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Abstract : 
The French 4*Y muitidetecton sy.<item ChJate.au de CnistaJ. has been used 

since 1985 in numerous experiments devoted to nu.cA.ean. shape chance and shape 
coexistence ait hiah angular momentum at uieJJ. as nu.cJ.ean reaction mechanism 
studies. 3n the first kind of. measurements a Château of. 38 counters 
associated to 12 Qe with Compton suppressors has been used white in the 
second case the y-particte and muitipiicity. measurements were done wijth a 
Château of. 74 counters. 

The individual couniejis of Château de Cristal are BaF crustals which we 
have deveiopped foi the first time as targe y détectons i efficient and 
fasti. 

A summaru of se.ven.al experiments performed witji Château de Cnistai is 
presented. This data concern several fast rotating, nuclei studies ranging 
from A "v 120 to A ^ 200. 

1. INTRODUCTION 
Several 4ir-y multidetector arrays have been deveiopped during the last 

years. The first choices favoured nuclear mechanisms studies (crystal balls 
of Oak Ridge and Heidelberg) while more compact systems with Compton 
suppressors have been more recently performed (Tessa, Hera, Osiris,...) to 
do accurate r-spectroscopy studies at high angular momentum. Château de 
cristal is a 4*Y multidetector array constructed within the collaboration 
between six French laboratories: CEN Bordeaux, ISN Grenoble, IPN Lyon, CSNSH 
Orsay, IPN Orsay and CRN Strasbourg. Presently used at the Strasbourg 18 HV 
MP Tandem accelerator it allows either for r-spectroscopy studies or for 
reaction mechanisms studies following its versatile geometry. It is built 
with hexagonal detectors which allows different kind of Château. In the 74 
counters geometry, used in partile-y and multiplicity measurements, the 
detectors are located in twice four rings of 1, 6, 12 and 18 counters above 

http://ChJate.au
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Figure 1 : Schematic view of Château de Cristal 

and belove the reaction plane (Fig.l). The free inner diameter is about 30cm 
providing sufficient space for a large reaction chamber used for particle 
detection. 

For Y spectroscopy a more compact geometry (Chateau of 38 counters) is 

Figure 2 ." Geometry of the Chateau with 38 counters 
surrounded by 12 Ge-Compton suppressors 



used for the 4* detector (multiplicity and sum energy selections) in 

coïncidence with 12 Ge with Anti-Compton shields. In a first time 8 shields 

were done with 40 remaining hexagonals crystals and four BGO systems 

provided within the collaboration with Y.Gono from Riken Laboratory, Japan. 

Now additionnai hexagonal crystals are used to replace the BGO systems. 

To choose the proper type of the individual counters for a 4HY detection 

system it is important to consider several characteristics. The most 

important features are the efficiency, timing and energy resolution. In the 

past the first choices favoured the energy resolution {Nal detectors for the 

crystal balls of Oak Ridge and Heidelberg) and efficiency (BGO crystals for 

compact systems). In both cases the timing performance is poor, what becomes 

an important drawback especially for the neutron-gamma discrimination by 

time of flight technique, isomer search or selection in the nanosecond 

range, etc... Having this in mind we have developped large BaF~ crystals 

(collaboration with Company Merck) able to have a timing comparable to 

plastic detectors with an efficiency lying between that of Nal and BGO 

crystals and an energy resolution approaching that of Nal (̂  10 % for the 

662 keV Y ray of ° Cs). Such a performance has been observed previously 
3 

using small samples (->• 10 cm ) of BaF,. Essential progress came from 
3 constructing the crystals with the volume near 1000 cm (e.g. hexagonals 

crystals 0 = 10 cm, L = 14 cm of Château de Cristal) after overcoming the 

problems of growing large crystals and of finding the type of reflectors and 

photomultipliers adapted to the UV light emission, the factors important for 

the good timing. The timing resolution is a factor of 4 to 5 better than the 

one obtained with a Nal of the same Y efficiency. It almost does not depend 

on the Y ray energy (the strongest limitation of the timing performance 

originates from the spread caused by the size of the crystal). These 

properties implied a considerable interest in the new type of large 

scintillators. Several multi-detector are being ntw constructed in various 

laboratories e.g. in Karlsruhe, Catania, Darmstadt, Oak Ridge, and others. 

These timing performance which are of course of the highest interest in 

heavy ion fusion reactions studies are essential in numerous experiments 

with high energy accelerators (see Fig.3). 
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2. STUDIES OF NUCLEAR SHAPE COEXISTENCE AND EVOLUTION IN FAST ROTATING 

NUCLEI 

One of the most powerful approaches to study the properties of the mean 

nuclear field is to increase our knowledge on the coexisting nuclear shapes 

and on their interplay. Various mass regions have to be studied since the 

structural effects like single particle shell structures, properties of the 

collective motion, triaxial modes,.superdeformation,... are expected to vary 

strongly with nuclear mass. 

Some of the first results of this kind of studies are briefly discussed 

below. The results were provided by all the six laboratories involved in the 

construction of Château de Crisal used here within its 38 counter geometry 

surrounded by 12 Ge with Anti-Compton shields. 

2.1. Shape coexistence, evolution, and the "parallel" proton neutron core 

breaking in Er 
TTK 

The Er nucleus belongs to the so-called transitional nuclei in the 

Rare Earth region. The special structural features which demonstrate 

themselves in its decay pattern are determined primarily by a relatively 

large number of valence particles (ûZ = 4 and AN = 5 on top of the Z=64 and 

N=82 closed shells for protons and neutrons, respectively). The neighbouring 

Er isotope displays a collective-rotational decay pattern at low and 

* (CRN Strasbourg - CSNSM Orsay - Argonne Nat.Lab.collaboration; see Ref.3) 



moderately high spins. This pattern seems to terminate while the nucleus 

develops an oblate shape at higher spins . Conversely in Er a typical 
5 61 

non-collective structure has been established ' involving at the highest 

spins the breaking of the proton or neutron cores. Hence, a study of 

possible shape coexistence and shape transition effects through the 

interplay of individual and collective degrees of freedom seems to be 
156 

particularly challenging in the Er nucleus. 
155 125 34 

The levels of Er were studied with the Te( S,4n) reaction using 
O ] OC P 

lmg/cm 95 % isotopically enriched Te target on a 50 mg/cm lead backing. 

Three types of selections were combined to obtain very clean Er spectra. 

In the first experiment, performed at the Argonne Tandem Linac, the 

experimental set up included three Ge detectors and two large 25 cm x 30 cm 

Nal crystals used as a sum spectrometer. An excitation function vs 

bombarding energy measured between 150 and 170 MeV in steps of 5 MeV and a 

first T-Y coincidence experiment at 165 MeV have been done. The subsequent 

level scheme was tentatively built up to I = 63/2. A second experiment was 

deformed with Château de Cristal. Besides fold and sum-energy recording, the 

excellent timing performance of the BaF, detectors was used to discriminate 

the 4n from the 5n channel through the delayed Y rays emitted below the 
155 154 

Er and Er isomers which have approximately the same half-lives (T. ,„ * 
30ns) but which differ by their Multiplicities. Those multiplicities are 1 

155 154 and 5 for Er and Er, respectively. Therefore two types of fold 
distributions were measured using different simultaneous timing conditions 

with respect to the first BaF 2 counter which triggered : 

- the fold number within 2 ns after the BaF, trigger (prompt fold). 

- the fold number of y rays occurring at least 30 ns after the trigger 

{delayed fold). 

The delayed fold number allowed to select on line "quasi singles" spectra 
155 corresponding to Er nuclei (1 delayed Y ray). These spectra have been 

used to determine an r-anisotropy through the ratio W(90°)/W(33°). Over 

6x10 coïncidence events were recorded out of which the 4n channel 

represented approximately 50 %. 
This measurement has been completed by a simultaneous linear polarization 

and angular distribution measurement using the method described in Ref.5. 

The five Ge polarimeter was placed at 8 = - 90° with respect to the beam 



axis. The angular distribution has been measured with six Ge 
Compton-suppressed detectors, two at each of the following angles : 9 = 12°, 
90° and 147". 

The decay sheme established from the Y-Y coincidence spectra, transition 
intensities anisotropies, angular distributions and linear polarization 
measurements is reported fig.4. 

The low spin part of the decay scheme shows a characteristic sequence : 
the rotational band built on the i" = 13/2 + state decaying via the I*=11/2~ 
excited state to the i" = 7/2" ground state. This typle of behaviour is 

7 8 9) characteristic of many N = 87 isotones (see for example refs. ' ' for 
1 5 3 D y , 1 5 1 G d a n d 1 4 9 S m ) . 

Using a self-supporting target and looking for the delayed y-rays emitted 
a few centimeters benind the target we found that the 13/2 isomeric state 
decays via a 31.6 keV transition (cf. Fig.4). The El-character of this 
transition was deduced from its intensity relative to the following 531 keV 
E2 transition. These two transitions have also been observed ' in the 
radioactive decay of Tm. Thus, the energy of all levels is established 
firmly. A major problem in the experimental analysis is the connection 
between the 41/2 +*13/2 + level sequence and the rest of the decay scheme. The 
existence of an 85.3 keV transition was established from the energy spectra 
of two planar Ge detectors in coincidence with any of the other 12 Ge 
detectors . The coincidence between the 85.3 keV line and the 640 keV 
transition is clearly enhanced, even after taking into account the fact that 
its energy is very close to that of the Pb K„ line and that its intensity is 

p 

reduced by the internal conversion effect. This result agrees with the long 
lifetime observed previously (T= 1.3ns) and supports the interpretation 
of the E = 5013 keV state as an isomer decaying through the 85.3 keV (Ml) 
and 225 keV (E2) transitions. 

The angular distributions and linear polarisations observed for the 344, 
405 and 500 keV y-rays are consistent with Mi + E2 character of those 
transitions. Therefore spin and parity values for the "side-bands" have been 
adopted as given in Fig.4. Above 5 MeV excitation energy, two main decay 
paths include dipole and quadrupole transitions without any strong energy 
correlation. Around E = 11 MeV the two branches connect again through a 231 
keV Y ray and, may be, through a 669 keV line, the observed scheme ending 
with a single sequence which extends up to E = 14 MeV. 
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From the energy spacings and nultipolarities of the transitions in 

various level sequences of Fig.4, it is clear that the low spin collective 

character of Er terminates at I * 41/2 thus giving way to a 

characteristic irregular particle-hole structure, similar to the one 

observed in the isotone Oy. 

The non-collective f ?,- structure of the ground state and the dominating 

i.,, ? character of the rotational band have been pointed out already in 

Ref.7, where a detailed theoretical analysis was, however, not given. To 

interpret the foreseen shape coexistence effects the extended Strutinsky 
12) 

procedure has been employed. 

The total energy surfaces represented in the rotating coordinate system 

(the Routhains) are illustrated in Fig.5. It shows that the ground-state 

(7/2") equilibrium deformation corresponds to a nearly spherical-shape 

SHAPE COEXISTENCE IN 1 5 5 E R 
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configuration (6- * 0.05, Y=60°) . For l"= 13/2 and higher, the calculated 
equilibrium deformation is B-, = 0.18, Y = - 5° giving rise to the collective 
rotational band (cf. f i g .4 ) . I t is worth emphasizing, that taking into 
account the p a i r i n g c o r r e l a t i o n s was essen t i a l f o r ob ta in ing the 
"collective/non-collective" shape-coexistence picture and the correct level 
sequence; no -pa i r i ng approximation r e s u l t s in a p ro la te deformed 
ground-state. 

The band extending from i " = 13/2+ to i " = 41/2 + is predicted to 
terminate at the lat ter state which corresponds to r = 60° deformation, 
Fig.4. 

Tne calculations of the mult i-part icle multi-hole structure corresponding 
to the non-collective (Y = 60°) rotation have been performed using the Woods 
Saxon f i e l d . The results indicate the following global features. The 
characteristic isomer at i " = (43/2+) corresponds most l ikely to the 
structure 

155 r„ , , u imax a <e3 .max . ,.4 ,max 
Er : v h ^ . h g ^ ) , , 8 ( ^7 /3> 5 / 2 . . B " ( h l 1/2 )8-. 

154 analogous to the 19 isomer in Er (deexciting via a E 455.4 keV 
iij r1 Y 

transition) whose lifetime is T = 105 ps and proposed structure is : 

154.- . ,. . .max a ,tZ , „ ,.4 .max Er : * l i W 2 , h 9 n ) u 8 ( f 7 / 2 ) 0 »» <h, 1 / 2> 8.. 

Taking into account the transition-energy ratio (455.4/225.5) and the 
corresponding branching ratio one may estimate an upper limit for the 
lifetime of the 43/2 isomer of -v 2ns as compared to 1 = 1.3 ns measured. 
This relation argues in favour of the interpretation adopted- Here and in 
the following the double-dot symbol .. refers to the coupling of one pair 
of nucléons to zero angular momentum (such an effect is a consequence of the 
monopole-pairing coupling scheme employed here j,:J in the configuration 
above it applies to the ^ 7/2 orbitals in f,,., and *• 11/2 orbitals in 
h,,,,). The superscript "max" refers to the maximum alignment within the 
remaining freedom permitted by the Pauli principle. 



Calculations predict a characteristic lowering of energies of the maximum 
alignment configurations corresponding to spins 43/2 (see above) and the 
alternative two 71/2 states. The calculated most probable structures of the 
latter two states are : 

and 

71 /2 + : v ( i 1 3 / 2 > f 2 / 2 ) 2 3 / 2 a ( h | / 2 ) g a X B . ( h ^ / 2 ) ^ x ; 

71 /->+ . i;2 i m ax Q 1*2 .max- .max „ , . 5 .-1 .max 71/2 . « 0 1 3 / 2 ) 1 2 8 ( f 7 / 2 ) 6 B h 9 / 2 S » ( h , 1 / 2 . d 5 / 2 ) 1 3 # _ , 

T h e o r e t i c a l r e s u l t s sugges t t h e r e f o r e t h a t t h e p resence o f two 

complicated decay branches connected by a few t r ans i t i ons only should be 

re la ted to a presence (absence) of states t o which the " ( d Z , 2 ) con t r i bu tes , 

although a d i r e c t comparison at t h i s spin range is d i f f i c u l t due to the 

experimental sp in -pa r i t y unce r ta in t i es . 

The sequence 65/2 * 61/2 * 57/2 wi th t r a n s i t i o n energies 608.7 keV and 

1374.1 keV, respec t i ve ly , resembles very much the sequence 31" * 29" * 27" in 
154 5 ; 

Er, ref. , with the energies 633 keV and 1369 keV, correspondingly. This 154 may be used to support the analogy between the Er : 

ih i imax a i*2 imax„, , u4 . ,.4 , ,,4 , , 
v ( h9/2' 113/2 )ll fi ( f7/2'6 » {"^ll/2 } 16"*"(hl 1/2J 12* 7 r ( hn/2'10 l 

155 
and the Er nucleus : 

v ( h 9 / 2 ' 1 1 3 / 2 ) 2 9 / 2 8 {f;/Z^ 8 { n ( h l l / 2 ) 1 6 * " < h l l / 2 ) 1 4 ^ ( h l l / 2 ) 1 2 " ' r ( h n / 2 ) 1 0 l 

the l a t t e r s t ruc tures having spins 73/2 * 6 9 / 2 + - 6 1 / 2 + , respec t i ve ly . 

The maximum angular momentum possible t o combine a f te r breaking the 

proton c o r e ( w i t h < d ^ / p ' 5 / 2 s t a t e ' c o r r e s p o n d ' t o ( y e t u n o b s e r v e d ) 

con f i gu ra t i on : 

o n / , - . / . 3 .max „ , - „ .max , u 5 . - 1 .max 
89/2 . v ( i 1 3 / 2 ) 3 3 / 2 8 ( f 7 / 2 . n g / 2 ) 8 * ' ( h 1 1 / 2 . d 5 / z ) M , 

'.n summary : The low part of the decay scheme has been in te rpre ted i n 
terms of a coexistence between s l i g h t l y oblate and pro la te ( s ^ 0.18) 
equ i l ib r ium deformations. The c o l l e c t i v e band terminates at I * •<• (41/2 ) at 



the oblate shape (Y = u0°) configuration. Above that spin the non-collective 
pattern dominates. Strong equatorial polarisation (of the order of $ 2~ 0.16 
to 0.20, Y = 60°) is predicted by the calculation. The breaking of the proton 
core is predicted to occur already at K 53 at the energies very close to 
the yrast line. Two decay paths in the spectrum are attributed to the 
configurations involving the proton-core vs. neutron-core breaking at the 
high spins. 

2.2. High-spin excitation of Hg nuclei* 
The neutron deficient Mercury isotopes belong to a region where one finds 

a coexistence between well developped rotational bands, which up to i" = 20 
do not reveal any strong alignment effects and other collective bands with 
typically very small moments of inertia. The experimental knowledge, 
especially for odd masses, was very difficult to improve, most probably due 
to the increase of the fission process as A decreases. This problem can now 
be to far extent overcome by the use of 4ir multidetector arrays, like Château 
de Cristal, which enable the selection of specific weak channels in heavy ion 
induced reactions. 

188 187 In a first time we have studied the nuclei Hg and Hg. These nuclei 
1 fid 9ft 

were produced in the Dy + Si reaction. The channel selectivity was 
enhanced (4n and 5>.\ channels) with Château de Cristal. An excitation curve 
measured between 135 and 155 HeV led to a choice of the bombarding energy of 
151 MeV for the measurement of the V-Y coincidences. Analysis of studies in 
184 18R 18fi 

Hg, Hg and Hg nuclei, produced in the same kind of reaction with a 
Si beams, are also now in progress. 

188 
The results obtained for Hg and shown in Fig.6 allow for a 15) considerable increase of our knowledge on the structure properties of this 

nucleus and also the structural properties characteristic in the whole mass 
range. The shape coexistence gives rise to different types of collective 
bands associated with prolate and oblate minima. The microscopic calculations 
of the total energy surfaces (results shown in Fici.7) are in agreement with 
the experimental data which exhibit the disappearence of the prolate band for 
Hg nuclei with a neutron number N ? 110. In the different cases one can 
observe the existing or non existing of the prolate and oblate minima. 
Several other minima exist which can be related to super-deformation or 
triaxiality. The collective prolate minimum correspond nearly to the same 
* (IPN Orsay - CSNSM Orsay - CRN Strasbourg Collaboration; see Ref.14) 
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value B 2. -v 0.25, Bf - 0.01 for the two isotopes 1 8 6 H g and 1 8 8 H g . The 

microscopic calculations are in good agreement with the small alignment 

observed and due to K* = 9/2 + orbital coupled with the K" = 7/2 + partner, 

both originating from the ̂ 13/0 multiplet in the vicinity Ho> •<• 0.30 MeV. 
Further, near Mu> •»• 0.35 - 0.40 MeV, several scenarios are suggested by the 

calculations in the absence of experimental data for those nuclei and for the 

neighbours : a strong backbending due to an alignment of two orbitals, the 

K"= 5/2 + (*i 1 3 / 2) and the K* = 1/2", coupled with K" = 3/2"(i.hg/2) levels or 

an evolution into the strongly triaxial (Y ">• 35° to 40°) regime with 6-

changing from 0.15 to 0.20. This changes appearing in the spin range I > 24. 

http://pA.oponti.onnJ


From the potential energy calculations (Fig.7) it is clear that the yrast 1RR minimum in Hg corresponds to the oblate shape with the relatively stable 
equilibrium deformation at ey* 0.18 and r •>> - 60°. The related configuration 
is that of the oblate shape nucleus rotating collectively about an axis 
perpendicular to the symmetry axis. The dramatic alignment effect which 
manifests itself as a backbending in the ground state band find its 
straightforward interpretation in terms of the two quasiparticle (AB) 
Stockholm band crossing the yrast band. 

A third band decays to both of the previous described. This band 
seemingly corresponds to a large moment of inertia but is unfortunately 
composed of two few transitions to conclude on its real nature. The 
microscopic calculations indicate that this band could be related to the 
superdeformation minima predicted by theory. 

SHAPE COEXISTENCE 
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187 Rotational bands observed in Hg support the over-all shape coexistence 
picture yet adding a few interesting structural features. A characteristic 
13/2 band built on an isomer is typical for heavier nuclei as well, and 
corresponds to a rotation in an oblate shape minimum. 

The presence of 21/1", 25/2",... band decay 11.g to both favoured and 
unfavoured branches of the yrast band has already been observed in heavier 

189-193 isotopes ( Hg). The most natural interpretation for this lowest 
negative-parity band is that in terms of three-quasiparticle structure (AB) 
built on the two lowest positive- and the first negative- parity excitations. 
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The well developped rotation structures extending up to i" = (41/2 ) 

carry no dramatic backbending and are interpreted as due to the prolate shape 

rotation. Indeed, the quasiparticle diagram shows clearly that the 

lowest-energy one-quasiparticle band should correspond to the K" = 9/2 

orbital originating from the Ï13/2 j-shell. Calculations of the total energy 

surfaces for Hg, see Fig.7, indicate a strong tendency to generate the 

triaxial equilibrium shapes which even stabilise at high spin. This tendency, 

together with the fact that the band head is expected to carry a relatively 

large K value (K=9/2) indicates that at the low-spin limit the total spin 

must not be aligned with the cranking axis (0 -axis). For configurations of 

this type the signature symmetry is only approximately satisfied, and thus 

one must expect the presence of inter-band transitions connecting bands of 

opposite, signatures. This effect is clearly present in the decay scheme 

(fig.8) thus confirming theoretical expectations. 

2.3.Studies in the Xenon-Baryum region (A = 120-130)* 

Several interesting aspects of the nuclear behaviour have been predicted 

in this mass region according to calculations, e.g. those done with the 

Wood-Saxon cranking model. Band structures, band crossings, shape transition 

are the main problems to be encountered in these experiments. 

The ' Ba isotopes have been studied by using the reactions Zr + 

S and Mo + S. The proposed level scheme of Ba (see Fig.9) extends 

the yrast band up to Iïï = (22 ) level while two negative parity bands have 

also been identified. The assignments are supported by information on states 
124 19) 

recently observed in La decay studies . The microscopic structure of 

these bands is most likely to originate from the same couplings: h,,,- proton 

with a g 7 / 2 or dS/j> proton. We observe a crossing between the ground band and 
a band whose alignement is about 7H, both bands forming the yrast line. The 

0 
cranking model calculations lead to a preference for a (nil,, , J 

configuration for the crossing band while a neutron configuration is not 

excluded. The interpretation is now in progress. It seems to show that the 

quadrupole deformation increases significantly with decreasing mass. 

An other experiment performed with the Zr + S and Zr + S systems 

has allowed the production of Cs and Xe isotopes whose studies and the 

analysis are in progress . 

* Collaboration ISN Grenoble-CRN Strasbourg; see Ref.17,18 
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The high-spin behaviour of the Xenon isotopes is in many respects similar 
122 17) 

to that of the Barium. The Xe nucleus has been observed in the 
Zr( S,o4n) reaction and the backbending at spin 12* is, following the 

cranking calculations, clearly correlated to a neutron h,.,_ alignment 
contrary to Barium isotopes where some doubts remain. Several other 
properties (negative parity band extended up to 25",...) have also been 122 established. In general the properties of Xe are also similar to these of 
120 181 

Xe observed in an other experiment done with Château de Cristal. The 
positive and negative parity bands have been extended from 14 to 22 and 15" 
to 27" respectively (Fig. 10). 

In a first approximation the irregularity in the positive parity band may 
apriori be interpreted as the confirmation of the alignment of «h,,/, 
quasiparticle in the even-even Xe isotopes. However, the same effect is 119 observed in I (fed in the p4n channel) and would imply, to the contrary, 
that "h,,^ protons contribute to this alignment. One possibility to 
understand this discreplancy could be provided by the hypothesis of the 
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strong proton-neutron interaction (due to a large radial overlay of their 
orbits). Another one could be to assume that the prolate collective rotation 
In one case and oblate collective rotation in the other are taking place. 



2.4. Shape transition in Samarium Huclei around N = 76* 
Recently Samarium isotopes have been quite extensively studied on both 

experimental and theoretical sides. Previous studies of some of these nuclei 
( ' Sm), done within the Lyon-Grenoble collaboration using the on-line 
separator of SARA, have been extended using heavy ion reactions with the help 
of Château de Cristal. The aim of this experiment was to point out : 

1 *?7 
- the break of the axial symmetry around N=76 ( Sm) 
- large deformed prolate shapes for the most deficient isotopes predicted 

by recent lattice Hartree-Fock BCS calculations (see ref.Zl). 
The analysis of data concerning 1 37>138,139,140 S m o b t a i n e d i n t h e 

reactions 3 2 > 3 4 s + 1 1 0 P d is in progress. 
2.5. Yrast Tines of Tin nuclei** 

This experiment was done as a pilot study, the final purpose being the 
-17 -1R 

measurement of nuclear lifetime in heavy ion reactions in the 10 -10 sees 
lifetime range (X K rays splitting). Calculations done with statistical codes 
show that the lifetimes of the nuclear states produced depend strongly on 
their spin value. Meanwhile the interpretation of the measured lifetimes will 
depend strongly on the knowledge of the yrast line of the nucleus studied. 
This leads to the necessity, prior to the final measurement, to study 
carefully the decay scheme. This has been done in the 5 4Fe + 5 8Ni reaction 
where the 3 main channels were those involving the 4p, a2p and 3p particle 
emission. In Fig.11 the decay scheme obtained for the 1 0 5 S n and 1 0 8 S n 
isotopes are reported. One can notice that, contrary to the 1 1 2 ~ 1 1 8 T i n 
isotopes, no collective rotational band, due to the Z = 50 core is observed. 
The effective moment of inertia obtained from this measurements is similar 
for both 1 0 6 ' 1 0 8 S n isotopes and for 1 0 9 S b (3p channel) but with a value 
double for the pairing energy in this odd nucleus. 

These first experiments will be completed in the future by a measurement 
of the entry line of the different reaction channe.o (Château de Cristal with 
74 counters). Further for the X,. - splitting measurement an efficient system 
has to be used to select the final nucleus. Two systems will be used 
* collaboration IPN Lyon-CRN Strasbourg-ISN Grenoble ; see Ref.20 
** collaboration CENBG Bordeaux-CSNSM Orsay-ISN Grenoble-CRN Strasbourg; see 
Ref.22 
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independently: 

- a selection through the decay Y-ray emitted by an isomer if it exist 

(Château de Cristal can be used down to the lifetimes of 1.5 ns). 

- a 4TT particle detector (17 elem^nti) which is now under construction 

will be set at the center of Château de Cristal for a particle fold 

selection. 

3. NUCLEAR MECHANISM STUDIES 

These experiments have been performed with the geometry of 74 counters to 

enable an accurate fold distribution measurement. 

3.1. Fusion reactions leading to the same compound nucleus (see Ref.23) 

The details of this experiment will be found in a contribution done by 

G.Duchene at this school. Here I would just give some ideas about the 

performances of Château de Cristal in this kind of measurements. 

A mean multiplicity measurement previously done with the technique using 

2 Ge detectors and 2 Nal counters has been performed again with Château de 

Cristal and table 1 illustrates the comparison. 



Previ 24 ous experiment Château de Cristal 

Channel 0 <M > 
T 

o <M > 
X 

2n 11 % 27 (2) 11 ( m 27.6(0.6) 
3n 61 % 17 (2) 51 (4)fc 16.8(0.4) 1 
4n 28 % 12 (1) 34 (3)% 11.6(0.3) 1 
5n - 4 (2)« j 1 

Tabt.e 1 : CompanLjon of the pn.evi.oivi mea-tujiement IUO hou/u nun/ of. CJIOM 
section. and mean mUtiplicLty valuer to the mea^unement with Chateau de 
CnJLvtaM Ik houn. num.) in the Se + Se neactlon.. 

The higher accuracy of the measurement done with Château de Cristal comes 
not only on the stat is t ics side, but also from the fact that impurities, l ike 
radioactlvies, can be rejected by use of the fold distr ibution (see Fig.12). 
The analysis of that distr ibut ion is in progress to deduce the mul t ip l ic i ty 
d is t r ibut ion. 
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Figune 12 : Foid d-Litn-ibution^ fan the 2n,3n and Un channel* obtaineii in the 
S0Se. + Se aeactlon. (we can notice the possibility, of ne^ection. of the torn 
fold in. the 2n channel, due to the nadioactivltu emLi'iion) 
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3.2. Charged particles and y fold distributions (see Ref.25) 
The main interest . in this kind of measurements is to observe the 

correlations between the final nuclei, the light charged particle emission 

and the r fold distribution and to conclude on the existence or absence of an 

angular momentum window in the Incomplete fusion reactions. 

A target chamber of 30 cm diameter has been developped for the 74 

counters geometry of Château de Cristal. Four Si telescopes placed at 10°, 

20°, 70° and 140° were used. The second one detected the "projectile-like" 

while the three others detected only the light particles. 

The results for two types of reactions are reported in Fig.13 where the 

fold distribution in function of the light-product energy for various 
19 

ejectiles obtained at E( F) = 5.7 MeV/U are given. We can see in particular 

F19 + NlBO F19 + SM120 

0 SO 0 50 

E L R B (MEVJ E LfiB (MEV) 

Fi.guA.e- 13 : Void dUULbutlon* vejuu* tlie. awtwie. o£ the light paAticle 

anUted and theU energy. £o* £f79 = 109 flleV and O^ = 20". 
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that : 
- the fold value decrease when Z number of the emitted particle 

increases. 
- for Z = 2 the Y. fold is almost independent of the particle energy. 
These data are merely the preliminary results; they will be completed in 

the future by measurements at higher bombarding energies which will enable a 
deeper insight into this interesting problem. 

4. CONCLUSIONS 

In approximately one year of operating time numerous results have been 
obtained with Château de Cristal. The list of studied phenomena encompasses 
the nuclear shape evolution and coexistence in fast rotating nuclei, 
competition between the single-particle and collective features in the 
extreme nuclear excitations, the problem of nuclear Coriolis effects and the 
possible decline of the nuclear pairing properties, but also the important 
phenomena concerning the nuclear reaction mechanism : entrance channel 
effects in nuclear fusiqn process, possible invalidation in some cases the 
compound nucleus theory, structure correlations between gamma and particle 
emission processes, and many others. The experiments have been performed by 
the research teams of all the six laboratories involved in the construction, 
in collaboration with several foreign visitors. The BaF„ detectors developped 
especially for the Château de Cristal are now also of a great help in high 
energy accelerator laboratories. They are particularly well suited for 
experiments where the timing is essential in neutron (or protonj-gamma 
discrimination by the time of flight technique. Several applications have 
also been found for the use of BaF- in particle detection. Simultaneously the 
Château de Cristal has lead to new developments in electronics and data 
handling which have also a significant impact on l.,s new designs in nuclear 
physics studies. 

I am indebted to all my colleagues from the Château de Cristal 
collaboration for their continuous encoumg,,. it and help during the 
construction of the sysiem. I am also grateful for letting me know their 
first results (see Refs.3,14,16,1 7,18,20, 22,23,25). We should like to 
emphasize the fact that the performing of numerous experiments within our 
collaboration has greatly benefited through the theoretical work and help of 
J.Dudek. 
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