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Beams at ISOLDE and requested for HI

e produced isotope from an element independent on target
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How to produce a radioactive ion beam
with the “ISOL” technique

Plasma sheath
Extracted
ion beam

<~1nA for Surface
<~1uA for FEBIAD
<~1mA for ECR

Release loss Condensation Condensation Sidebands

Multiply charged
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From CERN 76-13, 3 conf. nuclei far from stability
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Nuclide t1, (S) A (s e (s g(target)
2Kr 17.2 0.0405 0.199
1.766E-3
T3Kr 27.0 0.0265 0.246
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Release curve Y203 sub-mlcron target vs Nb
foils (30pum)

73Kr release Properties from thick ISOL targets
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Yields of 72Kr have been improved by x10 from 2 103/ pn Cto 2 104/ n C
(combining prod cross section, target thickness, release efficiency
and ion source efficiency)



Courtesy of
K. Johnston,
M. Deicher
et al.
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JP Ramos et al.
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Monte Carlo code to compute
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Monte Carlo numerical simulation of isotope trajectory
(RIBO code)
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Quartz insert
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Anode Cathode Transfer Line Transfer
Line
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> Hot transfer line » Water-cooled transfer line

> Employed for the ionization of the » Employed for the ionization of the

condensable elements noble gases and molecular compounds
Anode 2 Anode 1 Transfer Line

MK3

» Temperature controlled transfer line
» Coupled to the molten metal targets

FEBIAD: “Forced Electron Beam Induced Arc Discharge” 19
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» Full cocktail of possible phenomena.

» Not all appearing all over the variation range of the operation parameters.
» Some of them can be neglected at the nominal parameters.

» Application range has been investigated (experiment vs. theory).

» Performance limitations could be pointed out, justified and removed

20
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Ionlatlon efﬂuency modeling

> 1 electron passage;

» Nno ion trapping;

» T, =150 eV (e-V, e INitial energy);

» T,=0.17 eV (2300 K, thermal energy);

» n, = temperature dependent (cathode emission given by Richardson Dushmann);
> n,=dep.on pressure, N, i, Cour-

21
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15! prototype: sim

CPO simulation of the internal electrical field distribution

Total generated currents: Total generated currents:
e Electrons: 15 mA (150 eV) — Electrons: 15 mA (150 eV)
MK7 "active” volume | | 0hs: 25, (0.2eV) VADIS "active” volume | 55 25,A (0.2eV)

149V
145V

P ¢
Ty L //

149V
145V

% 140 V

N // / 135V
130V y 0

> With electrical charges (1 passage through the volume)
» Active volumes (in color): (132V; 149.8V) for MKZ7;
(130V; 149.8V) for MK5

=> The difference in active volumes can justify the efficiency difference.

22



2“drototype reslts

VADIS (VD5 and VD7) (He &Ne &Kr &Xe) injected current; 7.1 uA

Anode =150 V Ar injected current: 4.6 pA
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=> Better efficiencies, with understood limitations.
L. Penescu et al., Rev. Sci. Instr. 81(2), 02A906 (2010)



Novel VADIS ion sources

yields on noble gases: x5-10 vs previous figures
229Rn, D. Neidherr et al., Phys Rev Lett 102, 112501 (2009)

Other elements : improvements, eg Hg beams : x5

Outcome & perspectlves

Ongoing tests of laser ion source in VADIS cavity for refractory elements

Hg yields from molten Pb targetsat ISOLDE
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yield [1/uC]

Recover of hlstorlcal 30Na ylelds
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Evolution of yields of 3°Na from UCx targets over time under irradiation at ISOLDE
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L. Biasetto et al.
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How to do release modeling from this material “ A Gottberg et al.
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1St Targets used CERN PS for
rarget preparation-@lKall metals (p 10-24 GeV)

5cm long, 6mm diameter.
36x 70um C, 1-10pum (1-8mg/cm?) U compound, 100um gap: tot 0.3g/cm? U
Operated at ca 1500°C

UO,(NOy),.6(H,O) layer, converted to UO; at 200°C Fission
Heated further to obtain U;04 / UC /UC, / oxycarbide (10.5GeV p on ThCx)
Rb release

Phys Rev Lett, 1968
1000 counes ‘

]
|

After
Proton
| pulse

R. Klapish et al.
(UCx at CERN-PS&IPNO/CSNSM, 1967)

Time (ms)

. 8 EEEEiEEEE

4
100 200 300 400 500 600 700 800

Na from Ir/C target
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Developments of ISOLDE - converter

Improvement of fission yields (for ex. 89Zn,
130Cd)

and further reduction of isobaric contaminants
(80Rb’ 13OCS)

Optimization / Default

80
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£ 40
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20_ 5 & 65 am g e
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C beams as CO*,

Vapor pressure of atomic Carbon and different Carbon molecules

Richard E. Honig. Radio Corporation of America, Princeton 1995
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Condensation

. Selffert et al.
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Ratio CO/CO2

n. T,

Extracted
ion beam

<~1nA for Surface|
<~1pA for FEBIADQ
<~1mA for ECR

Sidebands

Multiply charged

lon source: VADIS

10 5
14 n-" g " a—"
E o
!
0.1
J“ ° oo
P o =
.
0.01 [
— = — experimental result
iy * — theoretical expactation
1E-3 4
T T T T T 1
0 50 100 150 200 250

Electron energy [eV]



92 elements will be produced @
ISOLDE ?

Group
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700 5.5 32 320 50 2.7 1010
800 5.6 28 150 71 2.6 1010
1000 4.7 28 1600 51 4.1 1010
1130 3.3 27 190 79 3.1 1010
1400 1.8 24 270 32 2.9 1010
T. Stora et al.,
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