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Chapter 1Introdu
tionNu
lei far from stability have been an interesting and ex
iting �eld for both the-oreti
al and experimental studies for de
ades. Figure 1.1 shows the Segr�e map ofnu
lides in whi
h the most important obje
ts of interest in this work 
an be iden-ti�ed. The line of �-stability 
onsists of about 270 isotopes, whi
h in their groundstate are stable against nu
lear-de
ay modes. More than 2000 unstable isotopes fromthe proton- and neutron-ri
h side of the �-stability line have been studied, inspiringdevelopments of both experimental tools and theoreti
al models. For example, thenu
lear shell stru
ture along the �-stability line has been well studied, but the shellstru
ture in drip-line nu
lei (i.e. nu
lei for whi
h the parti
le separation energy isequal to zero) is still unknown, and hen
e it is of great interest. An idea for existen
eof islands of stability was expressed some de
ades ago and people have always beentrying to rea
h more and more \exoti
" nu
lear systems in terms of either synthe-sis of super-heavy elements, or produ
ing nu
lei with large ex
ess or de�
ien
y ofneutrons towards the nu
lear drip lines. During years of resear
h questions arisesu
h as: What is the shell stru
ture for nu
lei far from the �-stability line? Are themagi
 numbers there still the same? Do our models still work and how good 
anthey interpret the experimental observables?In Figure 1.1 78Ni, 132Sn, and 208Pb nu
lei are marked. They are doubly magi
nu
lei, and are well bound, hen
e spheri
al in their ground states. They play animportant role in the nu
lear stru
ture resear
h. Studying nu
lei in their 
lose neigh-borhood, whi
h have only a few valen
e parti
les or holes outside the 
losed shells,is an eÆ
ient probe into the general features of the nu
lear many-body systems. Forexample, one may test the parti
le-hole or proton-neutron intera
tions, the parti
le-
ore polarization and ex
itation modes, nu
lear deformations. It is 
onvenient to
ompare the di�erent sets of doubly magi
 nu
lei and their surrounding nu
lei inorder to explore the 
hange in nu
lear stru
ture when di�erent orbitals are o

upiedand di�erent shells are �lled. It has been shown that some similarities exist betweenthe 208Pb and 132Sn regions. Blomqvist [1℄ and later Leander et al. [2℄ have shownthat every (n; l; j) single-parti
le state in the 132Sn region has a (n; l + 1; j + 1)
ounterpart in the 208Pb region, with 
orresponding ordering and energy spa
ing.Omtvedt et al. [3℄ provide experimental data whi
h prove that the residual intera
-tions and the quadrupole properties of the two regions are rather similar. The E21



Figure 1.1: The Segr�e map of the nu
lides.e�e
tive 
harges are essentially equal. However, the negative-parity 
olle
tive statesin 132Sn are mu
h higher in ex
itation energy than in 208Pb. Thus, the o
tupoleproperties of the two regions may di�er signi�
antly.208Pb is the heaviest doubly magi
 nu
lear system whi
h 
ould be studied sofar. It is a stable, and the most abundant Pb isotope. 78Ni and 132Sn are lightersystems, but their experimental study is more diÆ
ult be
ause of their larger neutronex
ess. This is illustrated In Figure 1.2. 132Sn has eight neutrons in addition to itsheaviest stable isotope 124Sn. The situation is even more diÆ
ult for 78Ni, where thisnumber is 14. The neutron-separation energy drops with the neutron ex
ess, andthis implies te
hni
al diÆ
ulties in the produ
tion of neutron-ri
h nu
lei. Re
ently,with the development of the radioa
tive nu
lear beams (RNB) it be
ame possibleto explore more and more exoti
 nu
lei far from the line of beta stability produ
edin relativisti
 heavy ion rea
tions [4, 5℄. The experimental study of isomeri
 statesin the 132Sn region applying RNBs forms the major part of this li
entiate work. Inaddition, so-
alled K-isomers (see Se
. 2.2) have been investigated.
2
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Figure 1.2: Comparison of the lo
ation of the three doubly magi
 nu
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) relative to the line of �-stability. The large neutron ex
ess of132Sn and 78Ni implies experimental diÆ
ulties due to low produ
tion 
ross se
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Chapter 2Physi
s of the neutron-ri
h nu
leiand theoreti
al predi
tionsLet us fo
us on the very neutron-ri
h side of the nu
lidi
 
hart, whi
h is the subje
tof the present study. The neutron-drip line is experimentally known only fromhydrogen (Z = 1) up to oxygen (Z = 8). In the neutron-ri
h isotopes of the lightnu
lides the so-
alled halo phenomenon exists. The halo is formed by the looselybound neutrons surrounding the 
ore. The weak binding allows to distribute nu
learmatter in regions not allowed 
lassi
ally. Thus halo nu
lei are 
hara
terized by verylarge radii. Se
ondly, they are very di�use and their properties are greatly dominatedby surfa
e e�e
ts. Halo phenomena are the subje
t of study of many experimentaland theoreti
al groups.In heavier neutron-ri
h systems the weak neutron binding implies the existen
eof a 'neutron skin' (i.e., a dramati
 ex
ess of neutrons at large distan
es). Theexisten
e of a neutron skin may lead to new vibrational modes in whi
h, for example,the neutron skin os
illates out of phase with a well-bound proton-neutron 
ore [6℄.In those nu
lei we 
an have the opportunity to study in the laboratory nearly pureneutron matter.With in
reasing the neutron number other e�e
ts start to play a role due to thede
reasing neutron separation energy. Mean �eld 
al
ulations of the spheri
al single-parti
le levels by Doba
zewski et al. [7℄, using Hartree-Fo
k (HF) and Hartree-Fo
k-Bogoliubov (HFB) models with Skyrme-type SkP intera
tions, predi
t a dramati
de
rease of the N = 82 shell gap near the neutron-drip line. A quen
hing of the shelle�e
ts at the neutron-drip line is expe
ted only in the systems with N � 82. Later
al
ulations by Werner et al. [8℄ predi
t the N = 82 shell gap to be 
onsiderablyredu
ed for Z = 46. Weakening of shell e�e
ts with neutron number manifestsitself in the behavior of two-neutron separation energies. On the other hand HFB
al
ulations with other standard Skyrme-for
e parameterizations su
h as SIII andSkM [9℄ show strong shell 
losures. Possible explanation of this fa
t is the lowe�e
tive mass in these for
es [10℄. Thus di�erent models have di�erent predi
tionsnot only about the shell quen
hing but also about the lo
ation of the neutron-dripline. 4



2.1 The 132Sn regionThe sti�ness of the doubly-magi
 
ore of 132Sn has been dis
ussed in [1, 11℄. The
ore ex
itation of 132Sn itself is studied in details and it is very well known. Asummary of the 
urrent experimental information is done in the work by Fogelberget al. [12℄, and no new experimental information has been added re
ently. The�rst ex
ited state in 132Sn is at 4.0 MeV, whi
h suggests that the single-parti
lestates in the surrounding nu
lei should be rather pure. The simplest ex
itations indoubly-magi
 and in the neighboring nu
lei are parti
le-hole ex
itations. The p-hstates of these nu
lei form level multiplets where the individual states often havea very simple stru
ture with regards to admixture of 
on�gurations. The mappingand identi�
ation of su
h multiplets may give immediate information on the nu
leartwo-body matrix elements and single-parti
le energies, whi
h are 
ru
ial elementsin any theoreti
al model. Almost all single parti
le (hole) energies in the regionhave been measured as summarized by Grawe and Lewitowi
z [13℄. A number ofempiri
al two-parti
le, two-hole, and parti
le-hole multiplets have been identi�ed aswell. The 
oupling of valen
e parti
les and holes often gives rise to isomeri
 stateswith moderate spin and with lifetimes in the mi
rose
ond regime. This o�ers a goodpossibility for spe
tros
opy of the de
ay of the 
-
as
ade below the isomer.Now it is interesting to extend the knowledge to more neutron-ri
h nu
lei andnu
lei with more valen
e parti
les outside the doubly-magi
 
ore to investigate theonset of deformation and development of 
olle
tivity. A 
hallenging experiment isthe systemati
 study of the N = 82 isotones below Z = 50 towards the nu
lei forwhi
h the shell quen
hing was predi
ted. Unfortunately, as already stated earlierthe more exoti
 the system is, the more diÆ
ult the experiment is.2.2 K-isomers in the Hf/W/Os regionIn the A � 170 � 190 rare-earth nu
lei a spe
i�
 type of isomerism o

urs, origi-nating from valen
e parti
les o

upying high-j orbitals with a large proje
tion 
jof the angular momentum on the nu
lear symmetry axis. These nu
lei are axiallysymmetri
. Therefore, the 
olle
tive rotation R takes pla
e about the short axis,perpendi
ular to the symmetry axis, and the 
olle
tive angular momentum is thuszero along the symmetry axis. The 
oupling of the single-parti
le angular momentais shown in Fig. 2.1. The proje
tion of the total angular momentum on the sym-metry axis is I3 = K + R = K, where K is built by the single parti
le momenta
j, K = Pj 
j, and is a 
onstant of motion (i.e. it is a good quantum number
hara
terizing the system). The de
ay of su
h a high-K states to low-K rotationalstates is often hindered due to the large di�eren
e �K. The only way su
h high-Kstates 
an de
ay is via large alternation of the orientation of the total angular mo-mentum, whi
h is forbidden via low multipolarity transitions if the K proje
tion isa good quantum number. Thus, su
h states be
ome long-lived, i.e. isomeri
. Thehindran
e fa
tor grows exponentially with the degree of K-forbiddenness, �K � �[14℄, where � is the multipolarity of the transition.5



The observation of isomeri
 de
ay by K forbidden transitions implies that theremust be some mixing of K values. Suggestions for the me
hanism of \K-mixing"in
lude Coriolis mixing, and 
-deformation tunneling [15℄. Coriolis mixing arisesbe
ause a rotating nu
leus is not an inertial frame of referen
e, and the orientation ofa nu
leon's orbit is modi�ed by the rotation of the nu
leus. The 
-tunneling involvesshape 
u
tuations where the deformation of the nu
leus 
hanges from prolate shape(
 = �120Æ) to prolate shape (
 = 0Æ) through the intermediate oblate (
 = �60Æ)shape.K-mixing raises the question of the limits of K-forbiddenness and the limits oftheK-isomerism. It has been predi
ted that this region will extend into the neutron-ri
h Hf/W/Os region with A � 180� 200 [16, 17℄. These nu
lei are expe
ted to betriaxially deformed (i.e. the size of the nu
leus along all three axis is di�erent), andthe isomers are expe
ted to have shorter lifetimes.
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 feature of deformed nu
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tive angular momentum along the symmetry axis is zero,and the proje
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Chapter 3Experimental te
hniqueDepending on whi
h part of the nu
lidi
 
hart and what parameters of the nu
leione wants to study, di�erent produ
tion me
hanisms 
an be applied. For the spe
-tros
opy of proton-ri
h and stable nu
lei the most suitable method is a heavy-ionfusion evaporation rea
tion. In this rea
tion nu
lei are produ
ed in ex
ited stateswith relatively high angular momenta and ex
itation energies [18℄. In proje
tilefragmentation the maximum yields and produ
tion 
ross se
tions are along the �-stability line, but this type of rea
tion populates also proton-ri
h as well as neutron-ri
h nu
lei. Nu
lear �ssion is the most suitable method for produ
ing neutron-ri
hnu
lei. This work is fo
used on 
-ray spe
tros
opy of isomer de
ays of neutron-ri
hnu
lei, produ
ed in proje
tile fragmentation and in-
ight �ssion. The following twose
tions of the 
hapter will give more detailed explanation of the two produ
tionme
hanisms.3.1 Proje
tile fragmentationWhen a heavy proje
tile, a

elerated to energies mu
h above the Coulomb bar-rier, intera
ts with a target nu
leus, the probability for a fragmentation rea
tionis very high. Depending on the a
tual energy of the bombarding ions and on theimpa
t parameter, several di�erent regimes are possible. At low energies (E=u < 20MeV/nu
leon) there are several me
hanisms 
ontributing to the rea
tion, in
ludingCoulomb s
attering, in
omplete fusion, and fusion evaporation rea
tion [19℄. Rea
-tions o

urring at mu
h higher energies (E=u > 200 MeV/nu
leon) are 
onsideredto be \pure" fragmentation [20℄. In this energy regime depending on the impa
tparameter we 
an have proje
tile fragmentation in the 
ase of peripheral 
ollisions,and multifragmentation takes pla
e in the 
ase of a 
entral 
ollisions. The \pure"proje
tile fragmentation is a two step pro
ess as dis
ussed in [20℄.Figure 3.1 shows a s
hemati
 view of the two-step rea
tion. In the peripheral
ollisions between the bombarding heavy ion and the target nu
leus, the nu
leons inthe overlapping area (\parti
ipants") be
ome very hot and ex
ited nu
lear matter,whi
h is almost immediately abraded o�. This is a very fast pro
ess whi
h o

urswithin 10�21s. The remaining part of the proje
tile (\spe
tator") undergoes statisti-
al evaporation (also known as \ablation") of parti
les and light 
lusters, after whi
h7



we observe the �nal produ
ts of the rea
tion. This step takes about 10�16 s. Themomenta (or velo
ity) of the �nal produ
ts is very similar to those of the proje
tile.Due to the high energy involved in the 
ollision we 
an have a rather extensive rangeof the mass of the �nal observed produ
ts. Therefore it is suitable for spe
tros
opyof both proton- and neutron-ri
h nu
lei.

Figure 3.1: Proje
tile fragmentation at relativisti
 energies (E > 200 MeV/u, � >0.7). The �nal observed fragment has momentum very similar to the one of theproje
tile.3.2 In-
ight �ssionThe best method to produ
e (very) neutron-ri
h nu
lei is nu
lear �ssion. In thiswork the so-
alled in-
ight or proje
tile �ssion of heavy-ions at relativisti
 energieshas been used. In this rea
tion the heavy ion (for example 238U) is a

eleratedto relativisti
 energy. The target nu
leus 
an be light (e.g. 9Be) or heavy (e.g.208Pb), indu
ing �ssion by peripheral nu
lear intera
tions for the U/Be system, orby disso
iation in the ele
tro-magneti
 �eld for the U/Pb system [21℄.The proje
tile splits into two relatively 
old fragments, whi
h are emitted in op-posite dire
tions from ea
h other in the referen
e system of the �ssioning nu
leus(Figure 3.2). The produ
ts are isotropi
ally distributed in a sphere. In the labo-ratory frame the distribution transforms into a narrow 
one 
entered in the beamdire
tion. The pro
ess is shown s
hemati
ally in Figure 3.3. The velo
ity of the�ssion fragments in the laboratory frame is the relativisti
 addition of proje
tile and�ssion velo
ities �0 and �F . Thus, the forward 
ying fragments get an additional'ki
k' in momentum. In that sense the proje
tile �ssion is an exothermal rea
tionfor the produ
ts distributed in the forward semi-sphere with respe
t to the beamdire
tion. The relativisti
 
hara
ter of the pro
ess has a great advantage 
omparedto the �ssion at rest. It allows the use of spe
trometer for extra
tion of a se
ondarybeam as explained in se
tion 3.3, and identi�
ation of the rea
tion produ
ts event8
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Figure 3.2: Proje
tile �ssion at relativisti
 energies (E > 500 MeV/u, � > 0.8). Thetwo �ssion fragments are relatively 
old, and are emitted in a forward and ba
kwarddire
tion in the referen
e system of the proje
tile.by event, as dis
ussed in se
t. 4.1. Unfortunately, due to the limited a

eptan
e ofthe spe
trometer, not all rea
tion produ
ts 
an be transmitted and studied simul-taneously. The opening angle of the 
one is about �30 mrad, and the a

eptan
eangle of the spe
trometer is �15 mrad.

Figure 3.3: Momentum distribution of the relativisti
 �ssion fragments in the labo-ratory system. The part of the distribution a

epted by the separator is indi
atedby the �lled areas.In his Ph.D. thesis Engelmann [22℄ investigates the rea
tion kinemati
s and showsthat there is a gain fa
tor with respe
t to the �ssion at rest: the high velo
ity of the�ssioning proje
tile nu
leus (� 83% of the speed of light for a primary beam withE = 750 MeV/u) leads to an optimal transmission for those fragments, 
ying in9



either forward or ba
kward dire
tion with respe
t to the beam. This means that forequal �ssion rates one 
an observe nu
lei produ
ed with 
ross se
tions up to threeorders of magnitude smaller than the one we 
an observe with �ssion at rest.3.3 Separation of the rea
tion produ
ts - the FRSIn both types of produ
tion me
hanism des
ribed above up to 103 di�erent isotopesare 
reated in the target due to the high energy involved in the rea
tion. To separateonly the ions whi
h we are interested in (to obtain a pure se
ondary radioa
tivebeam whi
h then 
an be studied), we use a tool 
alled the FRagment Separator(FRS). It is an a
hromati
 magneti
 forward spe
trometer [23℄. Heavy-ion beamswith magneti
 rigidities from 5 to 18 Tm 
an be analyzed by the devi
e. Figure3.4 shows the main parts of whi
h the FRS 
onsists. There are four 30 deg dipolemagnets determining four independent stages of the spe
trometer and a number ofquadrupole and sextupole magnets providing variable magneti
 �elds up to 1.6 Tesla.The quadrupole magnets before ea
h dipole are designed to a
hieve a high resolvingpower by properly illuminating the �eld volume of the bending magnets. The ion-opti
al 
onditions at the four fo
al planes S1 to S4 are determined by the quadrupolesfollowing ea
h dipole. The fun
tion of the sextupole magnets pla
ed in front ofand behind ea
h dipole is to provide 
orre
tion for se
ond-order abberations. Ase
ondary-ele
tron dete
tor (SEETRAM) pla
ed upstream of the �rst target stationmeasures the beam intensities [24℄. In the target area and at ea
h fo
al plane, two-dimensional grids with gas ampli�
ation and 
urrent readout are used for beamalignment and 
ount rate measurements. The parti
le dete
tion is performed byusing multi-wire proportional 
hambers [25℄ installed at all of the fo
al planes. Pairsof these dete
tors are used for parti
le tra
king to analyze the primary beam orse
ondary radioa
tive beam with respe
t to position, angle, and B� value. Therea
tion takes pla
e in the target, ions are sele
ted by their mass to 
harge ratioA=q in the �rst stage of the separator. In this �rst step about 102 di�erent rea
tionprodu
ts are sele
ted. The separation is based on magneti
 analysis 
ombined withenergy losses in matter (B� � �E � B� method). Energy degraders with variablethi
knesses are pla
ed at the di�erent fo
al planes of the separator. To introdu
edi�erent energy loss for the fragments with di�erent momenta a spe
ial wedge-shaped degrader is pla
ed at the 
entral fo
al plane S2. The di�erent atomi
 energyloss of the ions penetrating the degrader provides an additional sele
tion 
riterion.The best spatial separation 
an be obtained with a degrader shape whi
h preservesthe a
hromatism of the spe
trometer. In this way at the �nal fo
al plane S4 weobtain a pure se
ondary beam 
onsisting of the ion for whi
h the separator wastuned and 10-15 neighboring isotopes. This will be 
alled \produ
tion setting" andthe fragment for whi
h the separator has been tuned is referred to as the \settingfragment".Se
ondary beams prepared by the FRS 
an be transferred to other experimentalareas for performing di�erent measurements. For the purpose of isomer 
-ray spe
-tros
opy the beam is stopped at the �nal fo
al plane of the spe
trometer and the10
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 view of the FRagment Separator at GSI. After produ
tionin a target, the ions of interest are sele
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trometer. The 
ight path is 76 m. After passing various dete
tor and degradersystems the sele
ted produ
ts are brought to the �nal fo
al plane where delayed
-ray spe
tros
opy 
an be performed.produ
ts of interest are implanted in an aluminum 
at
her (Fig 3.4 and Fig. 3.5).In both experiments (see Table 3.1) the 
at
her was surrounded by four segmentedgermanium dete
tors of 
lover type [26℄, in whi
h delayed 
-rays emitted by theimplanted ions were dete
ted. 
-rays from the de
ay of any isomeri
 state werere
orded within a 80�s time gate, whi
h was started with the dete
tion of a heavyion. The 
ight path of the ions trough the separator is about 300 to 400 ns, whi
htypi
ally sets a lower limit of about 100 ns for the lifetimes whi
h 
an be studied,but ex
eptions have been observed (se
tion 4.4.2). By using both TDCs and TACs,the timing information from the 
-rays was re
orded in 0 to 8 �s and 0 to 80 �sranges.For a detailed preparation of an experiment at the FRS a Monte Carlo 
ode(MOCADI, [27℄) is used to simulate the opti
s, and the atomi
 and nu
lear inter-a
tion pro
esses in
luding s
attering and se
ondary rea
tions. In order to plan thestopping of the se
ondary beam the energy losses in matter (degraders, dete
tors,air) are 
al
ulated with the 
ode ATIMA. The physi
s pro
esses implemented in theprogram are dis
ussed in Ref. [28℄. Copper slits 
an be used to me
hani
ally redu
ethe beam 
ount rate if it is ne
essary, or to prevent the penetration of the primarybeam through the separator.To 
alibrate all dete
tors involved in the identi�
ation pro
edure a set of mea-surements with the primary beam through the separator at low intensity and withdi�erent energies is done before ea
h produ
tion run. This pro
edure has anotherpurpose as well, namely to �ne-tune the separator and the ion opti
s by monitoringthe 
entering of the beam and the angle of the beam at ea
h fo
al point. This is11



monitored by a system of 
urrent grids, plus multi-wire position-sensitive dete
torsmeasuring the beam position at the points of interest.

Figure 3.5: Photo of the �nal fo
al plane of the separator. The aluminum Z-shaped
at
her of thi
kness 4-6 mm is surrounded by Ge 
lover dete
tors.3.4 ExperimentsThe thesis is based on two experiments performed at the FRagment Separator (FRS)at GSI, Darmstadt using the te
hnique des
ribed above. In April 1999 we usedproje
tile-fragmentation of 208Pb at 1 GeV/u to produ
e neutron-ri
h K-isomers.In De
ember 1999 we studied neutron-ri
h nu
lei in the 132Sn region produ
ed inproje
tile-�ssion of 238U at the energy of 750 MeV/u. Table 3.1 summarizes somete
hni
al details about the experiments.Table 3.1: Te
hni
al data about the experimentsBeam Energy Target Rea
tion Isomer sear
h in208Pb 1000 MeV/u 1.6 g/
m2 9Be proje
tile fragmentation n-ri
h Hf/Os/W238U 750 MeV/u 1.0 g/
m2 9Be proje
tile �ssion vi
inity of 132Sn12



Chapter 4Analysis and results
4.1 Identi�
ation of the rea
tion produ
tsThe identi�
ation of the rea
tion produ
ts is done in the se
ond stage of the sep-arator. It is based on measurements of time-of-
ight and energy loss, 
ombinedwith information from position-sensitive dete
tors and the magneti
 �elds of theseparator dipole magnets.The time-of-
ight (TOF) of the fragments is measured with plasti
 s
intillatorsSC21 and SC41, pla
ed at the middle fo
al plane after the S2 degrader, and at the�nal fo
al plane S4 after the va
uum window of the last magnet (
f. Figure 3.4).Normally the position tra
king is done with the multi-wire proportional 
ounters,but the s
intillators 
an be used for position measurements in the horizontal dire
tionas well. The position information from the s
intillators is obtained from the timedi�eren
e between signals from the left and right readout of the dete
tor.The velo
ity v of ea
h ion is 
al
ulated from the TOF and the 
ight path. Po-sition tra
king is very important not only for the purpose of using the spatial sep-aration of the ions, but to a
hieve the proper geometri
al 
orre
tions to the TOF- respe
tively velo
ity, and to the magneti
 rigidity of the se
ond stage, B�2. TheB�2 
an be 
al
ulated from the expression:B�2 = B�0(1� x4�V2x2D2 ) , (4.1.1)where B�0 is the magneti
 rigidity of parti
les at the ion-opti
al axis. V2 andD2 are properties of the ion opti
s of the FRS se
ond stage, namely magni�
ationand dispersion. x2 and x4 are the positions of the ion in the x-dire
tion at theintermediate and the �nal fo
al planes respe
tively.Combining the velo
ity and B�2 information we 
an de�ne the mass-to-
hargeratio A=q for ea
h fragment via the expression:A=q = eu
 B�2�
 , (4.1.2)where e is the elementary 
harge, u is the atomi
 mass unit, � = v=
 is theratio of the velo
ity of the ion to the speed of light, and 
 is the Lorentz fa
tor13



(
 = 1= p1� �2). The proton number Z of ea
h ion 
an be estimated under theassumption:�E = Z2f(�), (4.1.3)where the energy loss �E is measured in a MUltiple-Sampling Ionization Cham-ber (MUSIC) [29℄. The fun
tion f whi
h depends on the ion velo
ity is dedu
edfrom the primary beam 
alibration measurements. Figure 4.1 shows the �E spe
-trum measured during the 131Sn produ
tion setting from the 238U �ssion experiment.When analyzing only the fully stripped ions (i.e., ions whi
h did not 
hange their
harge state) the following relation is valid:Aq = AZ , (4.1.4)With the help of this information parti
le identi�
ation in terms of A, Z, andposition is a
hieved on an event-by-event basis for ea
h ion. In addition, we have datafrom whi
h we 
an estimate the transmission losses, a problem whi
h is dis
ussedin the following Se
tion 4.2. In Figures 4.2 and 4.3 examples of identi�
ation mapsare given.
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Figure 4.1: Energy loss measurement in the MUSIC dete
tor for all fragments rea
h-ing the �nal fo
al plane of the separator in the 134Sn setting (238U �ssion experi-ment). A small fra
tion of light �ssion fragments is also being transmitted but laterex
luded in the analysis.
14



47

48

49

50

51

52

53

2.6 2.62 2.64 2.66 2.68 2.7 2.72 2.74 2.76

10
-1

1

10

A/q

P
ro

to
n 

nu
m

be
r 

Z

Cd

In

Sn

Sb

Te

Figure 4.2: Identi�
ation plot from the 134Sn setting in the 238U �ssion run. Theproton number Z is plotted versus the mass-to-
harge ratio A/q for fragments rea
h-ing the �nal fo
al plane of the separator during the setting for 134Sn. Ea
h grouprepresents a di�erent isotope. For ea
h Z several isotopes 
an be identi�ed.
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Figure 4.3: Events from the same setting as in Fig. 4.2 with Z sele
tion, presentedin di�erent 
oordinates. The X position of the fragments at the �nal fo
us is plottedversus the mass to 
harge ratio A=q. The Z=50 group is sele
ted and better massseparation is a
hieved.4.2 Transmission and lossesThere are several fa
tors whi
h a�e
t the transmission of the rea
tion produ
tsthrough the separator. First of all, one should distinguish the term opti
al transmis-15



sion, Topt, from the total transmission, Ttot. The �rst is a measure of the eÆ
ien
yof the ion-opti
s to transmit and fo
us the beam without losing parti
les in thepro
ess. The total transmission in
ludes additional pro
esses su
h as nu
lear ab-sorption, 
hanges of 
harge states, and se
ondary rea
tions. The total transmissionthrough the separator is typi
ally � 50% for fragmentation and � 2% for �ssionprodu
ts. The se
ond pro
ess has a mu
h lower transmission due to the spe
i�
kinemati
s of the in-
ight �ssion rea
tion (Chapter 3.2).When passing di�erent materials, or already in the target, some produ
ts may
hange their 
harge state q. Thus we 
an transmit simultaneously fully stripped,H-like, and He-like 
harge states of the ions. To redu
e the number of the fragmentswhi
h 
hange q by pi
king up an ele
tron, a niobium stripping foil 
an be pla
edafter the target, and after ea
h degrader. This problem is espe
ially important forheavy fragments (Z > 50), as in the 
ase of the K-isomer study. This 
ould leadto misidenti�
ation. However, there are methods to solve this problem. Ions whi
hhave 
hanged their 
harge state 
annot be spatially separated from the ones whi
hhave kept their 
harge state, but 
an be separated in the A=q spa
e in the se
ondstage of the spe
trometer. In Figure 4.4 the separation of the di�erent groups isillustrated. Three groups of ions 
an be 
learly seen in (a) - those whi
h have not
hanged their 
harge state (�q = 0), those whi
h have 
hanged it with one unit(�q = 1), and with two units (�q = 2). The �rst group predominantly 
orresponds

Figure 4.4: All fragments rea
hing the 
entral fo
al plane of the separator. Theevents whi
h have 
hanged their 
harge state 
an be separated in the A=q spa
e.Plot (a) is from 19174 W produ
tion setting in the 208Pb fragmentation run, and plot (b)represents all fragments from the 13150 Sn setting during the 238U �ssion experiment.to fully stripped ions, to some extent 
ontaminated by some H-like ions and withnegligible 
ontribution from He-like ions. The se
ond group 
onsists mainly of ions16



whi
h have pi
ked up an ele
tron at the intermediate fo
us. In Figure 4.4 panel(b) 
an be seen that this problem was 
ompletely negligible for lighter Z produ
ts.Indeed, 99% of the Sn ions were fully stripped from produ
tion to the �nal va
uumwindow of the spe
trometer. The program GLOBAL [30℄, developed at GSI, 
anbe used to 
al
ulate the 
harge states of the primary and se
ondary beams. Its
apability to simulate the real pro
esses has been tested and ex
ellent agreementbetween the 
al
ulated and measured values has been found [31℄.Additional losses in transmission are 
aused by se
ondary rea
tions of the frag-ments in the materials, espe
ially in the thi
k S4 adjustable degrader. It is situatedafter the identi�
ation set-up and, therefore, there is a danger that fragments whi
hhave been identi�ed as 'good fragments' are destroyed before being implanted, butstill set a trigger for 
-dete
tion. Therefore we are using a pair of plasti
 s
intilla-tors pla
ed before and after the S4 degrader to 
ompare the energy released by thefragments in the dete
tors before and after passing the degrader, and suppress 'bad'events (up to 30% for a given isotope). This is illustrated in Figure 4.5.

Figure 4.5: Energy loss in SC41 and SC42 s
intillator dete
tors (
f Fig. 3.4) inarbitrary units. Only 136Sb ions are sele
ted. The group indi
ated by the ellipserepresents ions whi
h have not been destroyed in the S4 degrader.4.3 Delayed 
-ray spe
tros
opyA spe
i�
 part of this experimental method is the slowing down and stopping of these
ondary beam in the pro
ess of implanting in the aluminum 
at
her. This problemis widely being dis
ussed 
urrently in 
onne
tion with the new proje
ts taking pla
eat the GSI fa
ility - namely the \Stopped Beam" part of the RISING proje
t [32℄.17



The velo
ity of the produ
ts after the target is � 80% of the speed of light.In the se
ond stage of the FRS after the S2 degrader v=
 is still � 0:75. In orderto implant the produ
ts of interest in the aluminum 
at
her we use an adjustabledegrader at the S4 �nal fo
al plane for slowing down the ions whi
h is typi
ally 5-7g/
m2 aluminum. The intera
tions of the heavy ions with the degrader material
auses a prompt burst of X-rays and low energy bremsstrahlung 
oming togetherwith the heavy ion. Due to the prompt \
ash" the e�e
tive 
-dete
tion eÆ
ien
y isredu
ed. This e�e
t, whi
h is highly dependent on the Z of the heavy ion, is underinvestigation but 
an be quite signi�
ant.A big advantage of the method is the tagging of 
-rays with a spe
i�
 ion whi
hstrongly redu
es the ba
kground and makes possible studies of very weak 
hannels(< 100 ions per day). In addition this method is very 
onvenient in sear
h for newisomers, be
ause during the 
ight through the separator all the prompt transitionshave de
ayed. If one plots the matrix of the energy of the dete
ted 
-rays from aparti
ular isotope versus the time of their dete
tion (Fig. 4.6), one 
an 
learly seethe pattern of the isomeri
 transition. The advantage of isomer spe
tros
opy is thatthe spe
tra 
an be \
leaned" by requiring the dete
tion of delayed 
-rays asso
iatedwith a given heavy ion. This is illustrated in Figure 4.7. All examples are from the238U �ssion experiment.

Figure 4.6: Energy-time matrix from one of the Clover dete
tors gated by 136Sbions identi�ed in the FRS. The delayed pattern of the 173 keV isomeri
 transitionis 
learly seen.If one makes a 
ut in the time-energy matrix (
f. Fig. 4.6) around a given peakand proje
ts on the time axis the half-life of the 
orresponding transition 
an bemeasured. In Figure 4.8 two examples are presented. A

ording to a 
riterion inRef. [33℄, page 252, if the slope of the measured time spe
trum is 1.5-2.0 times the18



prompt slope, then simple slope �tting gives an a

urate result. The results aresummarized in Table 1 in Paper III.
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Figure 4.7: Gamma-ray spe
tra re
orded in all four Ge-dete
tors during the 134Snprodu
tion run from the 238U �ssion experiment. All events 
olle
ted in the dete
torsare plotted in (a). The ba
kground is strongly redu
ed in (b) by tagging on a sele
tedheavy ion { 136Sb in this 
ase. The prompt burst of low energy bremsstrahlung andX-rays is suppressed by requiring events in delayed 
oin
iden
e with the heavy-ion.
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Figure 4.8: Time distribution 
urves of the (a) 325 keV line from the de
ay of thewell-known I� = 19=2� isomer in 135Te, and (b) the 173 keV line identi�ed in 136Sb.The prompt part of the time distribution has been subtra
ted.4.4 Results4.4.1 The 238U �ssion experimentIn the 238U �ssion experiment we 
overed three produ
tion settings, optimized for131Sn, 134Sn and 130Cd. The �rst setting was aimed for 
alibration of the parti
leidenti�
ation. During this experiment we observed some 35 isotopes in the neutron-ri
h Ag to Te isotopes with neutron numbers varying from 76 to 88. One newisomer was observed in 136Sb (Paper III). In fa
t it was the �rst observation ofan ex
ited state in this isotope, whi
h makes it the most neutron-ri
h Sb isotopefrom whi
h 
-rays have been observed so far. In the last, most exoti
 setting, 136Snand 130Cd were identi�ed with about 1200 and 700 ions implanted in the aluminum20




at
her, respe
tively. No delayed 
-rays 
ould yet be asso
iated with these nu
lei.In addition, we have an indi
ation for the observation of several new isotopes. Theanalysis of the data is still in progress. One important question whi
h is still to beinvestigated is the population of isomeri
 states in the proje
tile �ssion rea
tion.
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Figure 4.9: Part of the nu
lidi
 
hart showing the region 
overed in the 238U �ssionexperiment. All known �s isomers in the region, all isotopes and new isomers ob-served in this experiment are shown on the plot. For all the Cd and Ag isotopes inthe plot, only the ground state has been observed so far. The grey squares represent
andidates for isotopes potentially observed for the �rst time.4.4.2 The 208Pb fragmentation experimentThe results from the neutron-ri
h K-isomer sear
h experiment are summarized inFigure 4.10. During this experiment several produ
tion settings were investigatedand many neutron-ri
h isotopes were identi�ed varying from Tb (Z=65) to Hg(Z=80), with neutron numbers ranging between 100 and 126. There was one settingon the proton-ri
h side as well, 
entered around 14066 Dy. A number of known andnew isomers with lifetimes from nanose
ond to millise
ond ranges were observed,e.g. the K� = 35=2� isomers in 179W [34℄, 175Hf [35℄, and 181Re [36℄. This is thehighest angular momentum observed to be populated in proje
tile fragmentation sofar. The shortest lifetime measured in this experiment, belonging to the K� = 7�isomer in 200Pt, was 14 ns [37℄. This time is mu
h shorter than the 
ight time troughthe separator. Our explanation is that this is due to the primary transition energy21



being less than the K-shell binding energy in platinum (78 keV). Thus the de
ay 
anonly o

ur via ele
tron 
onversion. Hen
e it is only when the ion is implanted in the
at
her that the isomeri
 state 
an be depopulated and attain its natural half-life.A number of new isomers were dis
overed in this experiment and are indi
ated inFigure 4.10. Some new and very neutron-ri
h isotopes were also identi�ed in
luding187;188Ta, 191W, 193;194Re (see Paper I and Ref. [37, 38℄), 
on�rming the work ofReferen
e [39℄.
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Figure 4.10: Part of the nu
lidi
 
hart showing the region whi
h has been 
overed inthe 208Pb fragmentation experiment. The isomers known from before and observedalso in our experiment are marked as well as the new isomers whi
h have beenobserved for the �rst time in this experiment.
4.5 Isomeri
 ratioThe isomeri
 ratio R is by de�nition the ratio between the number of ions whi
hhave been produ
ed in an isomeri
 state, to the total number of ions 
reated in therea
tion per given spe
ies. It is the probability that in the rea
tion a nu
leus isprodu
ed in an isomeri
 state. The population probability of �s isomer in eitherproje
tile fragmentation or in-
ight �ssion is of great importan
e from a rea
tionme
hanism study point of view. The knowledge of this ratio and its dependen
e onthe spin and ex
itation energy of the isomer, will make planning of future experi-ments more expedient and realisti
. The ratio R 
an be determined in the following22



way:R = N isom(t=0)N tot(t=0) , (4.5.1)The s
hemati
 plot in Fig. 4.11 helps to understand the determination pro
edure.
Nγ
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(ID plot)

N
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Figure 4.11: S
hemati
 plot of the FRS.The total number of nu
lei produ
ed in the rea
tion, N tot, and the number of nu-
lei produ
ed in an isomeri
 state, N isom, 
an be determined from the experimentaldata we measure at the �nal fo
al plane S4, if we take in a

ount the transmissionT from the target to S4.N tot(S4) = N tot(t = 0)T(target�S4) , (4.5.2)N isom(S4) = N isom(t = 0)T(target�S4)F , (4.5.3)where F takes into a

ount the in-
ight de
ay.From (4.5.1), (4.5.2) and (4.5.3) we determineR = N isom(S4)T(target�S4)F T(target�S4)N tot(S4) = N isom(S4)FN tot(S4) , (4.5.4)The total number of ions at S4, N tot(S4), we determine from the identi�
ation(ID) plot. The ions in an isomeri
 state we 
an determine from the number of de-te
ted 
-rays N
 at the 
at
herN
(
at
her) = N isom(
at
her)G"
b
P
 , (4.5.5)where "
 is the absolute eÆ
ien
y for dete
ting 
-rays of energy "
, P
 is the
orre
tion fa
tor for e�e
tive eÆ
ien
y, whi
h takes in a

ount the blo
king of thedete
tors during the low energy prompt 
ash, b
 is the bran
hing ratio for 
 transi-tions. G is a 
orre
tion for the �nite time window sele
ted in the analysis pro
edure23



when extra
ting delayed 
-ray spe
trum for the given isomeri
 transition.The number N isom(
at
her) is di�erent from the one we measure, andN isom(
at
her) = N isom(S4)T(S4�
at
her) , (4.5.6)orN isom(S4) = N
(
at
her)T(S4�
at
her)G"
b
P
 , (4.5.7)Combining (4.5.4) and (4.5.7) we obtain for the isomeri
 ratio RR = N
(
at
her)T(S4�
at
her)FG"
b
P
N tot(S4) , (4.5.8)The transmission T(S4�
at
her) 
an be estimated from the MOCADI 
ode [27℄.The fa
tor F is 
al
ulated fromF = exp[�Pi( ln2 (TOF )i
iT qi1=2 )℄ , (4.5.9)where i=1 to 4 are the four stages of the FRS, T qi1=2 are the half-lives of the ionin the 
orresponding 
harge state, and 
 is the Lorentz fa
tor.The 
orre
tion fa
tor G is 
al
ulated from:G = exp[� ln2 t0T1=2 ℄[1� exp[� ln2�tT1=2 ℄℄ , (4.5.10)where t0 and �t are the start of the 
-ray dete
tion and the time window inwhi
h data were 
olle
ted, respe
tively.The determination of the isomeri
 ratio is a very 
ompli
ated pro
edure, whi
hrequires an absolute eÆ
ien
y 
alibration. This is not an easy task 
onsidering thegeometry of the Ge dete
tor set-up and the large size of the beam spot. For thispurpose we have measured 
alibration spe
tra with standard sour
es pla
ed at tendi�erent geometri
al points in the x{dire
tion at the 
at
her. The analysis of theisomeri
 ratios of the 208Pb fragmentation experiment was 
ompleted re
ently andthe results will be submitted for publi
ation [31℄. The analysis of isomeri
 ratiosfrom the 238U �ssion experiment is still in progress.The experimental results 
an be 
ompared with isomeri
 ratios predi
ted bytheoreti
al models. The abrasion-ablation model has been applied [40℄ to des
ribethe distribution of angular momenta populated in proje
tile fragmentation rea
-tions. Using the model distributions the isomeri
 ratio 
an be 
al
ulated underthe extreme simplifying assumption that R is equal to the probability that the �nalrea
tion produ
t is produ
ed with an angular momentum larger than that of the iso-mer. Results of su
h a 
omparison are available in Ref. [41℄, where the experimentalisomeri
 ratios of neutron-ri
h isotopes in the Pb region produ
ed by proje
tile frag-mentation of 238U are shown to be in very good agreement with the ones predi
tedby the model. For the in-
ight �ssion rea
tion, the fragment angular momentumdistribution populated in the rea
tion is still under investigation.24



Chapter 5Dis
ussion
5.1 Neutron-ri
h antimony isotopesFigure 5.1 shows the neutron and proton single-parti
le levels around the N = 82and Z = 50 
losures. The lowest ex
itations for the nu
lei having few valen
eparti
les or holes above or below the 
losures will be determined by the orbitalsavailable for these valen
e parti
les (holes).

2d

1g
5/2

7/2

Figure 5.1: Single-parti
le orbitals for neutrons (�) and protons (�) around theN = 82 and Z = 50 
losures.In nu
lei around 132Sn the 
oupling of the valen
e parti
les and holes o

upying25



relatively high-j orbitals often gives rise to low-spin isomers. One example is theisomer newly identi�ed in 136Sb reported in Paper III.The sti�ness of the 132Sn doubly-magi
 
ore promises that the single-parti
lestates in the surrounding nu
lei should be rather pure. In Paper III we investigatethe development of the shell stru
ture 
omparing the two valen
e parti
le nu
leus134Sb (one proton and one neutron above the doubly-magi
 
ore) with the isotope136Sb, whi
h has four valen
e parti
les. The development of 
olle
tivity and therole of high-j orbitals is dis
ussed when adding a pair of neutrons. We performedshell model 
al
ulations for both 134Sb and 136Sb, using two di�erent approa
hes -namely, the Kuo-Herling shell model (KHSM), and an empiri
al shell model (ESM).Two sets of intera
tions have been used to 
al
ulate the ex
itation energies for thelowest multiplets - �g7=2�f7=2 in 134Sb, and �g7=2�f 37=2 in the 
ase of 136Sb.The results of the 
al
ulations are plotted in Figures 4 and 5 in Paper III. TheKHSM model uses realisti
 two-body matrix-elements from the 208Pb region buts
aled down by A�1=3 in the full Z = 50 to 82 and N = 82 to 126 model spa
ewith mixing. The empiri
al shell-model uses two-body matrix-elements from 210Bi,s
aled from the �h9=2�g9=2 multiplet to the �g7=2�f7=2 multiplet, and f 27=2 two-bodymatrix-elements from 134Sn. Pure 
on�gurations are assumed. Surprisingly, theKHSM and ESM 
al
ulations agree almost perfe
tly, both for 134Sb and for 136Sb.Therefore, in
luding of mixing (KHSM), does not a�e
t strongly the 
al
ulations.This means that if there were other orbitals involved in the lowest ex
itations inthose two nu
lei, their 
ontribution should be very small, i.e., the 
on�gurations arerather pure. The agreement with the experimental data is very good in the 
aseof 134Sb. Sin
e we observe only one 
-ray transition from 136Sb it is diÆ
ult to
ompare the data with the 
al
ulations, but the ground state of I� = 1� predi
tedby both 
al
ulations is in agreement with the ground state spin and parity dedu
edexperimentally by Ho� et al. [42℄.On the other side, the distribution of the level ex
itation energy as a fun
tion ofangular momentum in the lowest multiplets looks very di�erent for the two nu
lei.While for 134Sb the lowest and the highest spin members of the multiplet are lowerin ex
itation energy relative to most of the levels in between, the 
orrespondingstates are lo
ated higher in 136Sb and the level distribution is nearly 
at. This'parabola', whi
h 
attens from 134Sb to its neighbour 136Sb, reminds very mu
hon the behaviour of the lowest multiplets in the 
orresponding 
ounterparts in the208Pb region, 210Bi and 212Bi, dis
ussed by Alexa et al. [43℄. The authors studythe reverse of the energy versus spin parabola as one goes from 210Bi by addingpairs of neutrons and/or protons to 212Bi, 212At, 216At, 216Fr. With and withoutmixing they 
al
ulate the sequen
e of shell-model 
on�gurations in these odd-oddnu
lei. The 
al
ulations without mixing show that the paraboli
 stru
ture reversesas one goes from parti
le-parti
le 
on�gurations to parti
le-hole or hole-parti
le
on�gurations. We expe
t that in the neighbouring odd-odd antimony isotopes withlarger neutron ex
ess, with the in
reasing o

upation of the neutron f7=2 orbital, theparti
le-parti
le proton-neutron intera
tion in 134Sb will 
hange into a parti
le-holeintera
tion in 140Sb, whi
h will invert the parabola distribution via the rather 
atdistribution 
al
ulated for 136Sb. 26



5.2 K-isomers in the A =180-200 mass regionIn the A �180 mass region the nu
lei are deformed and axially symmetri
. There-fore, they are good rotors, i.e. they show 
olle
tive rotational bands with ex
itationenergies proportional to I(I + 1). The isomeri
 state is normally the band head ofa rotational band and the isomer de
ays to a band with lower K. Sin
e many va-len
e parti
les 
ontribute to the 
on�guration of the K-isomeri
 state, it is diÆ
ultto perform shell-model 
al
ulations in an appropriate model spa
e to explain theex
itations in su
h nu
lei.For example, in the 
ase of the newly observed 
-ray 
as
ade in 190W (see Fig. 2 inPaper I) we have performed blo
ked BCS (Bardeen{Cooper{S
hrie�er) 
al
ulationsin the way des
ribed in Ref. [17℄. The quasi-parti
le energies and the strength of thepairing for
e were �tted to known states in the neighbouring 190;191;192Os and 191Renu
lei. The 
al
ulations suggest a low-lying two-quasiparti
le state with K� = 10�and a �[505℄9=2� 
 �[615℄11=2+ Nilsson 
on�guration.An isomer with the same stru
ture has been suggested in the N = 116 isotone192Os. The N = 116 isotones 192Os and 194Pt are well known examples of 
-softnu
lei [44, 45℄. In a simple model, the ratio of the ex
itation energies of the �rst4+ and 2+ states 
an be used to distinguish between an axially symmetri
 deformedrotor (for whi
h the ratio is 3.33), a spheri
al, vibrational nu
leus (the ratio is 2.0),and a 
-soft nu
leus (� 2:5). The dedu
ed ratio of the energies of the 4+ and 2+in 190W is 2.72, whi
h is 
lose to the asymptoti
 limit of 2.5 for a 
-soft nu
leus[46, 47℄.We have also performed 
on�guration-
onstrained potential-energy-surfa
e 
al-
ulations, a

ording to the me
hanism of Ref. [48℄, for the K� = 10� state in 190W.The results, plotted in Fig. 4, Paper I, predi
t almost identi
al shapes for the iso-meri
 state and the ground state, and suggest signi�
ant 
-softness, whi
h is inagreement with the 
on
lusion from the 4+=2+ energy ratio.Further examination of the ratio of the 4+ and 2+ energies in 
omparison withseveral even-even nu
lei in the neighbourhood was done as illustrated in Fig. 5 inPaper I. The experimental data point for 190W deviates strongly from the generaltrend. While the energies of the �rst two ex
ited states of 190W 
an be explained interms of triaxiality, their ratio 
ompared to the systemati
s is not fully understood.The question 
ould be related to a breakdown of the Z = 64 shell gap for N < 78and N > 88 [47, 49℄, and to the possibility of a sub-shell gap for proton number 76proposed by Ma
h [50℄ in a dis
ussion of the alteration of e�e
tive shell gaps in thisneutron-ri
h region.It should, however, be noted that the dis
ussion above is based on the levels
heme presented in Fig. 3, Paper I. The s
heme was 
onstru
ted on the basis of
-ray singles information (the statisti
s did not allow a 

 
oin
iden
e analysis) and
omparisons with neighbouring nu
lei. It is therefore possible that the level ordering
ould be di�erent.
27



Chapter 6Con
lusionsProje
tile fragmentation and in-
ight �ssion of relativisti
 heavy ions are highlysu

essful me
hanisms for produ
ing se
ondary radioa
tive nu
lear beams of exoti
nu
lei. The 
ombination of a fragment separator with a germanium dete
tor arraymounted at the �nal fo
al plane of the spe
trometer is a powerful tool for spe
-tros
opy studies of nu
lear systems at the limits. The separator allows for in-
ightevent-by-event identi�
ation of sele
ted exoti
 ions. In this way previously ina

es-sible areas of the nu
lidi
 
hart have been opened up for 
-ray spe
tros
opy. In twoexperiments performed at the Fragment Separator at GSI, Darmstadt, using thiste
hnique, we sear
hed for isomeri
 states around the doubly-magi
 nu
leus 132Sn,and in the neutron-ri
h Hf/W/Os isotopes. We have found a number of new isomersextending the experimental knowledge towards the neutron-ri
h side of the nu
lidi

hart. Still many questions remain open and from the spe
tros
opi
 informationobtained for neutron-ri
h neighbours of 132Sn, as well as in the Hf/W/Os region it is
lear that further studies of the evolution of low-lying single-parti
le and 
olle
tiveex
itations as a fun
tion of the neutron number is needed.The information from a purely te
hni
al point of view provided from these ex-periments and the experien
e gained in the 
ourse of them is also an importantissue, whi
h is very helpful in the pro
ess of designing and the development of newradioa
tive nu
lear beam fa
ilities.
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