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CLOSING REMARKS
John 0.. RasmusSen
: Departments of Chemistry and Physics

University of Callfornla
"Berkeley, Callfornla

In the time femaining fer this conference I should like fo give some
general'iﬁpressions of nhere we Stand in the research fielde hererdfscussec.
I would not pfesume.tq meke a real Summary of the past wéek, for here the
unifying theme of hyperfine interactions has encompassed e wide and diverse
rangc of studles, nany 1n a new and antlve stage of developmenf | Our.chairman,
Martin Dentsch s Y'Y angular correlatlon work of 1948 and M8ssbauer's discovery
:ef 1957 have.spawned vast fields of study;
| There are two pr1nc1pal parent conferences in 1963 from which A51lomar
- 1967 stems, namely the Third M8ssbauer Effect Conference at Cornell and the
fPerturbed'Angular‘Correlatlon Conference in Uppsala. A check of the attend—
ance lists at these.conferencesvshowed only eleven persons attendlng both,
i.e.,_l in 20 at Cornell and 1 in 7 at Uppsala. The past week has brought
tcgether‘many people'from.these two hitherto-rather-separate groups, as well
as others,’the dynamic nucleaf crienters, the ultra low temperature orienters,
 and the:mu~mesic atomisfs, For even the most broadly'informed among us there
was at least one_unfamiliar field to learn about,-and for nuciear apecialists,
'like me, there wasvvery much to learn and better appreciate,
This mixingvof different schools and_tradifions here will hopefully:
contribute to'new.and valuable ideas on all sides.
"Avscientific historian might suppese thet the succession ef technique-

centered conferences by such a conference as this, focussing on an abstract
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;:end—product,_h&perfine'lnteractions?Vmarkea_the_endlof the'phasé-of fashioning”
'i new experimental tools; a settliné-down'to a:nore-comfortahle maturity;_'This:.'
: week has shown such a supposltlon to be far from the truth. - In the’parent ,.: 'p “pi
. conferences of four years ago the technlques were. appl1ed almost exclus1vely ‘_.drﬁ.i;
to rad10act1v1ty. Now the 1nfbeam experlments based on nuclear,reactlons have
come.rn.to greatlyxextend;the,range_of;nuclei arnd phenomenauaccessible to ‘
"study.f,Fluctuatlng‘hyperfinevfields of’tens of megagauss seem present.in'
vwacuumdrecoils—fenoughltopaffect angular correlations-in.picosecond-states
. and'hencevto-probe their g—factors.v-With the inebeam;experiments;have come

‘ neW'problems, hOW'to "hold" the-orientations‘of-reaction products (Do you'uSe

.a whlff of gas or 60- atmospheres 5 a few gauss or tens of kllogauss?) To

~those of us who have despalred over attenuatlon processes kllllng our angular
:_ anlsotroples in nanoseconds or less, the retentlon of polarlzatlon for many
seconds by spln 5/2 F 7-rec01led 1nto a solld is nothlng short of mlraculous.
4 That this was pos51ble makeskus hopeful that-much future progress is to be]'
'éxﬁeéﬁéd:in the productlon and retention of nuclear spin systemsbin‘non-
Beltzmann distributions for extended time periods, though we have much to |
learn about choice of materlals, temperatures, ‘and allgnment of holding flelds
w1th respect to crystalllne axes. The remarkable spin refrlgerator,u81ng Yb
' in yttrium ethyllsulfate serves as an_example of what might come from‘taning

those heasts, the relaxatlon processes, turning them'on and off at will.
_dareful studies of MBssbauer spectral changes forlsmall increments in temper- %
ature have added much to knowledge of relaxatlon times. |
Not only has the cyclotron or Van de Graaff newly appeared, coupled

“to the Mdssbauer spectrometer or angular correlatlon table, but also the
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“r.t. osc1llator has dramatlcally "made the scene". The ferromagnetic enhanCe—

ment effect has prov1ded the maglc for the enormous . f. f1elds at the nucleus

needed_to 1nduce n.m.r. transitions-on a nanosecond time scale. _Th1s same .

Vmagic also made‘possible'resonance destruction of ultraelow—temperature-»

orlented sp1n systems at the very low power levels necessary to avoid heating

the f01ls.v The r.f. method of alterlng spln dlstrlbutlons came 1nto 1ts own

also in the beta emitters as a consequence of learnlng how to hold the polar-

l,izatlon so long.:-

We_have heard reference this week to combinations of technigques as

'”weddings" or'pOlygamous arrangements; Both words are too simple to apply to
- what I fear the future holds--such as r.f. destructlon of polarlzatlon of

. recoil nuclei as detected by a MBssbauer polarimeter. Sorry, I couldn t

work optical pumping into it.

Before we leave the realm of techniquesvwe do well to note that Since

'~:the precedlng conferences, nuclear gamma ray spectroscopy has been revolu-

‘ tlonlzed by the development of the lithium-drifted Ge counter. Many of the

studies here discussed have bénefitted by thls development, perhaps none so

'dramatically as mu-mesic X-ray spectroscopy--a rough game at_best when only

sodium iodide was available. Now, as we have just heard, a new world has

opened up, offering independent measurements of nuclear quadrupole moments

~and r.m.s. charge radius shifts between ground and excited rotational states.

Both of these nmuclear moments, the E2 and EO, are often troublesome to deter-
mine from atomic h.f.s. measurements, since the electric field gradient at

the nucleus and the electron density at the nucleus are hard to calibrate.

Not only do'mu—mesons sample the lowest radial moments felt by atomic electrons
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"but also they sense flner details of the nuclear charge dlstrlbution, s1nce
:rfthe muonic K—orbit in a heavy nucleus lles almost entlrely ins1de the nucleus. v,

v Turning to the status of the theory behlnd hyperflne structure we get i _Ittff

SN LT

simllar stories from the atomic and from the nuclear 81des. The flelds at l’:j,__[
'1;the nucleus or the nuclear moments are calculable for certain cases and not
‘,for others. We have seen that the atomlc Hartree-Fock theory y1elds good

Qnumerical results for magnetic hyperfine fields for 1solated atoms,'although

. the core polarizatlon effects come out as, small differences of . very large

g Vnumbers for spln—up and spin-down electrons in various s~ orbitals. ’For ionic .

-.solids the theory 1s stlll reliable, but for metals or alloys we are told that
"there are many uncertain contributlons.v v :: ) | o
| On the nuclear theory 51de, the magnetlc dipole and electrlc quadrupole
mqmentsvcan be.predlcted withln_lo%.in two:reglons. 1) The singlesclosed
.shellvnuclei, uhere'the sbherical shell model modified‘byrpairing'force
effects works Well and 2) the strongly deformed nuclel, where the Nilsson
.fmodel works. In the other nuclear regions. theory has more - dlfficulty, even'
:for’magnetic moments of mass 12 nuclei, as we.saw.'
'It‘is.important to measure more Ml‘and E2 Static moments of.excited :

' nuclear states, Many theorles can fit energy spectra, but statlc and trans1—

' tioh moments may more cr1tically_test theories. Magnetic- moments, despite

‘ some:renormalization uncertainties:on the intrinsic spinrcontributions, do

_.measureithe microscopic composition of nuclear’states-;that is, they measure
... from whlch orbltals the quasi-partlcle components arlse. The large static

quadrupole moments measured for 2+ states in cadmlum, tln, and other spherlcal

.'nuclel have prov1ded a strong 1mpetus for modlfylng both the v1brat10nal
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models and the microscopic msdels. That is,‘ii.;ppears that the closed proton
structure of tin is nof so ihert as theorists miéht like.v Proton excitations
must evidently be coupled with neutron excitations fog;adequate description
of states of tin. Indeed, wélknow the pairing force acts to make excitation
of closed shell structures leés costly in energy. When we promote a pair
across the shell gap,‘we get gack some energy as pairing energy.

The nuclear side of tﬁe chemical isomer shift problem needs much work.
My own tentative attempts to calculate by microséopic theory the r.m.s charge
radius shifts in a couple of cases gave the wrong sign. Certainly there are
going to be delicate balances between opposite contributions for these small

fects. He it is most exciti to see ystematics of i ic siz
effect Here it is most exciting to s the systematics of iscmeric size

Ia]

shifts emerge from experiments with p mesons and with the M8ssbauer effect.
There is a close connection between r.m.s. charge radii and EO transition
matrix elements to which we hafe been directing theoretical attention lately.
Ultimately the sophisticated Hartree-Focx and Hartree-Bogoliubov nuclear
calculations now centering on light nuclei may be able to calculate isomeric
nuclear size shifts in a fundamental way.

Finally, it seems clear that the nuclear probes are providing much of
value to the understanding of magnetic behavior of solids--a field of
greatest importance.

SincebI am only a nominal member of the Berkeley hosts, being one who
was away for the summer and missed the hard work of preparation for the con-
Terence, I think I can speak as a guest to thank those whose efforts have

is thanks due to Eckart Matthias, who envisicned

This work was performed under the auspices of the U. S. Atomic

Energy Commission.
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