solids. It would improve
-the theoretical understanding of field gfadiehts and itﬂwguld, and this is most
important, yield a basis for determining also quadrupole moments of excited
states with the perturbed—angular¥correlation method, i.e., if one knows the
field gradients in a given environment, then one can extract the quadrupole -
moments of the excited states. In order to determine the quadrupocle constants
in various environments, which are then used for measuring quadrupole moments

in excited states, one can use known techniques like quadrupole resonances,

Mossbauer effect, nuclear alignment, and many others to get the final information.

So this field is quite interesting because until néw we.réally haven't had any
means except Coulomb excitation to measure quadrupolé.moments inva model
independent way. |

| In this context, I am teﬁpted to draw your attention to a kind of
spectroscopy which seems to be unknown even to specialisfs. The method has
been sleeping véry deeply in a two or three years old volﬁme of Zeitschrift fur
Physik*; it was published by Heidemann, a student of Meier-Leibnitz. Let me
explain his mefhod to you, which I would_like tovcall hyﬁerfine neutron
spectroscopy.. The method is so beautiful that its main features deserve to be
described. What does Heidemann do? He scatters slow neﬁtrons from nuclei and
in some of the scattering events the spins flip; i.e.; both the ﬁucleus and. the
neutron meke spin transitions with Am = 1, but of opposite éign to conserve

angular momentum. Now assume that the m-state degeneracy of the nucleus is

x : '
A. Heidemann, Z. f. Physik 238, 208 (1970).
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removed in a:sdlid.by a hyperfine interaction, let's say, a quadrupole
interaction. vIn scattering process.involviﬂg a spin flip the energy is
transferred betweeﬁ the ﬁeutron aﬁd the nucleﬁs.v'So he used a highly mono-
chromatic néutronvbeam produéed by backscattering of véry slow neutrons, from a
silicoﬁ crystal and he measured the energy of the scattére& neutron by‘the
same processf' To measure‘tﬁe change in energy of the neutrons which were
involved in a‘Spin-flip scattering he uses a Doppler—shift-technique Just as
in the Mossbauer effect. In his first experimentrhe achieved a resolution of .
some 10-7‘eV and'hevéould indeed observe a hyperfine splitting. With the
advent of the high flux reactors, I think this technidue can be tremendously
improved in intensity and also in resolution, so.this.may become a very powerful
method for the méasﬁremeﬁt of quadrupole coupling constants.

Now I would like to proéeed and look into the cgnfral hall of this
exhibition, which‘displaYed the numerous contributions of the polarization
masﬁers and the NMR artists. As you know, they use the most exotic combinations
of all'softé of principles to measure ‘g-factors and quédrupole—coupling
constants of nuclear states over an enormous lifetime range, from stablé ones -
down to those with lifetimes in the pico-second regionf I am very sorry that
I can only give a very inadequate presentation of their impressive achievgments
by restricting myself to some of the'experimental developments, which seem for

me to be the most characteristic ones of the field. The art of the measurements

on unstable nuclear states is based on combinations of éimple-principles like

the‘production of alignment or polarization, its observation via the angular
distfibution-of beta particles, gamma rays or other particles, and then the

measurement of the change of the angular distribution produced by interaction -
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with electrémagnetic fields. Now let me briefly review somé of the newer
developments of the experimental methods or developments which struck me most.
The use of nuclear reactions to produce alighed or polarized nuclear states
had an enormous effect on the variety'of:states which-are noﬁ accessible for
moment measurement. This puts us in a very fortunate gituation in making
"choices according‘to our or even the théoreticians; faste'inrpicking-interesting
cases. Typical examples are Sugimoto's artistic measurements on the light
isobars which shed 1light on basic'probleﬁs of maénetic moments as well as oﬁ
structural problems of the p- and sd-shell nﬁc}ei. Invcpntext with these
experiments, one may hope that the availabilify of high'ihtensity polarized
neutron beams from the hiéh flux reactors as well as polarized charge-particle
beams from the many accelefators, which now have polarized sources, méy lead to
substantial progress in measuring magnetic moments as well as quadrupole
moments for short-lived activities by using essentialiy Sugimoto's techniques.
Another striking example is the measuremént of the g-factors of high-
spin isomers around c}osed-sheil‘nuclei, initiated by Yamazaki usiﬁg the
powerful tool of compound reactions to populate and align‘theée-states. I
think this development led to the main theme of this cbnference, namely the
guestion of the importance of mesonic exchange effects. about which you heard
such a lot and the problem of core polarization, on which theoreticians from
thisvcountry like.Miyazawa, Horie and Arima have worked a long time. Professor
Yamazaki who, I think,'is 8 real'kinetic artist showed me a éolorful figure
which I would like to describe to you. He representéd the well-known Schmidt
lines by blue lines, then he added red lines which could be called Miyazawa

lines because they contain the correction Ag2 = 0.1, which emerged from the
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‘experiments, which have been done to such a great extent recently. Now I

think more progress, particularly in respect to the choiée'of'interesting

~cases, can be made if one uses the,pulsed heavy-ion beams from the many

accelerators ﬁhich now exist, like tandems, cyclotron$ and linear acceleratoré;
and use these beams to populate very specific states of”interest with the best
possible reaction'oné can find. In this way,'it should be_possible_toxget
more information on neutron states and on both_memberé of_épin-orbit doublets
near closed‘shell nuclei. Furthermore, it is quite clear that use of heavy-ion
reactions and rééoil methods will openAfﬁfther possibilities'of mgasuring
moménts of short-lived single particle states in heavy‘nuclei, around 208Pb say,
and of obtaining.guite interesting information on all softs of transition
matrix elements. |

Now I”would shortl& iike to turn to another subjeét, namely the
optigal—pumping and atomic-beam methods combined with‘oh—line mass-separators

and accelerators, which seem to provide a very important tool for investigating

nuclei far off the stability line which we really don't know very well. You

may‘aék, why do you want to investigate.such nuclei, I:mean, when you don't even.
understand the ones along the stability line. However, I think Professor Ctten's
measurement on the very drastic increése of the nuclear_charge radius betﬁeen
187Hg and 185;183Hg is a.very_fine‘example of a result Which was not really
expected and which cah be obtained by such methods.

" Now let me turn to the actual measurement of Qﬁadrupole- and magnetic-

interaction constants with methods like spin-rotation, the stroboscopic;

resonance technique, which was introduced by the Berlin group, énd_NMR.. With

‘these techniques one now has a -very high degree of versatility and accuracy
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and- they cover an enormous range of lifetimes and frequencies. Furthermoré,
the improved unaerstanding of static and transient internal fields as well as
the interactions in highly ionized atoms recoiling into gas or into vacuum has
providedrus with new tools for measurement of moments of highly excitedvstafés
which are very”shoft—;ived.4 This will be especially true, I think, when heavy;.
ion beams become more readily available. But already thé results presehted at
this conference,‘for example, by Professor Hanna, are quite exciting and indicate,
"I think, the beginning of a new area of huclear momenf research. |

Finally;‘I should like to draw your attention to some éuadrupble-momentr
measurements which may indicate that.a nev area of_reseﬁrch has already been
sﬁarted. It was shown first, I think,.by a group in Stony Breook and then in
Berlin and Munigh that quadrupole interactions of isomers populated by compound
reactions may be nicely studiéd with precession techniques. Now if field
gradients can be determined from those developments which I hentioned earlier,
we have a way to measure the gquadrupole moments of the high-spin states around
closed-shell nuclei.. When I prepared this talk, I didn't know if these
measurements were as exciting as those which measure the.corresponding g-factors,
and I thoughf‘of suggesting that one should ask Arima or Gerry. Brown about this.
However, I wouldn't do that because I think I would measure them anyhow, but
you have heard; I think, from Arima that these.measuremepts may be_quite
interesting. o

There are other examples which are concerned with the question of co-
existencé of states with differenf deformations, such as the states in the
actinides, for éxample,_thé'fission isoﬁers. It would certainly be interesting

to learn more about them and to see if such states exist in other nuclei. There

. N
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In which
gaververy largé duadrupole.moments, although I don't feﬁembér”the exact
numbers, Along with the available spectroscppic informétion these experiments
indicated the existence of a real deformed band. This may be.afmore general
phenomenon in nué;ei and it could be investigated witﬁ the methods which I have
described. Now wé stillvhéQe some problems witﬁ fissioﬁ isomers, énd some of
you may know that, the moment of inertia of one of them, namgly 2hoPu, has been
recently‘meaéﬁred by Specht and collaborators in Munich to be twice as big as
the correspondlng moment of inertia of the ground-state rotatlonal band. Now
it would be nice to learn more about these nuclei with these supposédly high
moments of inertia or large deformatioﬁs. In'order‘to-really pin down the
whole phenomenon, one would like to iﬁvestigate the odd nuclei. The states in
these nuclei:aré'ﬁsually populafed‘with’an (¢,2n) or some kind of compound
reaction. The question is can we play the nuclear moment game and use all our

spectroscopié;tools to learn more sbout the spins, magnetic moments, and

quadrupole moments of these states. Basically, these measuremehts'can be done -

although I think they are very difficult -'by measuring as a function of time
the anisotropy of the'fission‘fragments from these isomers which have been

naturally aligned by>the compouhd reactions. I don't know if this would be

-very interesting but I think it would be possible to really pin down what is

~going on in these nuclei.

I would like to turn now Just:for a minute to the Coulomb exciters.
After about six or seven‘yearé pf'étarvation it looks-as if very rich years
may be coming. It seems they have learned how to handle all the small inter-

ference effeéts, which they now ﬁSleﬁﬁmeésuring'quadrupole moments in a model
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independent way and also Eh-trapsition probabilities., With these measurements
one probably can obtain very nice data on collective properties of‘éxcited.
states. New prospects also lié ahead with the_heavy-ion beams. .Lee Grodzins
tried very hard to show us how difficult that game may.be, but I can promise
him that he dian't scare me, as I am now joining that club which'willttry to
use the heavy-ion beams to do Coulomb excitatioh and simiiar experiments. Even
if you consider the very complicated behavior of the excitation probabilities
of highly excited states, you still find fhat it is possible to excite. them;
and if you excité them then yoh immediatgly‘have a great deal of information
about energy, angular momentum and such things fqr these very highly excited
states, which may produce some surprises; In additioﬁ, i_think the higher
recoil veloéitiés_will allow us to do all kinds ofbnew measurements, perhaps
‘even tb deterﬁiﬁe lifetimes of high angular-momentum gtates directly by use of
recoil techniques. |

Now I think I am at the end of my talk and Gerry Brown may think thét
I missed the physics of the conference and that may ﬁell be true; and it may
well have been that all I saw and all that I was trying to tell you was a’
dream. However, there was one thing which I saw and appreciated the most-and_
which was the most important‘thing at this conference énd thaf was the gresat
-hospitality of our Japanese friends who'made a tremendous effort in arranging
this meeting-ih>order to bring us closer together; all those who like this
field and even those who don't. I should like to express my deep appreciation
and sincere thanks to Professor Sugimoto and his organizing committee for |
providing us with sucﬁ a comfortablé meeting and a most exciting exhibition

of the most artistic field in nuclear physics to which théy themselves have



Ce.

~11- : . LBL=-1296.

contributed to such a great extent. Now let me close‘my talk with the most
simple but sincere phrases I could find and say arigato and éayonara!!

Auf Wiedersehen und Danke Schon!!
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