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The Early Work of Walter Greiner {(1960-1968)

Serhan Migien
Department of Theoreical Physics,
Nutzrmal Institute for Nuclenr Physics and Engineering,
P, Brox MG-6, ROCTTIL Bucheresf-Magurele, Romanin

reisdeTi R LR ey RpTE, o

Tl fivst docade of Walter's Greiner scentifle catmr i5 analyzed. 68 s thoespi
of sutdtanding achisvementa in various subjects of thooretical nuelear plyehes
mielear colleetive motion, ond theoary af puckar voactions:

L. Scientific Genealogy

Walter Albin Erbard Greiner steens rom one of the most prodigions selentific
lineages. Ascording 10 the Mathematical Genealogy Project! his genealogic tree
plounges its roots desp into the fertile soil of German eulture and science, No
douht it ean be compared with other German scientific dynnsties such as the
pne starting with Gottfried Letbnig, contioning with Fr. Gunss and Felix Klein,
whiich ‘subsequently ovolves in the modern physics branch {Sommerfeld — Paull -
Hetsenberg - Bethe), contimmmm mochanies hranch (Prandt]l - Timoshenko - von
Karmian), and mathematical physies branch (Hilbort - Cournng - von Mises - Weyl),
The genealogic troe of Walter Greiner, displayed in Fig. 1, starts with Friedrich
ELeibuiz (the fathier of Gottfried Lefbnie) spd includes names that are foreve
engraved in the Pantheon of German cultuce (Georg Lichtenberg), mathematics
{Karl Weiserstrass, Carl Runge), and modern physics {Max Born). The “grand-
father”, Siegiried Fltzze (1912 1947), waa also a remarkablo theoretieal physicist
anid teacher, He published in the thirties influentisl articles on the exploliation
of nuclear energy and during the war, o collabueation with € F. Welsdoker, e
warled on the theoretical bosis of uranium reactors and extended the Bolr-Wheeler
theory on nuclesr Hssion to the transuranie elements® The famous collectlon of
problems in Quantum Mechanbes was first fssued in 1947 and s Walter Greiner re-
called o 19837 this book, known alao as the “Fligee - Manschall™, was an ublquitous
didactic materis] for the Germna post-war generatlons of theoretienl physleists.
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Scientific Genealogy of Walter Greiner
[according Lo tle Mathematics Genealowy Project

Frieedelch Lettmk: — Universitit Leipeig (1622)
Jakob Thimasius — Universitil Leipaiy {164:3]
Otk Mencks — Unbversicie Leipéig (1665
Johann Wichmannshauson — Tniversitit Leipzig | 1685]
Chrstian Hausen — Martin-Luther-Universitit Halle=Wittenbarg {1715}
Kastner Abraham — Universitat Leipzig (1739)

Grorg Lichtenberg — Georg-Augnst-Universitit Gittingen {1765)
Bembhard Thitsut — Georg-August-Universitat Gottingen (17907
Christoph Gueermann — Georg-Auguse-TUniversitiit Gottingen (1523)
Karl Weberstrnld — Westfitlsele Wilkelns-Universitat Mimster (1541]
Carl Bunge — Unlversitil Borlin [ 1R800
Max Born — Georg-August-Tniversitht Cottingen {1 D06)
Sieglried Fligge — Georg-August-Universitit, Gittingen {1935)
Huns Marschall — Humboldt-Universitas =u Berlin (1944)
Walter Gredner — Albert-Lodwigs-Tniversitit Freiborg im Brefsgnu (1961)

Fig. 1. Scenisfic llenge af Walier Greiner, The succeskin froan i pop @ U bisttom of the list
fallion Lthe order *ndviser”—“sudmmi™ | For each mamber of the ot the plas where and year when
the dissertation whs delended s provided.

2. Doktorarbeit in Freiburg im Breisgau

Inn February 1960 Walter Greiner passed the Diphomphysiker-Hauptpeifung | Master
of Seience — Main Examination] st Technische Hochschulle { TH} Durmstadt with
a thesis entitled “Plagmareaktoren”, & work that to the date seams 1o be lost. His
advizor was Otto Seherzer { 1900- 1852, an vutstanding German physteist, student of
Artlil Scunserfeld and pioneer of Electron Optice, who authored in collaboration
with E. Briiche the first book | Geometrische Elekfroneasptos, 1934) in this feld,
nmid Fathered the so-called Scherzer theorem which, norording 1o the Sabel Laureate
Donmis Gabor, groundad the foumdations of Halograply ©

Stimulstid by Hrns Marschall (19151986, whe wiss at the time a Diiitendogont
(sessional lecturer] at TH Darmsiade and Albert-Ludwige Universitit Freiburg,
Greiner moves fn My 1960 to Freibarg with o fellowship offered by the “Studien-
stiftung des Dentechen Volkes™ (Fomdation for Education of the German People).
Threws msorthe biter he married Bérbel Chan.

Starting several vonrs before, Hons Marschall bas been dedicating his oforte to
the theary of muonic atoms; especially the description of p-captuze reactions (ppja,
(dphge, (dd)ie® Dring the fifties be systemnticonlly worked oo problens related to
cherrs distrititions in nuclel and how they are nfioenced By moons; excitation of
nuclei induced by the eapturn proces and diring the atom excitstion vie Anger
and rodiabive trensikions.
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w.1. Nuclear polarvization in muonic atoms. Role of nuclear structure

In bess thisn o vear (Apeil 1961) Walter Greiner. sueceeded 1o complete and subanit
his Dissertation entitled “Die Kernpolatisation in g-Mesostamen”™ [Nuclear Polas-
izition in Muonie Atoms) for the "Erlangung der Doktorwinde” {Attainment of the
Discrorabed,

Muenle ptoms consists esseatially of a simple negative muon g~ bound b o By
cleus due to the electromagnette fnve: In contrast to the opdinary atome, in muonic
stams: the muclesr degrees of freedom determine a serles of interesting propertiss
due to the largs mass difference between muon and dectron. s well becase of
the carresponding difference in scale of siges and energies. One of the effoees nriss
lng from the internal degrees of freedom of the nucless B the maclear polasszation,
which consists in energy shifts of the muon lovels, In bis fivst papor® Walter Grelner
applied the formal theory of nuelear polarization to e mionic 25Ph This wis
previcnsly developed by Cooper and Henbey,® with the difference that Greiner s
glving-up the singleparticle feature of miclei and nstend adopts the macroscopic
{hyiteodynamical) npprosch of Steinwedel and Jensen. ™% Li this picture the musn
lnchuces u relative motion hetwesn the neatron and proton flulds ench that a mod-
ification of the potentinl produced by the necleus takes place. This varmtion of
the potentinl beads to the muon level energy shift, Numerical sstimnticns, pro-
dueed with the help of his younger eollegue Amand Faesslor, alss student of Haoe
Warechall, ghow that the lnclusion of proton fuid small-amplitude oscillations raibe
the hittom of the polactzation potentisl by = 6% amd by using the exact meson
wive-funotions instead of the hydrogen, ane lowers drastically the sojourm proba-
hitity of the muon inside the nuclens. For the Ls stabe in 5Pl gbom he obtained
wshift AFy, = 1 eV, At the end of the paper Grefner noted thut extrapolating the
eotseliEons dravwn from & previous study on naclear polarization in deaterinm, the
singlo-particle contribution in the studied case should not be expectad to exoped
100 eV, Tt i= also ntoresting to note thet the Hydrodynsmical Maodel used by him
in catculating the nuclear polarization in muonic atoms played an important eole in
the model of glant resonances developed together with Danes & fow vears later.

I & subsaguent paper with Hans Marschall be extended this framework in order
te neeamt for the quadripole deformation of the nuclear surface indueed by the
roupn® They estimated Uit the enorgy shift of the Lp state in @ ™=Ph due to the
quadrupale distortion should be = 4 ke, The contsibation bronght by Hets. 5 and 9
wias recogrized in reviews aud Lestbooks on moonic atoms'® ! especially concerning
tha step forwand undergone by Greiner's framework that goes bevond the closure
approxtmackn of Cooper and Henley, by using matrix elements of the perturbation
from mmdear wisve-funetions, In these early publications Waltor Gredner proved

a4 ehanlly @ was Mading wha had Gt the e 1 upply the concept af Jow el blgh proton tids
eeflect o e penicn arbie® owsver bo filod 1o ecouple the proten dmuity Buctuathies to the muon
quartum dynamies in the wmive squatian
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that he was alresdy on the route of beeoming a real master in handling qusntum
problems nvelving srrongly conpbed modes

Other contribations to this domain eoncern: [8) & study oo the reconciliabion
between the exprrimental value for the Bi-P'b epergy difference and the value calen-
Iizeed from electron scattering data by using the single-picrticle sheli-model for the
(& + 1-th proton in the woonic abom g XA and the Ford-Willis wave-functions
fesr mvoa ¥ (3 the effeot of nuelear colloctive motion [rotations, surface oscillations,
glant respnances) in the X-ray spectrum of o ouonle atam !’ These two studies
demnonstrate the prevailance of rotational mecitations on the muon state oumpared
o A and & vibientioms: In Ref, 14 Greiner is for the Gt time contorned with the
e af vaegnm polarization, and be provides an estimte of the sacuumn polari:s-
Hom potentinl for sharp noclear surfaces [n the following veaes and op to the end
of his 1 he will devote continmoes efforts to this snbject,

3. The Rotatlon—Vibration (RV) Model

Tn 1962 together with Amand Fuessber, Greiner published s Inndniack paper,'® which
gives & derndled guantum mechanical treatment of eolloctive nuclear motion derived
Frovmi thie elission] Hamiltonian of s symumiettic rotator with s vibraiing surface. More
procisaly. the Rotation-Vibration (BY) framework sssumes quadrupale distartions
of the muchenr shope with npmplitude small compared to thet of the squllibriom de
formation, An essentis] sssmmption of this model, where cotations and vibrations
are Tully eoupled, eoncerns the hydrodynamics! nature of surface vibrations and
of the inertla mements. The same problem wes treated o few years eardior in the
Soviet Undon by Baswdoy and collaborators in the lowest-order adinbatic approxi-
matbon and only in & fow cazes {see Bef, 16 and roferonces therein), "The merit of the
Fressler- Greiner approach was the oxmet trestmoont of (3, +) vibeations by splitting
the total Hamiltonian in & purely rotationn), s purely vibrational and a coupled
term, 1o the uneoupled case (seroth-order] the energy eigenvalie B ecpressed as
the sum of vibrational and rotationsl energdes, o fiact that provides s convesdent
way to classify verions rotationnl bands that can be built oo the J and ~ vibra-
tions, The effect of the remaimmy termes, describing the coupling between rotations
wnd vibrations, s estimated i the fire-order perturbation theory, For larger spins
[ = 4}, the ratio between the sotationnl and vilratlonal guantum energies coases
far e wery small and an et disgonalization of the total Hamiltopian i necessary,
taking the wave-minctions of the uwocoupberd Hamiltopian as basis states. In the mmsss
rupge 156 < A < 184 the dingemabization procedire applied by Faessler and Greaner
resulted in u fiting ecror penerally loss than 0.4%! OF particular importanes in the
Faegsler- Greiner model wes the treatment of 5 vibrations. They showed that for vie
brations aroaml v g O, the term 05 /7248 1o the Hamiltonian for < vibrations trkes
the form of & cemtrifiugal potential, viz. ~=1/+7, such that & qualitetive distinciion
hetween K = 0 and K @ 0 gates oveoes. Tn other woeds, the centrifiugal repulsion
for the sscond elasg of states shifts the mwerage valee of 4° to pon-vanihing wmioes,



e Eﬂ.‘l'ﬁ- Wiedd r|;||l Wlaltier Clrednor T & ]

this making the gamma vibeationnd hands offectively more trisxial, The power of
thw Faegslor-Graingr femmewark comparad to the predictions of the Bobr-Mottelson
milel Becanse transparent from their first paper {see Flgs. 4 amd b of Rel 15). A
similar eomparative study wes made o year sné & kalf later™ and demonsteated
that the Ed-transitlon probahilities from the states of the s-hend o the states of
the ground =tate Baod are Better deseribed o the BV model than fn thie Davydow
theory. A comprehensive summary of the BV model in deformed nuelsi was glven
in Ref. 18, Hero, the Hanilboninn is dingenalized up to J = 20 and the energies and
weve-functions for varioes states m the ground state, § and 5 bands ave calsalsted,

L sleort theons Refs. 15, 1720 bocame standard references in the lterstare ded-
beated to noclenr collective motion, e Hefa 18, 21-25 and the Framework devel-
oped by Faessler and CGlrenwer is sometimes svoked in the litesaiurs ainder the nnime
of Bolr-Mottelson-Fronkbort model, Even in the rare oceasions when eefticlam was
raized against this model, misinty celated o its lvdrodviomical foendations, o was
stressod the progress achieved in understanding the collective fortire of the nromie
pucleas. ™ As Walter Gredner remembered almost four decades Later about the in-
ovative role played by the BV model developed topather with A, Fassslee®™ =<t
wae the first dynamical selution of the Bobr- Hamiltonian and wp to now also the
only analytical solution [Bobr and Mottelson hnd never solved it; they only tadled
qualitatively abwoot i€ 5"

Otber outstanding contributions of Walter Greiner using the RV framewark
concern the magnetle properties of even nucled, Corlolis anti-pairing and Llocking
offocts, and the octupale vibeations of deformed mucled. Thus, in Hefs. 27-29 be
estahlished n remarkable relatbon between the lowerng of the pg-factors and the
magretic dipole tronsitions, weing the dden thet the proton mosent of inertia s less
thian the neutron moment of Dsertin on accound of uncgual pairing forces. Therefore
thiz disbalance should be reflectad in energies and magnetie transitions. By 2016,
Ref. 29 recedved 152 citations (see for sxample the discossion from Ref. 300 The
blens developed by Grebner and follaborators in these papers wers instrumantal in
the elaboration of the two Haguid drops modol used to dsseribe tho M1 properties of
the rotationnl bands ™

In o very simple picture consisting of a core mnd » j-shell on top of it which
contains sufficiently enough nucleons such that core deformatinms are-engendered.
Gireiner caleolated the collective potentin] enengy up to the fourth order in the
quadrupole moment wsing the quasi-spin formalism and showed that jn order to
describe nucloar deformations one needs to take into account enharmonic terms ™
Analytical formulns for the stréngths of the barmonic, cubie, sod gusetic potest sl
terms wre given ln terms of Che steeigths of shor-range (paiting) and long-range
[quadrupole-quadropole) resddanl internotions, the onmber of nocleans o the §-
shell, thi guasi-spin and the reduesd mateis element of the guadrupole speratoe.

A Ihlrnruuil JETI——— rhi question of the complete andution of the Babr- Mottelson Huomiloo-
minn in given i the monegesghy, 3




14 2, ke

This study sorved for s Inter analysis {in collaboration with Faessler and Shelma|
on the effsts indured b Corlolis anti-pairing and blocking effects in the second-
order ot vl -vibrstionsl Handltonlan 3 This paper s still eited in the Htorature
Il|_|l:|_,.ljl.'l¢".'l:|II

In Hef. 34 he described octupole states as octupoke phunons strongly coupled to
s quiddrapole deformed nuclens in & menmer snalogous to the Nilsson model. The
Hamiltonian splits in cotational, quadrupole and octupole vibrationsl terms, and a
quadrupole—octupole internotion term. Deendes later the interest on ootopok: stales
wis revived especiatly In connection with pear-shaped noclei™ and magnatie eollec-
tive modes ! The E1 mechanism 1o the low-lving negative parlty states suggested
b Dioniner wod Grainer for raresearth oneled wis confirmed experimentally by Gubs
et al. for Hght metinides. ™

4. Washington D.C. and Collaboration with Michael Danos

In 1662 Walter Qrainer crossed the Atlantic and begun one of the most frodtfull
periods in bis carcer, firet as a postdoe and soom afler as an assistant prodisssar &t
the University of Maryland st College Pack, a suburb of Washington DLC. The first
publish] paper, while on American soil, concerns & theme on the elsctromagnetic
sadlatlon of nuckel; i the braking radiatkn produced in proton-ommiron scad-
torini ¥ This work has two impertant results; (1) Grelger and Green pointed out.
that the model dependence of the bremmetrahlung st low enesgies (B, = 10 MeV)
should b amall; £2) the Blech-Nerdsieck transformation was proved for the first
thme for wave-packets aml statlonnry bound states, This paper provided o sunple
tood for the ealeulation of probability mmplitudes of single-particle E1 transitions
betwesn continuum states, It b3 vegrottably that this nace paper was overlooked for
so long, The simple but efftckeat famework proposed by Greiner aml Green can
be peaulily applied to radistive capture reactions involving hale maclef with & single
walenee peutron or proton that are relevane for moedern studies of nnebear wstrophye-
ieal reactiong of the type YZ(n 4412, AZ(p, )" 2 + 1. This model could be
FEE ) u,ppﬁh:'d bo Ulpe sl dipoie miode o halo muelel, Howewer o 1962 the existonos
of a considerable dipole strength in neutron-rich nuclel was not yet kenown.
Acrording to his recollections, pablished n 2000.% while nt College Peck, amd
folleawing 4 geminae ot the Physics Colloquia, Greiner made secunintance to Michacl
(Mike) Dimos who wis st that time s member of the Photomuelesr Duta Center of
ihe US Nationsl Buresy of Standards (presesd NIST)" Thie conter of excellence
wiss cATTVing out & project of significant importance that consisted in the system-
atie coltection of hibliography and data regandlog the interaction of photons with
stomic wuclel,  Dincs, a former stodent of Hans Jensen in Hebdelberg, had al-
ready soquired a worldwides recognition especially for his earfior contributions to the
© eronding o Amnod Faessder, Mickael Dancs vimbed previously Huns Manschall in Freibusg at

fhe simgpearion of Hum Jensen, and i was there he got to kuow Walter Cirelner {rommmnication
taa the aiihar, My 58, 'ﬂl!llr:l
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Iyddredvnamical modal of dipole proton-nentmn cscillations [Giant Dipole Reso-
nance, GDR] where e oxtemded the Steinwedel- Jensen model. Tn 1038 he estab-
lishes] & remarkable relation between the mtio of the two components of the GDR
in afeformed miclei and the ratie of the long and short oxced lengths of the maclear
ellipsaid. The thaoretical description of the GDR splitting in deformed nocbef i fre-
quently veferred to i the literatore s the Dinos - Olamoto model, Their meating
resulted not ooly in what became s life-Jasting [endship but alse in an outburst
of pubilications “one better than the other™ as Wilter Greiner recalled lng after.™
Heturning to Germany, Walter Greiner will send many of his students 1o NBS w0
witk with Michael Danos: M, O, Hubar, H. Arenbivel, D Drechsel, B. Fink, and
F. Rnfelskl

4.1. Dymnamical theary of nuclear collective model

The first pillar of the Gremer-Damos collaboration is the unification of the collective
surface degreos of freedom, as sneoded in the sariler developed rotation-vibration
modal, with giant resoonmee metion. For the first time in the fiterature thowis re-
venled that the strong tnberaction between dipole or quadrupole density incboations
and surfoce degrees of froedom deads to the experinumtally observed substructures
in the giant resonances. Theyr bnid down the foundations of the Dynamical Collee.
tive Model (DCR) theory in Refs. 3840, In this fremework the giant reonsnces
are deseribed within the hydrodypamical model, menticned shove,” which works
ressonably well for medinm and hesyy nnclel. Howover the model devidoped by
Steinwodel and Jensen s & sevions Hmitation, which at thst tioe was oot consid-
ered to be important: though density Auctuations of soparate proton and neutron
fluids are allowed, tho tokal denstty remados eonstant during the oscillation. Danigs
and Greimer admit themselves thit “we noglect this nuclear property,” L ouclear
rompressinility, “and as a cesult ose the states corvesponding to compression wines
tordinary woves )" From the modern perspective the sssumpiion that the sound-
wiwee stote liss ot oomiuch bigher energy than the dipole stete on account of the
moompressibility of nuclear matter le no longer acceptable, Presently {see the dis-
ession mnd erature b Bel, 41) we oo aware of the existence of an isoscalar dipale
resonanee whers the nuckear compresibility plaves a crucial role. Danos aml Grener
pongidered fn the DERM Fromework suclsi having large deformations and, assiming
that rotationnl and vibrations! motion is slow compared to giant sesonance nseillas
tinns (ndiabatic approsimstien ), they ahowed that once quadrmpels vibrations e
included, the mclear ellipsold soguires o dynanic trisxdality and each of the two
principnl peaks i acoompanied by asatallite carrying about 1097 of it strength,
Onee professor In Frankfurt, Greiner wastly extended the DCM fromework. With
Webor wid Huber he published s exhavstive stody in two pares dedicated to the
wpplication of the DOM to spherieal nueled and eompared the resalt of ealenlations
rxperimental datm showing thus thit the structures in the gamma-absorbtion cross.
section e srprisingly well described %% Together with Ligensa®® he operated
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the dvnamic conpling of the ginn guadropole sselllations with the BV modes and
gngle-parthcle motions and obtained sn excellent agreement to the experimental E2
alwmorbthon eross-sections for “He and "Th, They found thet the glant elecir:
guadrupole resonance has five components for these rare earth nucled. The incliston
of hoth dipale snd quadrapole gisnl reonances in DCM was published in the sone
year with another of his Frankhrt students (T, Urbas). ™ A fermulation of s DOM
in the partick-hole framework was operated in Hefs, 46 and 47 While retaining
from the original model the trestment. of surface excitations, the dipole Hamiltoniam
wnel 1 dipole operator from the dipele quadrupole Humiltonisns are roplaced by
correspundding operators in the one partiche-one bole (1p-th) subspace. The new
bnteraction between the giant dipole resosanes and the quadrupaole oscillntions Teads
to calleetlve correlntiones,

Extensive tables of neutron and proton peetial and total escaps widths of varions
dipole states in soveral spherical nnckel were published in Red. 48, They stresssd the
strong dependence of the widths on the angulae mometa of the hole state of the
pnelens and the ensitted particle. A crucial assunption made inthis paper wos that
the egidnal mteraction determines the coupling of the single-particle continuum to
the collective states of the DO

4.2. FEigenchannel model of nuclenr reaclions

T 1965 the main framework 1o endenlate resonant nuclear states was the R-matrlx
method {{oe an serly review see Ref. 49), As we hove eeen above, Greines pd
Danes were foceusing on the ghant resopances and st thet particular time they
were looking to study the exeitation of these modes based on shell-model tech-
nhques. Therefore they proposed o new trentment™ 5 of mucléar reactions, which
shieed sone common features with the Hematrix theory such ps the sopammtion
Froiss thie total Hamiltonian 8 of a shell-model Huniltonian B = 3, hgli), the
diviglon of tiw space into an interosl [(puclens) region and an meternal (scatter-
ing) ome, separated by the so-galled surface channel of rading a; in ¢ach chansd 1
s well ks the disgonalization of H In o truncated set of eigenfunctions of Hge
with the exclusion of sll configurmiions with more than one nocleon in continmnm
clgemstates (Lo, considering anly 1p-1h esteited stutes in the reacting nucked). One
phoubd remind the reader thet in the tradiiiona] R-nstrix foamework, Lhe waws
function in the mternal region & expanded into a set of solutione of hgli) and
withjert 1o wn Arbitrary henndiry condition (BC) at the matching radins {beyom]
which the nuelesr potentind dies out], which has the annoying consequenoe 1t the
wave-function slope e dscontinuons thos entalls a skow convergenes of 1he hasis
s, In it= turn the eigenchanne]l method considers sb  given excitation energy
u pomplete et of scattering states {eigencluinnels}, which disgonalize simmiltanc
ously M and the seattering matrix 5, avoiding thos the wave-function discootinuity
it the ehannel surfses; This sdvantnge over the Remutrix methiod was pdmitted
evem by same of the bitter eriticizers of the new method ™ 1o order to cure this
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unsatisfactory foature, the feamework devised by Danos and Oreiner introduces
ao-called “notnral” BC. insuring this o smeotls transition between the lnsids and
outsici regicns. Instead of choiing an arbitrary BO lke in R-matriy theary, the
vigenchannel procedure gives the BC perameter inoesch channel in terms of the
known foros of the channel radial wave-funetion. A trial value of real dipenpluse §
= nasumed al o given scattering encrgy E and theroloee also the S-matrix Is known
in diagonal form (8 = %), Next, the continuity of the logarithmic derivative at the
matching rading i= imposed In crder to obtain the elgenvalues £y of the complete
Hamilionisn, [f none of Ey s equal to E, the S-matrix s teraterd autil the squality
Ey = E 8 reawhed. The supplementary computer-time roquired by the Danos and
Ureiner method eompared to the stundard R-matrix isvelves the computation and
diggonalization of & N o« Nm dimonsional matrix whers N is the mumber of hasis
states reluined in ench channel and m is the mumber of elgenplases (open -
nels); naturally the time requinsd for this operation fnereases rapidly as the malix
ddimension Increases. After Ave decardes such large-matrices computations are much
easy 10 hindle ind the advantage over the standard R-matrix methods, obtsbned
vin the improved convergence of the seattering wave-fimotion expansion, sades the
eigenchannel method attractive agnin for resonnnt nueclear reaction caleulations,

Applientions of this method have boon published Yy Gretner and collaborators
in the mxt yenrs. In Refs 53 aod 54 the photon absorbtion eross sdetion of 1%
was caleulated and concluded that the broad structures, eg the splitting of the
main peale indicated by the experiment, are largely reproduced within the eigen-
chamnel framework with the incluslon of Ip-1h channels, The fact thet some of the
seoondary peisks and other fine straciures in the ecperimental total cross section
are ot accounted by the theoey was attributad to the absence of 2p-2h and higher
configurations, An extension of the formalism ta describe resonunt nuclear react jons
above the twoe-particle threshald was proposed with Danos in Bef 55 for nuelson
chuanels and with H. J. Webar™ for cluster channels, but no mimerics! npplientions
were gven. A comnprehensive review on the cigenchannel method was poblisied 1o
157357

5. Ordentliche Professor in Frankfurt s Main and Further
Developments in Nuclear Collective Divnamics

lo the susuner of 1964 Waltér Greiner accepted the chair for theoretical physics at
J. W, Goothe University in Frankfurt am Main as full professor. In the first vears he
praesued some of te directions. deseribied previously (sew applications and firther
developraents of the BRVM, eigenchanne] theory and the DOM) but be aso initiated
aewy o, One of the most signilicative of these concerned the nuclear response to
externil electromogootic Gelds. In Rel, 5% he investignted with Danes anid Koly
the role plaved by the miclens orientation with respect 16 the incidant photon sod
electric feld in the smwitation of quadrpole modes.
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He developed together with Hartmuth Arvenhdvel a genoeal formalisen of phe-
tom seattering by oriented muckel and explicit ormalae for the dipols radiation in
terts of orentation were provided in referenes to aligoed Y Ho ol "™ Tt was
conéluded thist the photon: seattering by orisnted nuclel couid be s useful tool for
idlipect obserwation of the tensor poiarizability of noele.

With two of his students. Gotthard Greuss and Ulrich Mosel. he proposed in
1068 & pew trontmwnd ol the collactive nuelaar Handlboninn that is able to daseribe
stmultineously & pure spherical vibrator and o permanently deformed rotator in
the hiiis of the fve-dimensbonal welllatos. ™" Wihile the Faessler-Greioer nusdel
nssrmes bhind Bhie nnchess rotates or vilbeates as a whole aboot an equilibrium defor-
mation and therefore ik not able to deseribe transitional tuelel, the model dubbed
m the Horstorn s Gooes-Greiner I:'Gﬂhi:l In 111:|r|.|!n]|‘:- of dEH:‘:l'ﬂJir.‘l.g &l by pss af
wuclel, the gquadrupole degree of freedom playing the provaillng role in the low-
enetgy propertles of even-even muiclel The maln purpose envisaged by Greiner in
developlng this model was 1o oblain w reliable tool thut allows the cabeulation of
spectrn fnd transition probabilities of an even-even miclens of arbitrary shape, In
il way §E wies pessible bo dedped from experimentally known spectrs the eorre-
sponcling potential energy surface: (with respect to the intrinsic mnelear coordinates
& mnd ), which can be compared with microicopic results that are obtained af-
ter o tedbous calealntions. They emphisized thst o owosber of experinoental
feved segiienioes, whers the enrlier collective models { Bobr-Mottelson, Jean-Wikets,
Dravvidov-Filippoy, BY) failed completaly, conld now be reproduced. A far-reaching
goal of the “five-dimensional oscillator” approach was the caleulation of potentisl
enerpy aurfnoes of nuclel undergoing fiesion. especially in regard to the stability of
superheavies, In the vemrs to come Walter Greiner will dedicate his efforts to this
probilat,

Whersas the BY modd was Dmited to snell-amplitnde oseillations sround the
ground state deformation, the mode] of Goeuss and Greiner explores wide regions of
the quidrispols varlable and comssquantly, anharmonicities in the potentinl energy,
whieh wre ipeluded vp to the sisth order o the qusdrupole coordinste oy, playe
an instrumental rolo {see the review paper of Gneuss and Greiner™ and an up-to-
dnte presentation in Ref. 25). A limitation in the GOM is represented by the large
mumbser of parameters gnd the slow convergence for large deformations due W the
dimgonalistion procedure in spharical bagis: Despite of thet, the model plased o
bistorical rele In the developmont of nuclonr collsetive models, the anhermonivities
in the Jow-lving vibrationsl states receiving for the ficst time in the lterature o frot
FiFw BERE

The GGM was improved with the sipnificative contribution of some of Grelmer's
stndonts (espocially P 0. Hess and J. Merahn, M, Sedwort, L V., Bermms) by -
tending itz Besdhbility to high - eping. This new vorsion, callked the General Cob
lective Model {GCM) or Frankfurt Oollective Model®% comtaine as new features
three terms in the kinetie energy instead of two as in the GGM, and the potential
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energy contains many additional terms of the type s 3™ with2 <n = 6
and 0= m < 4 such thet GOM uses 20 parametens natead af 8 ko o GOM. These
parameters are fixed by fitting the data to low.lying ensegy levels, reduced £2 tran-
sitlon probabilities, and gquadropole momente. Applying the Frankfurt Model to
gotopic chales of P8, Od, W, two minima (ane pralate and one oblste) in the po-
tential energy siurface wore chtnined in several Instances instend of only one Bk in
the GGM. The lsotopes with two minima exhibit o backbending structure in the
wrast band due to the orossing of the lowest bands in the bwn minima.

At the end of the period thet eoncerns this Liographical excourse, the first
papers on the jon-ion potentinls are published " Major themes such as stability
and formution of superheavy nuclel, nwclear molecules, elementary matter in stromg
fields that will attract the actention of Walter Grejmer For the ot decades are
coming kot play wlber this year,

B, Conclusions

‘This contribution wis confined to s limited bot very pralific period of Walter Greiner
schentific career, The large majority of subjects evoked above were ineloded in
his magnum opus on Nuckesr Models ™ Even s, the best mferonce in gaining &
profound understanding of Groiner's work emaln the origmal articles.

Wilter Grélner alwwys tried to convey to his students am] collaborntors, that
they should aveld to fall lo the trap of “Trockene Physik” (dry plysies) and rother
venture. in new and exciting problems whepever possible, This situation s partic-
ularly true in theoretieal miclear physice whore alwave new sublcts are progpted
by mew or foreseenble experments, problems that require dedicacion, asskdulty aml
mtuition in crder to be solved, Walter Greiner possessad rhese skilks,
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