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The doublyachromaticspectrometerLISE is availableat the French national heavy ion acceleratorGANIL. Experimentalresults,
obtained in radioactivebeam production and search for new exoticnuclei are briefly reported.

M.G. SAINT-LAURENT

GANIL, BP 5027, 14021 Caen-Cedex, France

Introduction

The USE spectrometer, installed at GANIL, w~
designed for the production of secondary beams with
good optical properties [1]. USE (Ligne d'Ions Super
Epluches) means highly-stripped ion beams. Fully­
stripped or hydrogen- and helium-like heavy ion species
of great interest in atomic physics can be produced with
USE. But this spectrometer is also very useful for
research of nuclei far from stability.

The experimental setup and improvements 'are de­
scribed in section 2. In section 3, I shall explain the
production of secondary beams and the results obtained
near the proton drip line above Z =20. Finally, a chart
of nuclides with all the exotic nuclide results, obtained
at GANIL, is presented.

2. Experimental setup

2.1. Generalfeatures of the LISE spectrometer

USE is a doubly achromatic spectrometer (fig. 1), in
angle as well as in position; this ensures, to first order, a
constant flignt~path length {'IJ.Tjl6< 10-3;[;;;; IS rtiI6r"
the total momentum acceptance ±2.5%) between the
production target and the detector position. Thus the
measurement of the time-of-flight is an important
parameter in particle identification.

For the purpose of these Proceedings, I shall de­
scribe briefly USE and its main characteristics. More
details can be found in refs. [1-3).

The primary beam is focused onto the production
target T using 4quaOrupoles ql to q4 (see fig. I). Up to
ten different targets can be mounted on a water-cooled
copper wheel. The target can be changed by remote
control without entering the experimental area.

Secondary products emitted at 0 0 are analysed or
dispersed as A/Z, by the first section of the line
composed of the first dipole D1 and the quadrupoles
lenses Ql to Q4' Remote controlled variable aperture
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slits are located at the intermediate dispersive focal
plane; they define the Bp acceptance of the line. An
additional stripper foil, an energy degrader, or a thin
position-sensitive detector can be placed behind these
slits.

The second dipole D2 associated with the quadru­
pole lenses Qs and Q6 compensates the dispersion of
the first section. Such a system is doubly achromatic, in
angle as well as in position. The quadrupole lenses Q7
to QlO are used to focus the products at the final focal
point of the experimental area where the detectors are
located.

In order to protect the sensitive detectors from radia­
tion, the first dipole D1 is a largeC-typemagnet which
allows primary beam catching far away from the trans­
mitted beam. A concrete shielded wall separates the
physics detectors from the primary beam catcher. Any
unchecked change of the dipole magnetic field is de­
tected by pick-up coils and instantaneously, a Faraday
cup is inserted into the primary beam.

An on-line computer controls and actuates all the
elements of the spectrometer: magnets, slits and beam
diagnostics. The main characteristics of the line are
given in table 1.

2.2. Beam diagnostics - intensity measurements

The primary beam intensity can be monitored at
several places of interest using Faraday cups or with an
inductive intensity monitor.

The spatial distribution of such relatively intense
beams can be measured using multiwire secondary

. emission monitors. On the other hand, low intensity
secondary beams are monitored by Ar-C02 filled mul­
tiwire proportional chambers operating either as ionisa­
tion chambers (maximum rate"" 108 pps) or as propor­
tional counters (down to 103 pps). They have been
calibrated using a radioactive a source to give absolute
intensities for a given gas pressure and composition,
and for various applied voltages [4).

IV. RECOIL SEPARATORS
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Fig. I. Experimental setup: the USE beam line. The symbols q[to q4' and Q[ to QlO refer to quadrupoles, D1, D2 to dipoles. The

target is denoted by T, the slits by S, the achromatic focal point by F, and the telescope by TEL. Faraday cups are placed at points I,

n, IV, V, and beam diagnostics (secondary emission and ionization chambers) at points 1, n, nI, IV and V.

2.3. Energy degrader as a selection tool

An energy degrader installed in the dispersive focal
plane performs a supplementary selection in Z1.5 / A 2.5

due toa differential slowing down in the degrader. The
degrader used (aluminium, 295 mg/cm2) must be of
variable thickness in order to compensate for the energy
spread and preserve the optical properties of USE. By
tuning the second dipole for some selected nuclei, four
or ru.-e.nuclei are focused at thefocalpoinLAn example
of the selectivity due to a thick energy degrader is
shown in fig. 2. This powerful method, essential for the
production of secondary beams with a high purity [5,6],
is also currently used by the Bordeaux-GANIL col­
laboration [7-9] which operates USE as a Projectile
Fragmentation Isotope Separator (PFIS) for spectro­
scopic decay studies of exotic nuclei.

Table 1
Characteristics of the USE beam line

Solid angle

Maximum rigidity

Dipole deflection angle

Central trajectory radius

Dispersion in focal plane

Maximum slit aperture

Corresponding maximum Bp acceptance

Total distance from target to achromatic focal point

2.4. Thin position sensitive detector to improve the mass
resolution

A parallel plate avalanche counter (PPAC) [3] can be
placed in the intermediate focal plane of the first dipole
to give a very good determination of the position of the
ion trajectory at this point and thus determine the
magnetic rigidity. An excellent mass resolution (.1A/A
= 0.45% at A = 37 for a slit aperture of ± 50 mm) is
obtaine.d, as shown in. fig. 3.

2.5. Sextupole to improve the beam separation at the
intermediate focal plane

The intermediate dispersive focal plane has a slope
of only 200 compared to the beam axis. This· slope
increases the beam size and thus degrades the sep-

G=l msr

BPmax = 3.2 Tm
e = 45°
p=2m
D = d.x/lOO(dBp/Bp)=18 mm

Smax= ±50mm
dBp/Bp = ±2.717%
L=18m
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Fi~. 2. Two-dimensional plot of time-of-flight versus Z ob­
tai~ed in the 40Ca (77 MeYlu) + nickel collision: (a) without
ener~y degrader at Bp' = 2.10 Tm, (b) with a thick energy
degrader(aluminium, 295 mg/cm2) and the valueof Bp! = 2.10

Tm; Bp2 = 1.70 Tm.

aration at this location. A sextupole placed at the inter­
mediate focal plane rotates the focal plane to be ap­
proximately normal (more than 70°) to the beam axis
3ll<l i.mpr:QV~~Jh~_sepa,ration[10],

3. Experimental results

A projectile-like fragmentation process in the inter­
mediate-energy domain can produce nuclei far from the
stability. These products have a velocity close to the
projectile velocity and are strongly emitted in the for­
ward direction [P]. The USE spectr,ometer is 'Yell-suited"
to collect ne~' e~otic nuclei produced with these proper- I-
ties.

To optimise production of secondary beams, as well
as to study new exotic nuclei, a good choice of target,
projectile, and beam energy is needed. This choice can
be made by. using a simple abrasion-ablation;~model
which includes a deexcitation stage of the primary dis­
tribution [11].

20

o
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Fig. 3. Mass histograms of phosphorus isotopes (a) using the
Bp value obtained with a parallel plate avalanche counter
(.1A/A = 0.45% for A = 37) (b) calculated with the following
parameters: the total energy E.o• and the time-of-flightTOF
determined from the signal of thell Edetectorand-the ratio
frequency (RF) signal of the last cyclotron (.1A/A - 0.6% for

A = 37).

3.1. Secondary radioactive beams

For the fragments rather close to the projectile mass,
the USE spectrometer can deliver radioactive beams
~JI1 a g()()d enetgy _res()lution and a small amount of
contamination [5,6J. The yields 1/10 (secondary/
primary beams intensity) obtained with 44-MeV /u 40Ar
and 65-MeV /u 180 are summarized in table 2.

High beam purification is obtained by:
- choosing the right target material and thickness;

beryllium targets are more efficient by a factor 2.5
relative to aluminum and 5 times better than nickel

targets for the production of secondary beams which
1).avemasses close to that of the projectile.
reducing the Bp acceptance of the line (i.e. of thesl1f
aperture) in order to better separate the isotopes in-a
AE-E plot (see fig. 4)

- adjusting the Bp value (see fig. 5)
placing a thick energy degrader in the intermediate
focal plane and by tuning -the magnetic field in the
second dipole to retain the acromaticity of the line
(see fig. 6).

IV. RECOIL SEPARATORS
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Table 2

Production yields (1/10 for various secondary beams obtained from ~Ar aIlq 180 primary beams

3.2. Production and identification of new proton-rich nuclei.

3.2.1. Identification techniques

For the identification of exotic fragments, the detec­
tion system consists of a standard solid-state detector
telescope (3001', 10001', 10001', 40001') placed at the
final focal plane of USE. The time-of-flight (TOF) for
each fragment is measured between the target and the
telescope by signals derived from the .:1 E detectors and
the radio-frequency (RP) of the last cyclotron stage.
The energy information from the telescope, the time­
of-flight, and the magnetic rigidity ensures an overde-
'ternuned identification oC the fragment mass A and
atomic numl:>erZ.

The particle identification is unambiguously achieved
when looking at the two-dimensional plot (see fig. 7) of
lifE /TOF (i.e. Z) versus time-of-flight (i.e. AjZ).
This plot exhibits characteristic curves that are related
to a given isospin projection ~. The line of constant
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TOF, corresponding to ~ = 0, N = Z self-conjugate
nuclei, correlates with the absence' of the well known
unbound nuclei 8Be er. = 0), 9B (~= -!) and 16F

(~= -1) to readily assure the Z and A calibrations.
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'Fig. 4., Beam: purity measurements obtained for a 99-mg/cm2
beryllium target, and Bp =1.938 Tm (a) Two-dimensional plot

,£ -11£ for a slit aperture of ±25 mm (11Bp/Bp = ± 1.4%). (b)
Same as (a) fora slit aperture of ±5 mm (i1Bp/Bp = 0.28%).
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Fig. 5. EffeCt of a Bp vanationon the39CI secondary beam
'purity. TIle b'eam compositions·'are"shown for 5 different BF

values (in Tm). The ordinate 'Scales correspond to arbitrary
units. The Bp value of 1.972 Tni. gives the best purity (84"%)fen
the 390 secondary beam; the"main contaminants 4()CI (4%).
36S (4,5%) and J7S (3%) are indicated close to the correspond,

ing peaks.
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has been experimentally seen [13] eSCa was first identi­

fied by its ,a-delayed 2p activity [22]). With the passible
exceptian af 22Si, ane may assume that the pratan drip

line predicted by the mass relatian af Garvey and
Kelsan [14] is mapped experimentally up to. Z = 20 .

The praten-rich prajectile s~Ni (55 MeY lu) beam

has been used to investigate the pratan drip line ta­
wards higher atomic numbers. Two. targets, nickel (92

mg/cm2) and aluminum (60.4 mg/cm2), have been
bambarded.

Results indicate the baund character af 43y, 44Cr,

46,47Mn,(see fig. 8), and 48 Fe, 50-52 Ca, 51,S2Ni, 55,S6CU

(see fig, 9). The abservatian af these new copper iso.­
tapes demanstrate clearly, that, far the intermediate
energy damain, nat anly the prajectile fragmentation

t.2 1.3 44 45 46 "7 A"8

Fig. 8. Mass-distributions for the elements vanadium. chro­
mium and manganese. They have been obtained by summing
up the data at different magnetic rigidity settings: Bp =1.80,
1.85 and 1.90 Im. Thus, 181, 9, 334 and 15 events are observed

for 43y, 44Cr, 46.47Mn,respectively.
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Fig. 7. A two-dimensional plot of Z vetsus time-of"flight(see
also text).

3.2,2. New proton-rich nuclei
The series afthe T" = - ! nuclei e3Si, 27S, 31Ar and

3SCa) predicted to. give the limits af the pratan drip line

0. 20. 40. 60. 80.
. /lE (MeV)

Fig. 6. Two-dimensional plot showing the isotopic composition
of a secondary beam obtained in the following conditions:
65-MeY/u 180+ 1036-mg/cm2 beryllium: (a) unpurified beam
(BpI = 2.248 Tm, tJ.Bp/Bp= ±0.22%); (b) 16C_purified beam
(BPI = 2.248 Tm, 150 mg/cm2 Al intermediate degrader, BP2

= 2.114 Tm, t.Bp/Bp = ±2.78%).
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Ni
the dr.ipline calculated by the mass re1ation of Garvey
andJ~:~J§on [14], modified by Janecke [15] using ,the
IllosLrecentexperimental masses [16], but one musibe
cautions before making any definite statement ori,
whether or not the drip line has been reached for these
odd isotopes, owing to the steepness of the valley of f1

stability on the proton-rich side.
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4. Conclusions

All the new exotic nuclei [13,17-19], half-lives [7-9]
determined at USE and the results concerning the mass
measureme~t~ [20],performed at the SPEG spectrometer
[12] are summarized in fig. 10. This impact in the exotic
nuclei domain is made possible by the various and
high-intensity beams available at GANIL combined
with the properties of the projectile-like fragmentation
and the good performance of the spectrometer.

I am grateful to all my colleagues from GANIL and
ORSA Y for introducing me to the world of exotic
nuclear physics. Special thanks are due to D. Guil·
lemaud-Mueller, R. Anne and D. Guerreau for a critical

reading of the manuscript and to R. Bimhot for enlight.
ening discussions on secondary beam production.
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Fig. 9. Mass distributions for the elements iron, cobalt, nickel
(Bp = 1.80, 1.85 and 1.90 Tm) and copper (Bp = 1.90 and 1.95
Tm). Thus 27,36,442,3232,7,68,49,380 events are observed

for 48Fe, 50.5t.52CO,51.52Niand 55.56Cu.

process hut also transfer reactions produce new exotic
nuclei. For~theodd elements Z= 23-, 25, 27, 29, these
results are in agreement with the predicted position of

Fig. 10. Summary of experimental measurements performed at GANIL: the bound character of new isotopes, half-lives and mass

measurements are indicated respectively by stars, points and squares. The calculate~d drip lines are also shown by a solid line as
predicted by Uno-Yamada (21) for the neutron-rich side and Garvey-Kelsonformulae [14,16) for the proton-rich side. Nuclei
predicted to be unbound against Ip and 2p emission are represented by dotted lines. The thick lines refer to the last known isotope

on both the neutron-rich and the proton-rich sides.
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