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CONCLUDING REMARKS�R. BrodaNiewodni
za«ski Institute of Nu
lear Physi
sRadzikowskiego 152, 31-342 Cra
ow, Poland(Re
eived January 14, 1999)Centennial of the dis
overy of polonium and radium gave a natural pre-text to start this 
onferen
e with the le
ture on history. This opening wasmade in a very eloquent and vivid way by A.K. Wróblewski, who reviewedfor us dramati
 developments taking pla
e during the �rst three years ofradioa
tivity studies. Probably all of us followed with deep appre
iationthe story on ingenuity, imagination and great intuition, as well as stub-bornness and hard work of Maria Skªodowska Curie and other pioneers wholayed foundation for nu
lear physi
s. After this le
ture probably many ofus thought that it would be very proper to begin any 
onferen
e within our�eld by reminding the related histori
al ba
kground.Yet, standing here on the �fth and last day of the 
onferen
e, I have astrong feeling that it is mu
h more di�
ult to 
on
lude the 
onferen
e ratherthan to start it. Certainly I need some sort of warm-up before entering
on
luding remarks; therefore I shall start atypi
ally by presenting to youone of our re
ently obtained results. A
tually, there are three other reasonswhy I will do it: Firstly, I de
lared earlier that I will show this result duringthe morning panel dis
ussion session. However, this session extended in timeand I noti
ed that I am not the only one who needs a 
up of 
o�ee. I madea 
onta
t with the 
hairman asking him to allow my remarks be presentedafter the 
o�ee break; in all honesty I must admit that this was also myattempt to gain your sympathy. Se
ondly, I was invited to give a regulartalk at this 
onferen
e and only very late the organizers asked me to takeinstead the duty to formulate 
onferen
e 
on
luding remarks. I simply wantto give you an example of what you have missed by this risky de
ision of the
onferen
e organizers. Thirdly, I want to demonstrate to you how bad it iswhen the 
on
luding remarks speaker talks about his own work. Obviouslythis will be a very brief intrusion.� Presented at the International Conferen
e �Nu
lear Physi
s Close to the Barrier�,Warszawa, Poland, June 30�July 4, 1998.(1691)
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Fig. 1. Yrast levels of 137Cs isotope as re
ently established in one-proton deep-inelasti
 transfer rea
tion indi
ated above. Spin-parity assignments are based onquantitative level energy predi
tions from shell model 
al
ulations involving semi-empiri
al intera
tions; the quality of agreement is marked by 
olumn of numbersshowing the 
al
ulated and experimental level energy di�eren
es. Two unassignedstates arise from neutron ex
itation of the 132Sn 
ore.Through many years devoted to study the N = 82 isotones, experimen-tal yrast stru
tures were established in a long series of nu
lei from 132Snto 154Hf. These studies demonstrated how the intera
tion of valen
e pro-tons, that �ll �rst g7=2, d5=2 and then h11=2 orbitals, 
an a

ount for theobserved pattern of ex
itations. Quantitative theoreti
al analysis withinthe shell model allowed to 
onstru
t the 
omplete Hamiltonian involvingsemi-empiri
al intera
tions whi
h reprodu
ed very well the observed exper-imentally level stru
tures and 
ould be subsequently �ne tuned using thein
oming new experimental fa
ts. Of all N = 82 isotones, ranging fromthe very neutron-ri
h to very neutron-de�
ient nu
lei, only the �ve-valen
e



Con
luding Remarks 1693proton 137Cs yrast stru
ture remained unknown; this isotope 
ould not bea

essed in, neither any standard fusion rea
tion, nor in the �ssion produ
tspe
tros
opy. Re
ently we were able to establish the most important yrastlevels of the 137Cs by using the deep-inelasti
 one-proton transfer rea
tiontaking pla
e in 
ollisions of 136Xe proje
tiles with 232Th target nu
lei. Theobtained yrast s
heme, displayed in Fig. 1, is very transparent; it re�e
tsone�to�one 
orresponden
e with theoreti
al shell model predi
tions and, byvirtue of ex
ellent quantitative agreement, illustrates the predi
tive powerof shell model 
al
ulations based on semi-empiri
al intera
tions. With this
ommuni
ation I am ready to enter that part of my talk whi
h is probablymore expe
ted by you and espe
ially by the organizers.When 
ontemplating the 
onferen
e title: �Nu
lear Physi
s Close to theBarrier�, I be
ame almost 
ertain that its double meaning was 
learly in-tended by the 
onferen
e organizers. First, they wanted to underline thattopi
s to be dis
ussed at the meeting relate to low energy nu
lear physi
s,marked by the energy range not far from the Coulomb barrier. Se
ond aimwas to invite our thinking on the present status of nu
lear physi
s � howwe are and how we should be viewed today by the s
ienti�
 
ommunity andby more general publi
.I shall start with few 
omments related to su
h literal understanding ofthe title �Nu
lear Physi
s Close to the Barrier�, whi
h is pi
tured s
hemati-
ally in Fig. 2. For any bran
h of s
ien
e, in order to stay alive and preventdisappearan
e or de
ay, it is ne
essary to preserve safe position within thewell of prosperity. The depth of this well is determined by interplay of fa
-tors whi
h we ourselves 
ontinously a�e
t by our involvment or negligen
e.We may in
rease the depth of this well predominantly by our s
ienti�
 re-sults, some of whi
h o

asionaly should indu
e more general re
ognition.However, our resear
h a
tivity must ne
essarily be a

ompanied by e�ortsto gain publi
 support, to 
are for reasonable funding and to ensure uninter-
recognition
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Fig. 2. Nu
lear Physi
s �
lose to the� barrier



1694 R. Brodarupted �ux of young resear
hers. I think that in spite of many di�
ulties,in spite of unavoidable shifts down on the s
ien
e priority list, the nu
learphysi
s stays today well inside the prosperity well.In 1975, at one of our Zakopane S
hool 
onferen
es, H. Morinaga pro-voked the audien
e by loud de
laration: �Nu
lear physi
s is dying!�. Dis
om-fort shared by many parti
ipants indu
ed lengthy dis
ussion whi
h resultedin organization of a spe
ial session devoted to 
larify this, unusual in thosedays, statement. I do not remember well how Morinaga 
onne
ted this topi
to Confu
ius philosophy, but after extended le
ture on the basi
s of this phi-losophy, he explained 
onvin
ingly what he meant. Namely, he expressed theopinion that any s
ien
e whi
h has a 
learly attributed name is already onthe path of de
line. A series of important dis
overies result in a birth of news
ien
e, whi
h then gets its name and starts to develop detailed knowledge ofless fundamental importan
e. In the pro
ess of detailed studies one opens a
han
e to dete
t new surprising phenomena whi
h may give a birth of a newbran
h of s
ien
e. In nu
lear physi
s most of the fundamental dis
overieswere indeed made in the �rst half of this 
entury; naturally our �eld sin
elong entered the new, probably more di�
ult phase. Yet, I am very mu
h
onvin
ed that it is a very fruitful phase of a mature bran
h of s
ien
e, whi
his far from de
line and stays fully alive. H. Morinaga apparently a

eptedthis view, as he stayed very a
tive for the next quarter of 
entury in nu
learphysi
s resear
h and 
ontinues until today his 
lose 
onta
ts.Let me enumerate these features of nu
lear physi
s whi
h, in my opinion,keep her also today as one of the most attra
tive s
ienti�
 adventures andbright example for other bran
hes of s
ien
e. First of all there is an in
red-ible ri
hness of phenomena whi
h 
an be studied in dedi
ated way. Thisis a

ompanied by 
onstant opening of new problems, sometimes ex
itingpuzzles; theory still very mu
h needs support from the experiment. Thisri
hness is very mu
h re�e
ted by impressive variety of methods and te
h-niques used, as well as 
onstant drive for inventing new tools and buildingnew equipment. Important feature is the exemplary pre
ision and unambi-guity of 
on
lusions, with 
onstant 
ross-
he
king and 
orre
tion of possibleerrors or missinterpretations whi
h are unavoidable in the s
ienti�
 pro
ess.Fruitful 
onta
t with other bran
hes of s
ien
e is very mu
h 
ultivated bynu
lear physi
ists and the prin
iple �take and give� 
an be do
umented bymany examples within our �eld as well as by numerous appli
ations in others
ien
es and more pra
ti
al �elds of human a
tivity. One of the brightestfeatures of nu
lear physi
s is the high edu
ational standard whi
h results in
ontinous output of young, bright and openminded spe
ialists. Signi�
antpart of them make their 
arriers in other �elds, outside nu
lear physi
s andusually we may be very proud of them. Finally, looking at many friendsgathered in this new 
onferen
e room of the Heavy Ion Laboratory of the
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luding Remarks 1695Warsaw University, I have to emphasize very spe
ial human relations whi
hare 
hara
teristi
 for our bran
h of s
ien
e. The 
ommunity of nu
lear physi-
ists is not very large and this possibly helped to develop very broad andintensive international 
ollaboration whi
h involves people from nearly wholeworld. Our bonds, friendships and 
onstant mutual 
ommuni
ation devel-oped, sometimes in very 
lose, sometimes in more distant 
ooperation, oftenin fruitful 
ompetition, should remain our enthusiasti
ally 
ontinued way; es-pe
ially that we remember well how our behaviour in this respe
t pre
ededin time and possibly even 
ontributed to positive politi
al developments ona mu
h broader s
ale.Later, before 
losing, I plan to 
ome ba
k to this 
omments by presentingsome of my personal suggestions on how we all 
an 
ontribute to keep nu
learphysi
s alive. Now I want to demonstrate to you that indeed the 
onferen
eorganizers arranged the s
ienti�
 programme to emphasize features whi
h Iunderlined in this long introdu
tion and whi
h 
ontribute de
isevly to keepsafe position of nu
lear physi
s within the prosperity well; in other words,I want to show you that I have read 
orre
tly the message involved in the
onferen
e title. Let us together make brief ex
ursion ba
k through topi
sdis
ussed during 
onferen
e days; this time with more de�ned title:�Nu
lear Physi
s Close to the Coulomb Barrier�I shall 
ertainly negle
t 
hronology and arrange this ex
ursion to showhow at this 
onferen
e the nu
lear physi
s was displayed with her ri
hnessof problems and phenomena, variety of methods and te
hniques, appearan
eof puzzles, development of new tools, impa
t on other bran
hes of s
ien
eand pra
ti
al appli
ations. Let us then refresh our memory on topi
s whi
hwere dis
ussed:Borders of nu
lear worldMarek Pfützner demonstrated impressive identi�
ation of 117 newneutron-ri
h isotopes, e.g. 78Ni produ
ed with 
ross-se
tion of 0.2 mi
ro-barn, as well as identi�
ation of exoti
ally proton-ri
h 45Fe, 49Ni; all ofthem were produ
ed in fragmentation rea
tions.Matti Leino displayed the ex
ellent sele
tivity of fusion produ
ts a
hievedby the RITU re
oil separator and used for identi�
ation of 202�204Ra iso-topes.Robert Smola«
zuk gave theoreti
al guidan
e in sear
h for super-heavyelements; for experimentalists the usefullnes of this guidan
e is 
ertainlyappre
iated by earlier demonstration of predi
tive power of su
h 
al
ulations.



1696 R. BrodaProperties of weakly-bound nu
leiJa
ek Doba
zewski reviewed the present status of mean-�eld theoreti-
al studies of nu
lei at extreme isospin values and pointed at possibility toobserve new phenomena, e.g. shell quen
hing.Experimental results on de
ay properties and spe
tros
opy of su
h nu-
lei were presented by Kerttuli Hellariutta (176Hg), Ari Jokinen (23Al, 80Zr,108Mo, 110Mo), Andrei Andreyev, Matti Leino, Marek Pfützner (poloniumisotopes) and even unbound nu
leus 11N was dis
ussed by Alinka Lepine--Szily.Spe
tros
opy at the edge of beta stability valleyBogdan Fornal has shown how the previously ina

essible shell modelnu
lei 135Te and 211Po, and the neutron-ri
h nu
lei of sdf shells 
ould bestudied using �ssion and deep-inelasti
 heavy-ion rea
tions.Thomas Haertlein presented detailed study of ba
kbending phenomenonin 160;162Dy isotopes produ
ed by in
omplete fusion rea
tions.Gilles de Fran
e presented the B(E2) mesurements performed with ra-dioa
tive beams at SPIRAL fa
ility.Robert Beraud dis
ussed the study of La isotopes with the IGISOL sep-arator.Nu
lear shapesPeter Butler displayed how pear shapes of Ra isotopes 
ould be stud-ied employing alpha de
ay, CN rea
tions, Coulex and multinu
leon transferrea
tions and dis
ussed the rotation of these o
tupolly deformed nu
lei.Jo
elyne Sauvage presented pre
ise measurements of 
harge radii of nu
leiby high resolution laser spe
tros
opy and dis
ussed triaxial shapes of Ptisotopes.Youri Gangrsky demonstrated how this te
hnique works in the 
ase oflight nu
lei, parti
ularly for Li isotopes.Coulomb ex
itationDouglas Cline gave impressive review of results whi
h 
ould be obtainedby 
ombining large Ge dete
tor array with the CHICO � high resolution4� heavy-ion dete
tor. It involved results of thi
k target spe
tros
opy ex-periments identifying yrast bands up to spin value I = 34 in 240;242;243;244Puand 248Cm isotopes and thin target experiments used for determination ofmatrix elements in various bands of 162Dy. The double o
tupole ex
itationstudied in 96Zr and sear
h for su
h state in 208Pb illustrated further thepower of this te
hnique.



Con
luding Remarks 1697Other results obtained with more traditional te
hniques for CE in 142Ndand 128Xe were presented by Paweª Napiorkowski and Julian Srebrny 
orre-spondingly.Hans Juergen Wollersheim dis
ussed CE experiments with 178Hf; hepointed at unexpe
tedly large population of the 8� K-isomer and demon-strated how a sear
h for states above the 16+ 30y K-isomer was performed.Carlos Dasso 
autioned the Coulomb ex
itation experimentalists by 
on-sidering unsafe Coulex whi
h may 
ontribute even at energies well below theCoulomb barrier.Giant dipole resonan
esMassimo Di Toro reviewed a broad spe
trum of theoreti
al aspe
ts ofGDR used as a probe to study nu
lei under extreme 
onditions.Vladimir Plujko dis
ussed relaxation of fast 
olle
tive motion in hot nu-
lei, and on experimental side:Marta Ki
i«ska-Habior presented in
lusive measurements of GDR widthand angular distributions used to dedu
e information on the deformation;she dis
ussed also the 
ontribution from the bremsstrahlung radiation athigh energies.Adam Maj has shown very promising results from ex
lusive measure-ments of GDR built on super-deformed states in 143Eu. He posed an unre-solved yet question whether the origin of the observed GDR in
rease 
omesfrom the spin or temperature dependen
e.Heavy ion rea
tionsA long series of presented le
tures displayed the 
ontinued interest inthis sub�eld:Vadim Volkov emphasized the similarity of deep-inelasti
 and fusion re-a
tions and 
ame forward with a new 
on
ept based on assumption thatnu
lei preserve their individuality all time until 
ompund nu
leus is formed.He 
laimed that su
h approa
h 
an explain the sub-barrier fusion puzzle.Ettore Gadioli pointed the importan
e of preequilibrium emission on theway towards formation of the 
ompund nu
leus.Andrzej Mar
inkowski presented the analysis of one-step dire
t rea
tions.Sandrine Courtin dis
usssed entran
e 
hannel e�e
ts in the fusion of Niisotopes.Albert Lumbroso pointed at serious di�
ulties and ambiguities involvedin extra
tion of fusion barriers from experiment.
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orso dis
ussed information on the nu
lear periphery whi
hmay be obtained from transfer rea
tions studied at energies near the Coulombbarrier.Christian Be
k presented results of light di-nu
lear systems study andargued that fusion��ssion may o

ur in the 28Si + 28Si resonan
e at L = 38.Dmitry Semkin dis
ussed nu
lear rea
tions taking pla
e in 
ollisions ofproton-drip-line nu
lei.Certainly we heard about some unsolved problems,PuzzlesHugon Karwowski presented high-pre
ision p�d elaasti
 s
attering dataand showed that they 
annot be explained utilizing realisti
 NN potentials� new type long-range 3N for
e might be needed to solve this puzzle.Petr Alexa dis
ussed the, yet unsolved, 180Ta puzzle � why does it notde
ay? how was it produ
ed?New fa
ilitiesTakahisa Itahashi presented the 
ompa
t low-energy, high-
urrent a

el-erator to study the fusion rea
tion 3He(3He,2p)4He at Osaka.Gilles de Fran
e des
ribed new tools for resear
h with radioa
tive beamsfrom SPIRAL at GANIL � the EXOGAM and VAMOS spe
trometers.Dieter Habs displayed the new proje
t of the MAFF � radioa
tive beamfa
iliy whi
h should be able to produ
e high intensity beams.The 
ontribution of nu
ler physi
s to other bran
hes of s
ien
e and ap-pli
ations was illustrated by many speakers throughout all 
onferen
e days:Astrophysi
sPaweª Haensel des
ribed interesting features of the neutron star 
rustwhi
h in the bottom layer, where the proton fra
tion is 4%, should 
ontainextremely neutron-ri
h nu
lei. He underlined the importan
e of this featurefor dynami
s and evolution of NS and stressed that nu
lear stru
ture shoulddisappear at star densities larger than 0.5 of the nu
lear density.Solid state physi
sDoris Forkel-Wirth reviewed nu
lear methods used in 
ondensed mat-ter studies (Moessbauer e�e
t, perturbed angular 
orrelation, beta-nu
learmagneti
 resonan
e, 
hanneling et
.) and pointed that more than 100 ra-dioisotopes are employed in this �eld of s
ien
e.Walter Assman presented the ERDA (elasti
 re
oil dete
tion analysis)te
hnique and showed how thin �lm analysis is able to analyse light andheavy element 
omponents.



Con
luding Remarks 1699Andrzej Turos dis
ussed polygonisation of single 
rystals by ion bom-bardments.Atomi
 physi
sZiemowid Sujkowski reviewed the study of multiple ionization in heavyion�atom 
ollisions.Environmental studiesJorge Fernandez-Niello presented results of atomi
 mass spe
trometryused for determination of the 36Cl/Cl ratio in rainfall.Informati
s, ele
troni
sDezso Novak gave us warning by presenting the results of upset testswhi
h show how radiation may a�e
t events stored in 
omputers.Finally, it is probably most proper to 
lose this list by reminding to youone of the most attra
tive presentations onMedi
al resear
hin whi
h Anne M.J. Paans displayed the power of Positron EmissionTomography in studying fun
tions of human brain.I think it was worthwhile to review this broad programme to appre
iatefully the idea of the 
onferen
e organizers who wanted to show the beautyand ri
hness of nu
lear physi
s 100 years after the fundamental dis
overiesof polonium and radium. I guess we all feel mu
h better now, realising howpriviledged we are being able to parti
ipate dire
tly in this great endeavorof humanity. Let us express our thanks to Jurek Jastrz�bski and TomekCzosnyka, as well as to all friends involved in the Organizing Committee, fortheir thoughtful and fruitful e�ort. However, before inviting you to expressthis thanks with applause, I would like to 
lose in a more a
tive way. Namely,I would like to invite you to 
onsider few inside fa
tors, whi
h possibly mayhelp nu
lear physi
s to stay alive � fa
tors whi
h depend primarily on ourown behaviour. The sele
tion is based on on my very personal experien
eand judgment. I shall list these suggestions related to various aspe
ts of ours
ienti�
 a
tivity without mu
h explanation. I hope that ea
h of us 
riti
ally
onsiders the validity and usefullness of the following advi
es:information � sometimes, for
ed by well known 
ir
umstan
es, wepublish too fast and the quality of publi
ations su�ers � we shouldall 
are for redu
ing the information noise.



1700 R. Brodafashion� some topi
s be
ome arti�
ially fashionable; we should avoidfollowing un
riti
ally the fashion � the variety is one of the strongfeatures of nu
lear physi
s giving the guarantee that in general westay on a right tra
k.beauro
ra
y � keep as limited as reasonably a
hievable.
rowding � whereas in natural and obvious development our resear
hgroup sizes in
rease, we all know that e�
ien
y, personal involvmentand shared responsibility is optimal in small teams. We should redu
ethe 
rowding as mu
h as possible � often the 
ompetition produ
esbetter fruits than expanded 
ollaboration.room for dis
overies � it is unavoidable that we mostly perform verysele
tive, dedi
ated experiments. However the gate for dis
overiesshould be kept open as broadly as possible. In parti
ular membersof various PAC's should o

asionally a

ept proje
ts whi
h are not
ompletely rounded and involve arguments based on intuition.theory � should more often demonstrate the predi
tive power.popularization � anyone who 
an, should 
ontribute.With these very personal remarks I invite you to applaude the OrganizingCommittee of this 
onferen
e, in parti
ular Jurek Jastrz�bski, Tomek Czos-nyka and all 
harming ladies who's great e�ort 
ontributed to the su

ess ofthis meeting.


