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Abstract 
To evaluate the effectiveness of the unique 

internal cryopumping system , the pressure in the K500 
superconducting cyclotron was measured as a function of 
radius for various gas flow rates emanating from the 
int ernal PIG source . For the test, a nude ion gauge 
with vertical dimension less than 2.3 cm was built and 
mounted on the ~nternal beam probe. The effect of 
magnetic field on the i on gauge reading was determined 
and a method of degaussing the cyclotron was devised. 
Data from the normal shielded ion ga uge located 
approximately 6 m away from the median plane was 
correl ated wi th the int ernal vacuum measurements. 

Introduction 
The transmission of partially stripped heavy ions 

through the K500 cyclotron is dependent upon the vacuum 

conditions in the accelerat ion chamber. 1 In an effort 
to minimize the beam loss due to residual gas 

stripping , the K500 Cyclotron2 was designed with liquid 
helium cooled cryopanels located within one side of the 
accelerator dees and approximately 2.5 cm away from the 
magnet median plane, i.e. the acceleration reg i on of 
the beam. A schematic drawing of the K500 pumping 
system is shown in Fig. 1. The high magnetic field of 
the superconducting cyclotron has made it very 
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Fig. 1. A schematic drawing of the K500 vacuum system. 
The final vacuum is maintained by cryopum ps located 
near the cyclotron median plane and turbomolecular 
pumps located -6 meters above the magnet median plane. 
Because of the strong magnetic field of the 
s uperconducting magnet an ion gauge located 6 m away is 
normally used to monitor the cyclotron pressure. 

difficult to obtain reliable vacuum data in the 
acceleration chamber during normal operating 
condit i ons. The usual vacuum monitoring ion gauge is 
located 6 m from the magnet median plane. A program of 
designing a small aperture ion gauge and making various 
measurements was undertaken to remedy this lack of 
vacuum knowledge. The results obtained are described 
in the following sections . 

Ion Gauge Design and Calibrating Check 
To measure the pressure as a function of radius 

required that the ion gauge be mounted on the internal 
beam probe of the cyclotron. This beam probe head is 
mounted on a "trolley car" arrangement, and its track 
is located on the center of the superconducting magnet 
pole tip hill. The track follows the spiral of the 
pole ti p to the beam extracti on r adi us, wher e it then 
follows a radial path. The probe with the vacuum gauge 
mounted on it is shown in Fig. 2. The posit i on of the 
probe head is moni tored, and a computer program 
calculates the probe radial posi tion and displays it as 
a readout in the control room. 

Fig. 2. Photograph of the acceleration reg ion of the 
cyclotron . The PIG ion source is inserted into the 
hole located between the three dees. The articulated 
beam probe, with the nude ion gauge mounted on its end 
is being inserted from the bottom of the photograph and 
on the center of a magnet pole tip . The magnet top has 
been lifted up for this picture, but when lowered has a 
s paci ng 1 ess' than 2.5 cm bet ween pol e ti ps . 
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The l ocation of the probe on the center of the 
magnet hill requires an ion gauge that wi l l sit in the 
space ava i lable between the probe track and the upper 
pole (2 . 3 cm) . A Var i an ion gauge (5-TDV-4-D) was 
modified to meet this height requirement by str i ppi ng 
away its o u ter g l ass envelope. The ce nt er 
collectorpi n was reco nnected to a spare base pin , so 
that al l of the wire connect i ons were on one end of t he 
gauge. (F i g. 3 . ) (Nor mally the center coll ector pi n 
enters the glass envelope at the end opposi te the base 
pins.) For cal i brat i on the nude ion gauge thus creat ed 
was mounted in a large vacuum chamber t hat also had a 
s t andar d unmod i fied i on gauge monitor i ng the chamber 
vacuum pr essure. The pr essure i n t he chamber was 

varied from 1 x 10- 3 Torr to 1 x 10 - 6 Torr and the 
reading di fferences between the nude gauge and the 

Fi g . 3 Photograph of the nude i on gauge mounted on the 
end of the cyclotron internal beam pr obe . the cen t er 
electrical pin col l ector of the ion gauge was modifi ed 
to exit f rom the same s i de of the i on tube as t he 
fi l ament and grid connections . 

standard gauge were found to vary by less than 1%, 
thereby assuring us that the process of modifying t he 
gauge had not s i gnif i cantl y changed i ts ca l ibrati on. 
The curren t feedthro ughs for the beam probe head were 
utilized for t he ion gauge connect i ons, us i ng the 
appropriat e s i ze wi res and coaxial cabl e. The gauge 
pressure was read by a standard i on gauge vacu um 
readout . 

Magnet i c Fi el d Effect on the I on Gauge 
To measure the eff ect of the r es i dual magnet i c 

f i eld on the i nternal i on ga uge reading, t he magnet was 
f i rst cycled to reduce t he residual field to a small 
value (F i g. 4). A Hall probe mounted i n place of the 
ion gauge was used to determine the magnet i c fi el d 
profi l e wi t h radius. The pressure was then meas ured as 
a func t ion of radius with t hi s residual fi eld , and wit h 
the additional f i eld of t r i m coil No . 12 operating at 
50 amps . The f i eld of tr i m coi l No . 12 is shown in 
Fig . 4, and the pressure read ings for the t wo 
condi tions are shown in Fig. 5 . A fi el d of 11 0 gauss 

caused the pressure reading to change by 1.5 x 10- 6 

Torr. The ef fect of res i dual magnet i c f i el d dur ing the 
pressure meas urements i s est i mated to be less than 10%, 
so no correct i on was made for thi s. 

Pressure Resul ts 
F i g. 6. i s the measurement of pressure versus 

rad i us f or nitrogen gas flowing into the cyclotron 
through the PIG ion source gas feed l ines for various 
flow rates. The ion gauge radius is defined as the 
distance of the center point of the ion gauge collector 
pi n from the center of the cyclotr on magnet. The i on 
gauge collector pi n is 5 cm long and therefore is 
sampl i ng the pressure over a 5 cm radi us regi on when 
the probe head is on a radial line. The vacuum in the 
chamber is maintained by only two dee cryopumps and 
three turbomolecular pumps . The temperatures of the 
cryopumps were 10 . 8 K(B) and 6 . 6 K(C) . The pressure 
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F i g. 4 . The r es idual magnetic fi eld in the K500 
cyclotron dur i ng the press ur e meas ur ements, shown from 
38 to 11 2 cm , is everywhere I ess than 30 gauss. Thi s 
measurement was taken - 10 hours after degaussing the 
superco nduct i ng magnet and the co i l current had decayed 
to near zero . The magnetic f i eld of trim co il No . 12 
at 50 amps is also shown . This coil was energized at 
the end of the pressure meas ur ements to determine the 
effect of the residual magnetic field on the ion gauge 
readi ng . 

c urve f or zero gas f l ow, the base pressure, represents 
t he operating press ure for injected beams from the ECR 
i on source. This pressure can only be improved by 
addi tional pumping or by the se.ali ng of smal l leaks . 
The pressure increases near the outs i de radi us of the 
cyclot ron , poss i bly reflecting the lack of pumping 
speed at this rad i us . As the gas flow is i ncreased , 
the pressure increase i s greater at the cyclotron 
center where the gas enters. 

Figure 7 is the correlation of pressure between 
the " medi an pI ane" (or normal) i on gauge and the nude 
gauge at different flows . A separate experiment on 
so urce gas usage was performed wi th the "median plane" 
ga uge and the operat i ng PIG source . The change i n gas 
flow to the so urce was determ i ned between the 
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Fig. 5. The pressure versus radius in the K500 
cyclotron was measured with and without the current in 
trim coil No. 12 energized to 50 amps. Using the 
fields from Fig. 4., the effect of residual magnetic 
field on the vacuum ion gauge was found to be less than 
10% of the ion gauge reading. 
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Fig. 6. Pressure versus radius for different ni trogen 
gas flow rates. The pressure increases more in the 
cyclotron center as is expected si nce the gas enters 
through the source at that location. The pressure 
remains fairly constant over the cryopanel regi on (13-
60 cm), then increases at the outer radius of the 
cyclotron. The last internal orbit average radius is 
68 cm. 
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Fig. 7. A comparison of the "median plane" ion gauge 
reading and the nude ion gauge is shown for various 
nitrogen gas flow rates. The "median plane" gauge 
closely follows the nude gauge pressure from 25 to 63 
cm for all gas flow rates. The base pressure val ue is 
lower than the "median plane" ion gauge. 

source arc "strike and optimize ," versus the "arc-off."· 
I t was found that the gas flow must be reduced by 50% 
for the" arc- off" in order to achi eve the same pressure 
reading in the "median plane" gauge. A typical PIG 
source gas flow usage is between 1 and 2 cc/sec. 

Concl usi on 
The pressure profile as a function of radius has 

been determined for the K500 superconducting cyclotron. 
This pressure profile can now be combined with 
theoretical beam loss cross sections dnd compared with 
measured beam attenuations. These results will aid in 
the deCision process of any future vacuum upgrade. 
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