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The target fragmentation induced by particule beams is 
since long recognized as a powerful tool to produce 
exotic nuclei. Hearly all nuclei with neutron and proton 
numbers less than that of the target are produced. The 
drawback of such a wide production is that it implies the 
use of efficient Z and A selective devices in order to be 
able to carry detailed spectroscopic measurements. 
Although very productive, the well-known ISOL facilities 
do not cover the full range of elements and even in a 
favorable case like cesium they may fail to separate 
short-lived isotopes like l l 3Cs which decays by proton 
emission. An interesting alternative to ISOL techniques 
is now available with the fragmentation of heavy ion 
beams which is essentially equivalent to target 
fragmentation except for the inverse kinematic. At 
energies higher than 40Mev/n projectile fragments are 
forward focused with velocities close to that of the 
beam. As was already shown by SYHONS in 1979 111 these 
favorable conditions result in a high efficiency and very 
fast separation (according to A/Z) when the nuclei go 
through a simple magnet, 

At GAS1L the high intensity beams have also a low 
omittance and this opens new separation possibilities by 
allowing the use of a good quality spectrometer. The work 
presented here has been made at the LISE spectrometer, In 
one of the modes of operation this device allows to 



separate the nuclei in two steps; i) the nuclei are 
selected according to their magnetic rigidities at the 
exit of the target <A/Z critérium) ii> the nuclei 
selected by the first dlpole are slowed-down in a solid 
material and are again selected by a second magnet 
<A S > 6/Z l •" critérium). The second selection should not be 
understood as an energy-loss discrimination insensitive 
towards A since it rather involves relative momentum-loss 
which is both A and Z sensitive. The details of this 
Projectile Fragments Isatopic Separation (PFIS) are given 
in ref 2. In the intermediate energy domain one can 
obtain analytical formulae giving the correspondence 
between the two magnetic rigidities and the A and Z of 
the nucleus transmitted with the highest transmission. 
Neglecting relativistic effects, the following equations 
are obtained when the projectile velocity is supposed to 
be conserved in the nuclear reaction: 

k ^ BP>; - B P * 

B P r 2 

z = 
kg_ Bpî - Bp* 

Bpr1 

where d is the thickness of the dégrader , ki ; kî, X are 
constants charaterizing the slowing-down process in the 
material (X=3.5 for Al) at intermediate energies. 

The mass resolution at fixed Z is proportional to 
d/R, S being the range of the fragment at the exit of the 
target . In the case of LISE the highest values of d/R 
were set to 0.5 due to a limitation in the way of 
lowering the field in the second magnet. Ve measured a 
mass resolution A/ùA=100 due to the spectrometer. 
However, the use of a non-adjustable exit collimator 
reduced the experimental mass resolution to about 50. 

The results reported here have been obtained with 
an "Ar beam at 60Mev/n reacting on a WOing/cm1 Be 
target. The separated nuclei were implanted in a catcher 
foil placed in between a thin scintillator detecting the 
betas and a high volume (17401^) Ge detector; only gammas 
in coincidence with betas were recorded. The half-life 
measurements have been made by pulsing the beam. Due to 
the short transport time <=200ns) and the low backgrounc 



at the exit of U S E the gamma spectroscopy was carried on 
during both growth and decay of the activity. We thus 
used two different ways of determining the half-life; i> 
by the ratio of the beam-off over beam-on activities, ii) 
by the exponential deoay during the beam-off cycles. The 
first determination may be inaccurate if the beam 
intensity is not constant, in average, during the beam-on 
period. In practice, both types of measurement are 
consistent, and the first type of information has been 
used when the statistics in the beam-off cycles was low, 
as in the case of '"Ne. The check of the procedure was 
made on the following iBotopesi »P, "Al, "Kg, "Se, "Na 
and "C for which the results of this work are given and 
compared to previous determinations in table 1. 

Table 1. Half-life tsl values measured in this work for 
the isotopes which have been used for a check of the 
procedure. 

ISOTOPE "iië "Na =°Sg "Âï "P i 7C 

This «rk 0.62CS) 0,295(20) 0,34(2) 0.031(6) 5,33(53) 0.22(8) 

Prev.Heas, 0,602(8) 0,304(5) 0,325(20) 0,035(5) 5.9(4) 0.202(20) 
[ref] t33 [4] C4] [5] C6) [7] 

These nuclei were identified through their 
characteristic gammas and some of them were used to 
calibrate the CBpuBps) tuning to the optimum 
transmission of a given isotope. Using the formulae given 
in ref, 2 the calibration constants were set for ;"JMg and 
allowed subsequent "a priori" tunings to a precision 
better than 0.1 mass unit on other elements with Z 
ranging from 6 to 15. The mass precision checks were made 
on , BC, S 1Q, "Ne and "P. Due to the finite resolution, 
the tuning of the spectrometer for the "Z isotope allowed 
some contaminants to be also transmitted at levels 
ranging from a few percent to three times the abundance 
of the aZ nuclide depending an the "exoticity" of the 
observed nucleus, Extreme exemples are "P and "S, the 
first being highly produced and clearly separated, the 
second being produced with a low cross-section by double 
charge exchange and the neighbouring isotopes, although 
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Table 2. List of the energies, relative intensities and 
half-lives Cs] of the beta-delayed gammas observed in the 
decay of the studied nuclei, 

" S ;Tw2=8.8<2,2> "Si | Twa=0,87(17) «P ; Twa=S.33(53) 

211,6(4) 100(10) 241,4(3) 100(4) 185,8(4) 2,1(1) 
431,9 (4) 51 (10) 392,3 (3) 59 (5) 579,8 (4) 0,4(1) 
677,5(5) 38(10) 633,7(5) 27(4) 757,5(4) 1,6(2) 
888,6 (4) 50 (12) 1473,4 (5) 19 (6) 812,0 (4) 4,9(3) 

1714,7 (6) 24 (6) 826,9 (4) 15,7(3) 
"P ; Tw»=0,64(14) 1994,8(6) 36(6) 902,7(4) 71,0(20) 

2386,4 (6) 127 (12) 1012,3 (4) 0,7(2) 
1292,3 (4) 100 (6) 3173,5 (10) 41 (7) 1058,3 (4) 5,2(3) 
2224,3 (10) 23 (4) 3349,1 (10) 46 (6) 1256,9 (4) 4,5(3) 
3516,0(10) 13(4) 3590,0(11) 60(7) 1284,3(4) 4,1(3) 
3698.0 (10) 11 (3) 3859.5 (10) 117 (9) 1439,6 (5) 0,6(2) 
4713,3 (10) 10 (3) 4100,8 (10) 146 (10) 1638,3 (4) 35,5(10) 

1729.0 (5) 0.9(2) 
3 7P j Ti/2=2.31(13) 3'Al;Twa=0,050(25) 1960,9 (5) 14.7(5) 

2066.1 (5) 0,7(2) 
* 646,2 (3) 100 (4) 123,8 (4) 100 2019,3 (5) 5,0(3) 
* 751,2 (3) 7,2(6) 2251,4 (5) 1,5(2) 
*1582,9 (4) 74,4(30) "Al jTw2=0,031(6) 2320,1(5) 1,8(3) 
2100,8 (4) 6,1(8) 2540,3 (5) 20,0(8) 
2254.1 (4) 8,2(10) 1941,4 (5) 100 (7) 3076,6 (5) 3,0(10) 

- 2289,4 (8) 11 (3) 3290,3 (5) 100,0(30) 
26Ne ;Tw2=0,25(20) 3042,1(10) 36(5) 3681,5(6) 0,8(2) 

3844,0 (15) 10 (3) 
233,4 (5) 100 4230,0 (15) 14 (3) " 0 ; Twa=2,9(l5) 

or 
3 SSi ; Tw*=0,54(15) "C ; T,,2=0,22(8) T.*T2 r 0,8(4) 

174.7 (3) 106, (6) 475,6 (4) 22 (7) 637,5 (4) 100 (8) 
250,3 (4) 100, (5) 619,6 (5) 18 (8) 917,9 (4) 43 (7) 
424.8 (4) 60, (10) 1374,7 (5) 100 (20) 1862,0 (5) 67 (10) 
878,2 (5) 64, (12) 1848,7 (6) 75 (13) 
921,8(5) 19,(7) 1906,0(6) 49(13) "W j Ti/a'O,32(10) 
1856,2 (6) 45, (10) 

"F jTw»»0,34(8) 96,0 (10) 100(10) 
709,2(8) 63(21) 

1981,6 (4) 100 3137,6 (10) 76(21) 



strongly suppressed, are observed as contaminants due to 
their much higher cross-sections. 

The attribution of a given gamma ray to a given "Z is 
based on the variation of the counting-rate for different 
Bpi-Bp: tunings. When observed as a contaminant a given 
isotope is transmitted at a level always less than 30'/. of 
that observed for the nominal tuning. Confirmation In the 
identification is obtained by the intensity ratios which 
are clearly constant for different Bpi-Bpj tunings when 
taken for two gammas attributed to the same isotope. 

The results for the gamma energies and the half-lives 
of the observed isotopes are given in table 2, In the 
case of " 0 the beam-off activity in the 63V.5 kev peak 
exceeds the beam-on one by 30%. If due to statistical 
fluctuations this observation has a less than J.% 
probability and the half-life yielded by a fit of the 
beam-off decay is Ti/i-2.9±1.5s, a value significantly 
different from the measurement by MURPHY [53, 
Ti,2=0.91±0.35s. A more likely explanation implies the 
existence of an isomer in " 0 having a half-life in the 
range 0.4 to 1.2s and close to that of the ground-state. 
Then both beam-on and beam-off data are well described. A 
further experiment is planned to study the radioactivity 
of -"0 in more details. 
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