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e(Re
eived January 8, 1999)The majority of the large international 
ommunity in nu
lear physi
sis looking towards the use of radioa
tive ion beams to broaden the horizonof our understanding of the physi
s of the nu
leus. In theory, the use ofradioa
tive beams will open a new era in nu
lear physi
s by allowing a

essto new isotopes and by in
reasing the produ
tion rates of nu
lei whi
h 
anpresently only be populated with extremely low 
ross-se
tions or not at all.However the beam intensities as well as the rather low variety of a

eleratedspe
ies will be 
onstraints at least at the start up of the new fa
ilities. Arealisti
 physi
s program at SPIRAL is des
ribed as well as the ne
essaryexperimental tools. These essentially 
onsist in two major devi
es built inthe framework of large european 
ollaborations: the VAMOS spe
trometerand the EXOGAM 
-ray array.PACS numbers: 25.60.�t, 29.30.Kv, 23.50.+z, 23.90.+wThe enthousiasm around the �eld of physi
s with Radioa
tive Ion Beams(RIB) is obvious as illustrated by the number of laboratories developpingsu
h fa
ilities all over the world. In theory, a vast range of nu
lear physi
swill be opened up by using these new possibilities, leading in prin
iple to amajor step in the understanding of the nuleon-nu
leon e�e
tive for
es and,more generally, of nu
lear stru
ture. This is, at least, the statement of allthe so-
alled �white papers� aiming at justifying the physi
s 
ase underlyingRIB fa
ilities.S
ienti�
 motivations of the RIB proje
ts 
over many topi
s su
h as halonu
lei and neutron (n) skins; mass measurements; evolution of the shellstru
ture from symmetri
 to asymmetri
 nu
lear matter; isospin symmetryand 
harge independan
e of the strong for
e; astrophysi
al pro
esses (r- andrp-pro
ess); synthesis of the superheavy elements; exoti
 radioa
tivity; new� Presented at the International Conferen
e �Nu
lear Physi
s Close to the Barrier�,Warszawa, Poland, June 30�July 4, 1998.(1661)
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etype of pairing for
e; test of the standard model;et
. Ea
h of these topi
s isfa
inating in itself and new 
onstraints on various degrees of freedom of theexisting nu
lear models are anti
ipated.However, the beam intensities expe
ted from these future fa
ilities areat least a fa
tor 100 lower than those obtained with stable beams. This willput a severe limit (at the beginning in any 
ase) on possible experiments.Another aspe
t is our poor knowledge and experien
e of handling lowenergy RIB. Ba
kground radiation, for example, will be a major 
on
ern forgamma-ray spe
tros
opy as illustrated in the 
ase of 19Ne [1℄.Last but not least, the various experimental 
onditions whi
h will bemet, will impose drasti
 
onstraints on the design of the future dete
tionsystems. At the same time, their performan
es must be very high in termsof e�
ien
y, signal-to-noise ratio, a

eptan
e, et
.In this talk, I will try to sti
k to reality rather than desires. At the SPI-RAL fa
ility, 
urrently under 
onstru
tion at GANIL, RIB will be availablenext year and a realisti
 physi
s program must be developped, taking intoa

ount beam intensities and spe
ies really available in the next few months.Thus I will talk of some sele
ted topi
s whi
h, I think, are feasible in a nearfuture at GANIL and whi
h will bring new milestones in nu
lear stru
tureunderstanding and modelling. I will also say a few words on two examplesof extremely powerfull tools whi
h will be available soon with stable andRIB: the gamma-ray array EXOGAM and the large a

eptan
e spe
trome-ter VAMOS. 1. Some physi
s with RIBRealisti
 physi
s perspe
tives with RIB start with the minimum statis-ti
s required to determine within �reasonable� error bars an experimentalobservable over a �
ertain ba
kground�. Not only the quantitative aspe
tis important but the qualitative too. In some 
ases, very few 
ounts areenough to measure a quantity (de
ay studies; isotope identi�
ation;et
.) ifthe ba
kground is essentially zero. At the other extreme, many experimentsrequire a very high statisti
s in a peak either to dominate a possibly hugeba
kground or to get a very pre
ise measurement.The lower the 
ross-se
tion, the higher the beam intensity is required.This is illustrated in Fig. 1. Let us assume that for a given experiment,a rea
tion rate of 1 Hz is needed. With a 
ross-se
tion of 1 barn and atarget thi
kness of, let say 1019 atoms 
m�2, then realisti
ally, we need abeam intensity of the order of 105 parti
le per se
ond (pps). This limit of 1Hz (assuming always a target thi
kness of 1019 atoms 
m�2) is indi
ated inFig. 1 as well as the 0.1, 10, and 100 Hz borderlines. The 
ross se
tions ofusual rea
tion me
hanism are generally well known from stable beams.Thedomains for the most 
ommon ones are also roughly indi
ated.
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Fig. 1. Cross-se
tions as a fun
tion of beam intensity. A target thi
kness of 1019atoms 
m�2 is assumed to determine the the 
ounting rates 0.1, 1, 10, and 100 Hz.1.1. RIB todayRIB are already used today by several groups all over the world. Stud-ies of the stru
ture of exoti
 nu
lei have been pioneered by the ISOLDE
ollaboration at CERN where superb results have been obtained, see forinstan
e [2℄. An alternative to the ISOL te
hnique is to fragment a heavyion proje
tile on a target at several tens of MeV per nu
leon and to studythe out
oming spe
ies either after implantation or following a se
ondaryrea
tion.Let me now fo
us on proje
tile fragmentation, 
urrently performed sin
eseveral years at GANIL, MSU, GSI, or RIKEN. The implantation te
hniqueat a �nal fo
us of a spe
trometer has been extensively used sin
e severalyears and lead to a rather 
oherent pi
ture in the understanding of theprodu
tion me
hanism. This method has been applied with a great dealof su

ess to look for new isotopes for example, as spe
ta
ularly illustratedwith the identi�
ation of 100Sn a few years ago [3, 4℄. But it also allowsstudy of nu
lei in ex
ited states when isomeri
 levels are populated in thefragmentation me
hanism. The produ
tion of beams in isomeri
 states inthe proje
tile fragmentation has been measured to be surprisingly high asdis
ussed in [5,6℄ and yield to the identi�
ation of many new isomers [7�9℄.The typi
al examples for se
ondary rea
tion following the proje
tile frag-mentation involve the ele
tromagneti
 intera
tion. The Coulomb disso
ia-tion of loosely bound nu
leons (e.g. in halo nulei like 11Be, see [11�14℄) orvery unstable nu
lei (e.g. for astrophysi
al interests [10℄), have been already
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estudied. More re
ently, the Coulomb ex
itation of the exoti
 fragments intoa heavy, high-Z target has been shown to be feasible. This allows us tohave a

ess to the �rst states (2+) and to a good estimate of the quadrupoledeformation via the B(E2) values. A 
omplete des
ription of this te
hniqueis given in [15, 16℄ and referen
es therein.Thus, physi
s using a radioa
tive beam is not a new �eld of physi
s.The new aspe
ts in this �eld is related to the possibility to a

elerate anexoti
 beam of high intensity, purity and good opti
al quality at a few MeVper nu
leon. This is a major step forward when one wants to use otherrea
tion me
hanism to populate even more exoti
 nu
lei for example. Inthe next se
tion, I would try to give a taste of what will be feasible atGANIL-SPIRAL in a near future.1.2. RIB tomorrowThe �realisti
� aspe
t of the RIB is the use of beams whi
h are deliveredby the CIME 
y
lotron with a reasonable intensity and purity.
CSS1 CSS2

To experimental areas

Target-Source

CIME

Fig. 2. S
hemati
 layout of the SPIRAL fa
ility 
omprising the two already existing
y
lotrons (CSS1 and CSS2) as well as the target sour
e where the exoti
 spe
iesare produ
ed and extra
ted. They are then posta

elerated in the new CIME
y
lotron and sent to the experimental areas after sele
tion.The SPIRAL fa
ility (see the the s
hemati
 layout in Fig. 2) uses theprimary beams delivered by the existing 
y
lotrons. The beam from these
ond 
y
lotron is fragmented onto a 
arbon target heated up to more than2000Æ Celsius. In the �rst months of operation only noble gases will beprodu
ed and a

elerated be
ause their quasi-neutral 
hemi
al behaviourallows for a more e�
ient di�usion from the target. Hen
e they extra
tionfrom the target-sour
e, the heart of the fa
ility, is mu
h easier as 
omparedto metalli
 spe
ies for instan
e. Furthermore they are quite easily ionized inthe ECR sour
e leading to high 
harge state for a

eleration in the CIME
y
lotron. Therefore only rea
tions involving He, Ne, Ar, or Kr beams willbe mentionned in this se
tion. Also as a 
onsequen
e, I will 
on
entrate onphysi
s of neutron-de�
ient nu
lei.
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t proton-emissionThe �-radioa
tivity has been studied for many years but is a rather
omplex phenomenon to handle 
orre
tly from the theoreti
al point of view.First of all be
ause it deals with prolate deformed nu
lei for whi
h the �-emission is 
learly enhan
ed. This means that the basi
 physi
al problem isthe tunneling of a 
harged parti
le through a deformed barrier. Se
ondly,before the �-parti
le is emitted, it has to pre-exist within the nu
lei. Thisis a 
ru
ial input in the des
ription of the tunneling pro
ess. A very nat-ural way to simplify the problem is to use the proton (p) instead of the�-radioa
tivity. This is now possible be
ause of the enhan
ed power of thenew dete
tors whi
h allow for a 
onsiderable redu
tion of the ba
kgroundand thus give a

ess to very tiny 
ross se
tions. In parti
ular, the 
ombina-tions of re
oil spe
trometers and 
harged parti
le dete
tors make it possibleto measure 
hannels at the p-drip line as low as 0.2 �b [17℄. Proton ra-dioa
tivity is indeed a unique tool to obtain nu
lear stru
ture informationson nu
lei lo
ated beyond the drip line. It is also a subtle me
hanism whi
hreveals the balan
e between 
entrifugal and Coulomb terms of the nu
learpotential. Thus, p-radioa
tivity is a key pro
ess to understand more 
omplexde
ay modes su
h as di-proton or �-radioa
tivity.The �rst eviden
e for a p-radioa
tivity was found in 1970 [21℄ in thep-de
ay of 53mCo. Sin
e then, several 
ases have been found in the odd-Znu
lei of the 65 � Z � 81 region. Experimentally, dire
t proton emissiongives a

ess to angular momentum and spe
tros
opi
 fa
tors. However, theselatter have been determined with sometimes huge error bars. This is also ana

urate tool to verify the various mass predi
tions via the measurement ofthe emitted p-energy (i.e. Q-value).As pointed out in [18℄ spheri
al WKB approximation 
annot reprodu
ethe de
ay-rates of several p-emitter even though a qualitative agreement isobtained when using various simple theoreti
al approa
hes [20℄. It is anywayvery 
lear that the expli
it treatment of deformation (e.g. Nilsson model)together with the measurement of (already existing in some 
ases [17℄) de-formed p-emitter half-lives gives valuable informations on single-proton or-bitals. Rare earth-nu
lei Z � 66 are predi
ted to be strongly prolate de-formed [19℄. Therefore a good test for the models would be to measurep-emitters in this mass region. The availability of radioa
tive Kr beamsat GANIL will allow us to populate e�
iently this mass region via fusion-evaporation rea
tion on neutron-de�
ient targets (Fig. 3).The simultaneous emission of 2 protons (the di-proton or 2He) is alsoan interesting open question. This has been predi
ted in the early 60'sby Goldanskii [23℄ be
ause the pairing energy between the 2 last protonsenhan
e a di-proton radioa
tivity as 
ompared to the single p-emission ineven-Z p-ri
h nu
lei. A 2 proton emission from the unbound nu
lei has been
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Fig. 3. Cross-se
tions 
al
ulated with the evapOR [22℄ Monte-Carlo 
ode for aseries of Pm isotopes using several Kr beams on a 58Ni. In ea
h 
ase an ex
itationfun
tion have been 
al
ulated and the plotted values 
orrespond to the maximumprodu
tion of the given Pm isotope.observed 12O [24℄ (the other previously known example is 6Be [26℄). Usingthe 1995 atomi
 mass table from Audi and Wapstra [25℄ the Q1p and Q2pvalues are respe
tively � 1.97 and � 1.77 MeV. Hen
e the 2p is enhan
edas 
ompared to the 1p 
hannel. However, both 12O and 6Be exhibit verysmall 2He bran
hing ratio, demonstrating that this phenomenon is more
omplex than anti
ipated su
h as a dire
t three-body breakup [26℄. Thisshows, again, that the single-p radioa
tivity must be very well understoodbefore going further away in more 
omplex de
ay modes.1.2.2. �-delayed multi-nu
leon emissionClosely linked to the dire
t p-radioa
tivity is the �-delayed p-emission.For neutron de�
ient isotopes, this two-step de
ay is well known and sta-tisti
al model are able to reprodu
e the p-energy spe
tra asso
iated to thisme
hanism for the medium-mass and heavy nu
lei(see for instan
e [27℄).More exoti
 and mu
h less 
lear is the �-delayed multi-proton emission su
has �-2p, �-3p, et
. A very instru
tive example is the one of 31Ar whi
hhas been studied in some details at GANIL [28℄ and also by the ISOLDE
ollaboration [29℄. The �-2p and �-3p have been established. However thelatter one remains to be 
on�rmed sin
e it has been reported in [28℄ butthere is no eviden
e for su
h a 
hannel in [29℄. The 2 protons followingthe �-de
ay are emitted from the Isobari
 Analog State (IAS) in 31Ar andpopulate 3 distin
t ex
ited states J� = 1/2+, 3/2+ and 5/2+ in the daugh-ter 29P nu
leus. Indi
ation of a di-proton radio
ativity have been dedu
edfrom angular 
orrelation measurements between the 2 emitted protons and
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ontinuous aspe
t of the p-energy spe
trum. However, thisstatement remains 
learly to be 
on�rmed by new experiments and this isan ex
ellent 
ase for RIB. These de
ay studies performed with the fragmen-tation te
hnique will be possible with SPIRAL. The intensity expe
ted for31Ar e.g. should be more than one order larger than obtained at ISOLDE torea
h more than 10 atoms of 31Ar per se
ond. This rate is enough to performangular 
orrelation measurement yielding the bran
hing ratio of the 2He vssequential de
ay.On the other side of the �-stability line, the �-n, �-2n, et
 me
hanism areof similar interest in terms of study of n 
orrelations in these exoti
 radioa
-tivities. De
ay studies have the great advantage to generate ba
kground-free spe
tra and are therefore feasible with extremely low 
ounting rates asalready demonstrated with existing RIB produ
tion via proje
tile fragmen-tation. Thus the main di�
ulty in su
h experiments at SPIRAL will be to
ontrol the radioa
tive nature of the beam with shielding, 
oin
iden
e te
h-niques, et
. Useful beams for su
h studies will be in the �rst instan
e 8Hestudied in 
oin
iden
e with powerfull neutron dete
tors.1.2.3. Halo studiesHalo nu
lei have been extensively studied these last years both theo-reti
ally and experimentally. This is true espe
ially for 6He be
ause it isapproximated to the �-n-n three body system on a �rm basis [30℄. Further-more 6He beams with rather high intensities are produ
ed already today.Conversely, more 
omplex halo nu
lei are very poorly known. However, asalready said, the �rst exoti
 beams from SPIRAL will not allow the study ofn-haloes but p-haloes 
an be studied. An e�
ient way to study halo nu
lei isto use the huge 
ross-se
tions of the ele
tromagneti
 intera
tion via Coulombdisso
iation (see [14℄ in the 
ase of 11Be for example). With 
ross-se
tionsof the order of the barn it is possible to use beams with � 100 or even lesspps (see �gure 1). Candidates for the �rst SPIRAL beams are 17;18Ne inwhi
h an extended valen
e proton distribution is predi
ted [31, 32℄.1.2.4. Shape 
hanging/
oexisten
eIts is already a long time ago that shape 
oexisten
e and rapid shape
hangings have been predi
ted in the N � Z � 40 mass region [34℄. �Heavy�N = Z isotopes are of spe
ial interest. Self-
onjugate nu
lei have a veryhigh degree of symmetry between neutron and proton dgrees of freedom.Nu
leons o

upy the same single parti
le orbitals and the asso
iated wave-fun
tions have large overlaps. Consequently, sudden stru
tural evolutionsare expe
ted to o

ur when going from one nu
leus to another. The a
tivesingle parti
le orbitals in this mass region are the 1g9=2, 2p1=2, 1f5=2, and2p3=2 and shape transitions will re�e
t their respe
tive o

upan
y. In most
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eof these nu
lei, two minima are predi
ted in the potential energy surfa
es,
orresponding to oblate and prolate deformed shapes. When the ground-state is oblate, the prolate deformation is onset as soon as spin is largerthan 2~ be
ause the moment of inertia for a prolate shape is larger thanthe one obtained for an oblate nu
leus, and hen
e, it is favored. Of theN � Z � 40 nu
lei, Kr isotopes are of spe
ial interest be
ause they willbe produ
ed at SPIRAL with quite a reasonable intensity. Very simplequantities, su
h as 2+ and 4+ state energies 
an be extra
ted from Coulombex
itation experiment whi
h, again, has a large rea
tion 
ross-se
tion. Theother attra
tive aspe
t of su
h an experiment is the simpli
ity of the 
-rayspe
trum. This makes of Coulomb ex
itation a judi
ious 
hoi
e for the �rstexperiments with RIB.1.2.5. T=0, S=1 pairingN = Z nu
lei have many other fas
inating aspe
ts. Related to isospinsymmetry is the so-
alled T = 0 pairing. Usually nu
leons are 
oupled inpair so that the total angular momentum of the pair is zero (S = 0). Fur-thermore, the 
urvature of the �-stability valley implies that n and p do noto

upy the same single-parti
le orbitals. Thus the pairing intera
tion dealswith nn and pp (T = 1) pairing. When N = Z and espe
ially for heavynu
lei, protons and neutrons o

upy the same orbitals. This leads to a size-able enhan
ement of the np-
orrelations and, among them, the np-pairing(T = 0) [35℄. This form of pairing has not been observed experimentally butsome eviden
e of its manifestation 
omes from binding energies. Additionalpairing intera
tions translate into additional binding energy (the Wigner en-ergy) and this is pre
isely what is observed as a spike in the isobari
 massparabola plotted as a fun
tion of Tz = (N � Z)/2 (see [36℄ and referen
estherein). Only shell-model 
al
ulations taking into a

ount the T = 0 pair-ing are able to reprodu
e this tenden
y [35℄. Even more exoti
 is the T = 0,S = 1 pairing where the neutron and the proton are 
oupled at non-zero an-gular momentum, 
orresponding to a deformed np pair. Of 
ourse the best
andidates to measure su
h an e�e
t are odd-odd heavy N = Z isotopes. Aninteresting quantity whi
h 
an be used to measure this e�e
t in rotationalnu
lei is the moment of inertia. Additionnal pairing also means a redu
tionof this experimentally easy-to-measure observable. Thus by measuring it inseveral neighbouring isotopes it is possible to extra
t the 
ontribution of theT = 0 pairing. This 
an be done using fusion-evaporation with exoti
 Heor Ne beams with � 107 pps. The more exoti
 the beam, the higher the
ross-se
tion to populate a given isotope as shown for the Krypton isotopessee Fig. 3. The balan
e between the loss in beam intensity to get moreexoti
 spe
ies and the in
rease in 
ross-se
tion is favorable in many 
ases.This solution has also the unique advantage to redu
e the number of openrea
tion 
hannels when the beam is more exoti
.
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tions indu
ed by the radioa
tive beams from SPIRAL,requires new te
hniques and new demands on the design of the dete
tors.The 
onstraints are severe from many aspe
ts and are sometime di�erent fortwo di�erent devi
es. It is intended at GANIL to have a new gamma-rayarray, EXOGAM, and a new magneti
 spe
trometer, VAMOS, to work withSPIRAL beams. I would like to des
ribe both of them in some details.2.1. The EXOGAM array2.1.1. Design spe
i�
ationsRadioa
tive beams impose new design 
onsiderations to a 
-ray spe
-trometer. The beam intensity, at least at the start up of the new fa
ility,is expe
ted to be mu
h lower than with stable beams, fa
tor of 10 or even1000 lower. EXOGAM must therefore be designed to maximise the totalphotopeak e�
ien
y. In maximising e�
ien
y the spe
trum quality must bemaintained. The spe
trum quality is determined by the peak to total ratioand energy and time resolution. The total e�
ien
y measures the ability ofthe array to 
olle
t statisti
s. The spe
trum quality measures the e�e
tive-ness of the array in isolating a single sequen
e or sequen
es of gamma-raysfrom a 
omplex spe
trum.There will be a large variety of nu
lear rea
tions using radioa
tive beamson whi
h the design of a dete
tion system must be based. The experimental
onditions will be very di�erent from one experiment to another in terms of
-ray energy (from x-rays of tens of keV to 
-ray energies up to 5-6 MeV),of multipli
ity (from one to � 15 
oin
ident photons); of re
oil velo
ity(from zero to � 10 % of light velo
ity); and of kinemati
s of the rea
tionme
hanism (from re
oiling fusion produ
ts emitted at � 0Æ or s
atteredparti
les between 0Æ and 180Æ). This variety means that the setup of thearray must be adapted for ea
h experiment. The radioa
tive nature of thebeam is also a 
on
ern and shielding of the dete
tors be
omes an importantdesign 
riterion.It is also 
lear that in addition to the dete
tion of gamma radiation itwill be vital to have an
illary dete
tors available to dete
t both light andheavy 
harged parti
les and neutrons.2.1.2. Segmented CLOVER Ge dete
torIn order to meet all the design 
riteria the EXOGAM spe
trometer will
onsist of an array of high resolution germanium dete
tors ea
h surroundedby an es
ape suppression shield.
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eOne 
omposite and segmented dete
tor is the segmented CLOVER dete
-tor [37℄. It is made of four individual 
rystals ea
h ele
troni
ally divided intofour regions. A s
hemati
 diagram of the 
rystals in a segmented CLOVERdete
tor is shown in �gure 4. The EXOGAM array will 
onsist of su
hCLOVER dete
tors.
Fig. 4. The segmented CLOVER germanium dete
tor 
rystals.This segmentation is parti
ularly useful when the emitting nu
lei re
oilwith a large velo
ity sin
e it allows a better determination of the intera
tionpoint of the 
 ray in the dete
tor. The dete
tors 
an be easily arranged indi�erent 
on�gurations as will be shown later. This high degree of versa-tility is a very important design 
riterion as in the future the full gamut ofnu
lear rea
tions with stable and radioa
tive beams will be used for nu
learspe
tros
opy.GEANT simulation 
al
ulations have been 
arried out to optimise theperforman
es of CLOVER dete
tors for EXOGAM. The EXOGAMCLOVERwill be based on the use of large Ge 
rystals, 60 mm in diameter and 90 mmlong, before shaping. The photopeak e�
ien
y of ea
h CLOVER will be�p! � 12 � 10�3 at 11 
m for a 1.3 MeV 
-ray. The segmentation of the
rystals leads to a redu
tion by a fa
tor of two of the Doppler broadening ofthe peak as 
ompared to a non-segmented 
rystal.2.2. Suppression shield for a segmented CLOVER Ge dete
torEa
h segmented EXOGAM CLOVER Ge dete
tor is surrounded by anes
ape suppression shield. The shield designed is based on a new 
on
ept inwhi
h the shield 
onsists of several distin
t elements, a ba
k
at
her, a rearside element and a side shield, see �gure 5. Designing suppression shieldsin this way, from individual elements, 
reates greater �exibility for di�erent
on�gurations.The shields will be operated in two 
on�gurations. The �rst is with theba
k 
at
her and rear-side element, 
on�guration A, and the se
ond withthe additional side elements, 
on�guration B.
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Collimator
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Rear Side
Side Shield

Back Catcher

Shield

Fig. 5. The di�erent elements of the BGO suppression shield for the segmentedCLOVER Ge dete
tors (not to s
ale).2.3. Segmented CLOVER arraysThe EXOGAM segmented CLOVERs 
an be arranged in di�erent ge-ometries. In all the geometries the suppression elements 
an be used in
on�gurations A and B.Con�guration A is the 
lose pa
ked geometry where the Ge dete
tors 
anessentially tou
h at the front. Con�guration B is the pulled ba
k geometryin whi
h the dete
tors are further from the target to allow for the in
lusionof the additional side suppression elements. An array geometry for the
Fig. 6. A 
ross se
tion through the 16 segmented CLOVER EXOGAM array.CLOVERS to be as 
lose as possible to the target, is with the dete
tors onthe fa
es of a 
ube.An array of 16 CLOVER dete
tors 
an be arranged. A 
ross se
tionthrough this geometry in 
on�guration A is shown in �gure 6 and its iso-metri
 proje
tion in �gure 7. In 
on�guration A the signals from adja
ent Ge
rystals 
an be summed to in
rease the e�
ien
y. The 
al
ulated in
reasein e�
ien
y is 6%.The 
on�gurations, distan
es from the target, and performan
es for ar-rays of segmented CLOVERs are summarised in Table I.
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Fig. 7. The EXOGAM spe
trometer with 16 segmented CLOVERs.TABLE ISummary of array geometries for segmented CLOVERsGeometry Shield Distan
e to Phot. e�. Peak/Total
onf. target (mm) 662 keV 1.3 MeV 662 keV 1.3 MeVCube B 68.3 0.15 0.10 0.72 0.6016 det. A 114.1 0.28 0.20 0.57 0.4716 det. B 147.4 0.17 0.12 0.72 0.60The EXOGAM array will start its operation in 1999 with a few dete
torsand it will be 
ompleted to 16 by 2001.2.4. The VAMOS spe
trometerThe design spe
i�
ations of the VAMOS spe
trometer arise from thesame 
onstraints as it was for EXOGAM. The very low intensity of the ra-dioa
tive beams imply new dete
tion te
hnique. However, when the 
hannelof interest is several orders of magnitude lower than the dominant rea
tion
hannel, it is a real 
hallenge to extra
t it. This is pre
isely the 
ase, whenusing stable beams and a spe
trometer it is essential to sele
t e�
iently therelevant events (see for example [38, 39℄). With radioa
tive beams, and atleast in the �rst years, the 
on
ern will be the weak but dominant 
han-nels. However, the e�
ien
y of the re
oil spe
trometer strongly depends onthe kinemati
s of the rea
tion. This is why inverse kinemati
s are generally
hoosen and yield to e�
ien
ies up to � 20 %. The most intense beams fromSPIRAL will be low A beams (typi
ally A � 40). Hen
e standard rea
tionswill be dire
t kinemati
s yielding large re
oiling angle and low velo
ity. Forthese reasons, it appeared very soon that standard spe
trometers are not ad-equate, at least in the 
ase of fusion-evaporation rea
tions. Other rea
tionme
hanism are expe
ted to be used with VAMOS (VAriable MOde Spe
-trometer). One major �eld will be the elasti
 and inelasti
 s
attering of thebeam on p or n (extreme inverse kinemati
s) to study intera
tion potential
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tive... 1673properties and matter radii far from stability. In these experiments, the re-
oiling light parti
les are dete
ted with dedi
ated devi
es and the beam mustbe reje
ted be
ause the re
oils are very 
lose to 0Æ. Di�erential 
ross-se
tionmeasurements and the in�uen
e of isospin on the rea
tion me
hanism arealso topi
s of great interest. A very powerfull method for these studies is theuse of deep inelasti
 rea
tions leading to measurements of mass and 
hargeas a fun
tion of the angular position of the spe
trometer. Design spe
i�
a-tions of the VAMOS are basi
ally the same as for EXOGAM sin
e it has tohave a very large solid angle to get the e�
ien
y and it has to be modular to
ope with the various experimental 
onditions. The idea is to 
umulate thequality of large a

eptan
e, dispersive, and beam reje
tion devi
es. This hasbeen done by designing a spe
trometer 
omprising 2 quadrupoles, a velo
ity�lter, and a dipole.

Fig. 8. The VAMOS spe
trometer.
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eThe angular a

eptan
e will be � 200 mr. The nominal dispersion is
al
ulated to be � 2% at the fo
al plane. The momentum a

eptan
e willbe � 5%. Furthermore, it will be possible to rotate VAMOS by 90Æ aroundthe target point with respe
t to the beam dire
tion, opening up opportu-nities for the study of binary rea
tions (e.g. quasi-elasti
 and deep-inelasti
rea
tions). These rea
tions will be powerful methods for produ
ing nu
leiina

essible by other means. In su
h rea
tions, as already pointed out, theangular distribution of the rea
tion produ
ts is wide and their velo
ity large,in
reasing dramati
ally the widths of the 
-ray photopeaks. VAMOS willhave the 
apability of measuring the speed and dire
tion of identi�ed prod-u
ts with high e�
ien
y, and it will be possible to re
over good resolutionin the 
-ray spe
tra.The minimum distan
e between the target point and the �rst quadrupolewill be 40
m and 
an be extended to 140
m. These 2 situations gives the fol-lowing 
hara
teristi
s for VAMOS: (solid angles, magneti
 rigidity (B�max))= (130 msr, 1.3 Tm) and (42 msr, 2.3 Tm), respe
tively.It is planned that VAMOS will be lo
ated in the same experimental areaas EXOGAM with EXOGAM at the target position. Therefore, the designof EXOGAM and of VAMOS will have to be 
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