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Selective production of isotopes 

principle: nuclear reactions 

1 0 1 3 p r o t o n s / b u r s t + any t h i ng 
→ "a lmos t any t h i ng " 

choice of target material ! 

for high intensity radioactive beams: 

th ick t a r g e t s ! (diffusion and desorption of 
neutrals with radioactive nuclei) 

there is a drawback: 

needs i on i ze r ! (+60 kV acceleration before 
mass separation) 

(therefore a transfer of atoms from the target 
to the ionizer) 

ALL THIS HAS TO HAPPEN FAST! (lifetimes of <10 ms) 
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TARGET 

should be THICK: high yields 
→→ should be CLEAN: unwanted products, dirt load 
→→ should be HOT: fast diffusion to the surface 

(but not too hot: e.g. evaporize the target material!) 

→→ should have large surface/volume ratio: 
same reason 

→→ should have "good" surfaces for desorption ! 

examples: Niobium foils, Uranium carbide, Magnesium oxide, 
Iridium powder, etc. 

NOTE: the target container (and transfer line) has to be made of a 
material which can be vacuum tight and can withstand high temperatures 
and radioactivity: Tantalum (in most cases), Tungsten, Graphite,... are 
used. 

TRANSFER LINE 

→→ 
→→ 

should be SHORT: 
should be TIGHT: 
can be COLD or HOT: 

lifetimes 
losses 
selectivity of noble gases 
/ others (affinity!) 



ION SOURCE 

→→ 

→→ 
→→ 

→→ 

wanted: high EFFICIENCY (for desired element!) 

should be "SMALL": lifetimes 
should have a large exit hole: 
(but not too large: efficiency, beam optics) 
should be COLD or HOT: element sel. 

su r face ion ize r 

atoms leave a hot surface after collision with one electron less (positive 
ion) or more (negative ion), if the ionization potential is below 7 eV or 
the electron affinity above 1.5 eV, respectively (efficiencies between 
0 .1% and 100%, about 40 to 50 elements). 

→→ element se lec t iv i ty ! 

examples: hot tungsten surface. VERY GOOD for alkalines (Li, Na, ...) 
LaB6. efficient for Cl, Br, etc. 

advantage: "EASY TO OPERATE" 



" p l a sm a " ionizer 

atoms are ionized by electron bombardement and/or collisions with other 
ions in a low density plasma; electrons injected into the source from a hot 
cathode (metal plate, filament), and "contained" in a magnetic field (for a 
short while only...) 

→→ HOT: 
COLD: 
+ GASES: 

for elements with high affinity 
for noble gases 
to form molecular sidebands 

all together: element select ivi ty !! 

examples: Ne isotopes: cooled transfer line 
+ "cold" plasma source 

Cu isotopes: hot plasma source 

F isotopes: hot plasma source, addition of CF4, 
found as A1F+ sideband (SiC target !!!) 

(operation involves several parameters: cathode heating, anode voltage, 
magnet current...) 
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Y I E L D S A T I S O L D E P A R T III z = 8O 

Date 
Target material 
Ion source 

Target thickness 
Projectile 

: 29.8.77 
: Molten lead 
: Plasma discharge 
with heated line 

: 170g/cm2 
: 600 MeV protons 

Mass No. Half-life Yield (atoms/ s) Remarks 

177 
171 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
205 

0.17s 
0.26 s 
1.1 s 
2.9 s 
3.6s 
11.2s 
8.8 s 
30.6 s 
50 s 
1.4 min 
2.2 min 
3.3 min 
7.7 min 
20.0 min 
50 min 
4.9 h 
3.5 h 
367 y 
9.5 h 
Stable 
64.1 h 
Stable 
Subie 
Stable 
Stable 
Stable 
46.6 d 
5.2 min 

8.90 x 10- 1 

3.80 x 101 
1.60 x 103 
5.30 x 104 
7.10 x 105 
7.90 x 104 
4.50 x 107 
1.30 x 104 
2.50 x 104 
5.60 x 104 
1.30 x 109 
2.00 x 109 
3.20 x 109 
4.00 x 109 
5.00 x 109 
5.60 x 109 
6.30 x 109 
7.10 x 109 
6.30 x 109 
7.10 x 109 
7.10 x 109 
6.30 x 109 
6.30 x 109 
4.20 x 109 
2.80 x 109 
7.90 x 104 
9.30 x 104 
6.30 x 107 

Ref. 1 
Ref. 3 
Chemically selective 



P A R T III Y I E L D S A T I S O L D E Z = 3 

Date: 
Target material : 
Ion source: 
Target thickness: 
Projectile: 

7.5.80 
Uranium carbide 
W-surface ionization 
13 g/cm2 

600 MeV protons 

Mass No. Half-life Yield (atoms/s) Remarks 

7 
8 
9 

11 

Stable 
842 ms 
173 ms 
8.70 ms 

8.20 x 109 
5.80 x 107 

3.90 x 104 
1.40 x 105 

Ref. 7 
Ref. 8 
Chemically selective 
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ISOLDE STARTUP



WHAT DO WE WANT TO MEASURE FIRST?



1992 PSB-1S01BE SCHEDULE 



COLLINEAR 
LASER SPECTROSCOPY 
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  ATOMIC

LEVEL         SCHEME



FAST (ION) COLLINEAR LASERSPFCT ROSCOPY BEAM



DETECTION OF RESONANCE 
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Figuur 2.8.: 

Blokdiagram voor experimenten met optische resonàntiedetektie. 



M A S S N U M B E R 



HoI ( atous) 



I=7/2



149, 151, 153 



11 Li 



OPTICAL PUMPING WITH CIRCULARALY 



Fig. 1 . Schematic view of the experimental setup. The arrows indicate the nuclear spin direction. 



NUCLEAR  SPIN IS POLARIZED 



N M R in Li NbO3 



At RF - resourance : 



Figure. Quadrupole splitting of NMR signals of 9Li and l 1 L i 
in LiNb0 3 , measured by simultaneous irradiation of 
three equidistant frequencies. 




