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Abstract : Cryebis is the fully stripped heavy ton source for Saturne.Recent results will be 
discussed. The concept of us a low charge state ion source to inject any desired ions into 

Cryebis for r ionization has been successfully tested. 

Cryebis, an ion source for the production 
of highly charged ions, is to be .installed 
on the Saturne II synchrotron i.n the fall 
of 1983. A bri.ef descripti.on of the 
source and its history will be presented, 
along with the most recent experimental 
results. 

Cryebis makes use of the stream of 
elec rans fcom an external elec ron 
gun to ionize heavy atoms by successive 
coll.i.sions The electrons are focussed 
and conducted thcough a set of drift 
tubes by the strong magnetic field (3 Ts) 
of a rconducting solenoid as shown 
in Fig.1 Production of highly charged 
ions depends critically on the product 
of electron current density and ion 
confinement time, or J7. In order to inject, 
contain the ions for the necessary time, T, 
and expel the ions, the drift tubes 
are biased as shown in Fig.2. Radial contain­
ment is provided by the potenti.al well of 
the electron beam as well as the st 
magnetic fi ld. S.i.nce the presence o 
residual gas in the tubes would lead to 
contamination of the potential well by 
unwanted ions, and charge exchange, the drift 
tubes are cryogenically cooled to 4°K to 
pump any gas,, 

Fig.1 - Schematic of Cryebis 
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Fig.2 - Drift tube potential distributions 

In spite of excellent experimental results 
achieved i.n 19792 , the source has not yet 
been used to i.njec t ions into Saturne II. 
Various problems with coolant leaks, magne­
tic field errors, and the gas injection 
system made it difficult to obtain reliable, 
reproducible results. Many modifications 
have been made 3 , the goal of which has been 
to produce at least 109 charges of NelO+ or 
N7+ per pulse, in a reliable manner. Figure 3 
shows an example of one problem with the 
gas injecti.on system. The quant ty of i.ons 
produced as a func ion of confinemen ti.me 
depends strongly on the gas used. As shown 
in i.g. , the i.njec ion tr-1 ·· 
bution allows ions injection 
zone to migrate into the containment region. 
Gas is introduced continuously into the 
injection zone, providing a source of ions. 
The containment set of potentials is applied 
next to trap the ions and also to prevent 
ions from entering the containment zone. 
Neutral gas, however, is free to travel from 
the injection zone (at 77°K) to the contain­
ment zone (at 4°K). Gase~~ y,;hich are pumped 
at 77°K such as argon, will behave quite 
differently from gases which are not pumped 
until they reach the confinement zone, such 
as neon. 
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Fig.3 - Quantity of ion charges expelled 
from Cryebis versus confinement time 

for Neon and Argon 
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An external low charge state ion source 
was developed to resolve this problem. A 
duoplasmatron is placed downstream from the 
electron collector, as shown in Fig.4. The 
source has been successfully tested, and 
has been shown to be a celiable means of 
injecting material into Cryebis 4 . 

*On leave from Lawrence Berkeley Laboratocy. 
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Fig.4 - Schematic of external source 
arrangement 

External ion injection opens up the possibi-
1.i ty of injecting solid material into an 
EBIS, as well as the possibility of rapidly 
changing materials, even on a shot to shot 
basis, through the use of multiple external 
sources. 

Another problem, that of ion losses during 
the containment period, is also shown in 
Fig.3. This problem is extremely serious 
since it limits the JT and therefore the 
ability to produce high charge states. In 
order to reduce the rate at which ions were 
lost the drift tube diameters were increa­
sed. Figure 5 shows the quantity of ions 
produced as a function of confinement time, 
for both 5 mm and 10 mm diameter drift tubes. 
Electron gun, potential distributions, and 
external source parameters remained approxi­
mately the same. As can be seen, the loss 
rate is much greater for the smaller tubes. 
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Fig.5 - Quantity of ion charges expelled 
from Cryebis versus confinement time, for 

5 mm and 10 mm diameter drift tubes 

Even with the larger diameter tubes, the 
loss rate was too high to attain the desired 
charge states. Since classical electron-ion 
collision processes were too slow to explain 

the losses 3,5 electron beam instabilities 
were suspected. In an attempt to reduce this 
effect, the electron gun current was substan­
tially lowered. Fig. 6 shows the quantity of 
ions produced using a current of only 6 mA. 
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Fig.6 - Quantity of ion charges expelled 
from Cryebis versus confinement time for an 

electron gun current of 6 mA. 

Even though this mode of operation decreased 
J, the current density, it allowed a large 
increase in 7, the confinement time. The 
charge states produced by this mode of op­
erati.on are shovm in Fig. 7, for both ni 
and neon. About 6 x 109 charges of 
1.5 x 109 charges of NelO•per pulse have been 
produced reliably and reproducibly in this 
manner. 

A mode of operation has been found which 
reliably produces greater than 109 charges 
of N7+ or NelO+ . This enables Cryebis to be 
installed on Saturne II in the fall of 1983. 
Improvements will be made in the electron 
gun system during installation, to produce 
fully stripped heavier ions, but the present 
gun system will be retained as a standby to 
insure reliable operation. 

A new source, Dione, is presently under 
construction.This source will operate with 
a magnetic field of 6 Ts and a new electron 
gun designed particularly for this appli­
cation and capable of voltages up to 30 kV. 
The objectives are to produce charge states 
as high as Xe 50+ in a time of the order of 
15 ms. This source v1ould be used with a 
storage ring, Mimas, to inject ions into 
Saturne II. 
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Fig.7a - Distribution of charge states 
obtained for nitrogen with 100 ms 

and 300 ms confinement times 
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T = 100 ms 

T= 381) ms 

Fig.7b - Distribution of charge states 
obtained for neon with 100 ms and 380 ms 

confinement times 


