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the ion guide pipe comprising any number of parts of
Abstract various forms and gas molecular conductivity. Within the
. . . molecular flow regime the flow of molecules through the
A simulation program was carried out to calculate th(laon guide pipe is expressed by the equations
pressure distribution and the beam loss due to the charge d0

exchange cross section in order to optimize the vacuugy x) :_W_p and ——=-Aq 1)

system parameters of the heavy ion transmission lines. A dx dx
series of measurements was set up to evaluate the be here
loss in the axial injection systems of the FLNR cycIotronsQ (Pat/sec) gas flow.
The pressure measurements were compared with tifd(cm™/m) specific surface area .
program. q (Paﬁ/sec/cn?) specific static outgassing rate.
p (Pa) pressure.
1 INTRODUCTION w (m//sec) specific molecular conductance.

The isochronous cyclotrons U-400M and U-400 [1]
have been equipped with ECR ion sources provided with
axial injection systems [2]. They were located atop the
cyclotron magnets [3,4]. This paper presents a model for
calculating the pressure distribution and the beam losses
due to the charge exchange with the residual gasses in the
axial injection system. The result of the calculations made
are compared with those of some pressure measurements.
Also Investigated the manner in which the heavy ion beam
transmission factor of the ion guide pipe depends on ttedure 1.
following parameters: the diameters of its parts, the

pumping speed, the gas loading from the ECR ion source, To explain the mathematical algorithm of the program
and the gas desorption rate. let us divide our vacuum chamber into three parts each

part being of lengthy and diameted;. The specific static
outgassing in thépart will beq; , i=1,2,3 (see Fig. 1).
2 VACUUN_I S_YSTEM Granted that there is only one pump and no beam, just
In any vacuum system, the first important gas source éhly the static outgassing, the pressure distribution along

formed by the static or thermal outgassing of weaklyhe coordinates;, x,, andxs is defined by the equations
adsorbed molecules and diffusion of gasses. The syste[gp

pump (S I/sec)

concerned have specific static outgassing rate ranging Q17@4l; gomols, g4 d 3
from 1.3¢10”7 to 1.3<10° Pa//sec/crfi depending on the Fa(x)=—"g—+— o+ o+
pumping time. Responsible for the second important gas gy x 0 x. 0
source is the dynamic outgassing in the presence of the W 175 H 2A)
beam, which results from two causes. The first cause is 1
accounted by the gas loading from the ECR ion sourcey (x,) = Qmih | 9maly qadds
The second cause lies in strongly adsorbed moleculed S S S
being released because of the lost ion beam striking the O37mM3l3Xo + o7y X [ _X_2% 2 B)
ion guide pipe. 12d3 123 2 20
3 PRESSURE DISTRIBUTION ) g7y 1y . q o 5l 2,4 4d 4 3,

X
A simulation program (GENAP7) was developed ¢ 3 S S S
estimating the pressure distribution through the ion guidgsrmslsl » q2nd2|§ gsmsxs 0 x30
. . . . . . . . + + i (2 C)
pipe and the ion beam transmission efficiency in relation 1243 om3 1213 37
to the pressure distribution pattern. The program proposed ~~ 2 2 3
is capable of calculating the pressure distribution throu%here

2172



S (¢/sec) is the pump speed Each pump in the system is responsible for pumping
The gas desorption rate due to the lost beam wélke part of the ion guide pipe that is located between the

calculated according to the next equation [6]. nearest maximum pressure points. The iteration process
will continue until the coincidence of the maximum
o pressure points will be obtained.

pump (S //sec)

The pressure was measured at three points in each
system at various beam current intensities and varying the
number of pumps in operation. The results of the

s
9 ‘) measurements were compared with those of the
simulations. The results of the simulation and
T measurements are shown in Figs. 3 and 4.
d d
Figue2. ’ ” T e o A5 |
. L lon sourcegas load = 2 E-3 Pal/lsec
L Average specific static ougassirg rate = |
L 3 E-7 Pa lisec/cm i
Qg = 1000'2 yiKT 3) [ o 8 , — Simulation resur|
12 & — % o Measurements |
Where = S g g S e Pump's position
Qg (Paf/sec) the gas desorption rate due to lost beam % _ B o S N
I (A) the lost beam intensity > AN i sEsPa .
Z (coulomb)  the average charge state of the lost ions § wer ]
Ji (mol./ion) the gas desorption yield i
K (JouIePK) Boltzmann constant 2 .
T (OK) gas temperature i ]
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Granted that the system configured as shown in Fig. 2 ° 0 200 400 600 800 1000

is only of one pump and static outgassing-free, the gas X(em) _ _ _
loading from the ion source bei (is expected to range  Figure 3: The pressure distribution in the ion guide

from 3x10° to 1.6<10% Pa//sec) and the gas desorptionpipe of the axial injection system of the U-400 cyclotron.
due to beam losseQq , then the pressure distribution S5

through the vacuum chamber concerned will be as g .On b‘eamcurrem,‘szemm‘g+
follows: 3 f&e?ggécsep%iisfi?gtdatzicsoﬁ;gsazzsi\Kgsyercate =
Q D D 4E-5 g % Q 5 E-7 Pallsec/cm -
Po() =~ + QB2+ 20 (4A) 2lz = |
S l2d; SO = LN 8
< 3ES Tt/l) :;) :,.) |
Q 0 X2 10 % o P,-27E-5Pa
Py(x) =—+QF—5+—=01 4B 5 avm s
(%) =g ng2d23 so (4 B) 3 |
0 0 &’ Simulation result
_ Q |2 1 X3 . Measurements
Palxe) = S +Qg[ﬂ.2d§°’ st 12d3 Blf x (<) 1 Pump’s position |
_q Dlz 1 I D' 0 \HH\\\\‘\\\HHH‘HH\HH‘HHHH\‘\HHHH
Pa(xs) = €+Q9D12d23 +§+ 12d§g ! (4 D) 0 200 400 ( )eoo 800 1000
cm

If there is in addition static outgassing the pressure Figure 4: The pressure distribution in the ion guide
distribution is founded by combining equations (2) angipe of the axial injection system of the U-400M
(4). cyclotron.

Pi(%)=R0O)+B(X) ©)

To return to the axial injection systems of the U-400 and 4 TRANSMISSION FACTOR

U-400M cyclotrons, there are more than one pump The transmission factor depends on the pressure
located at four sites along the length of each ion guiQgstibution and the charge exchange cross section
pipe. An iteration process is performed to obtain thgetween the ion beam and the residual gas. The pressure
pressure distribution along the ion guide pipe. The firgfisiribution can be founded as indicated above. The ECR

iteration is according to the next equation: ion source injection voltage lies 12-25 kV range
1 = 1 (6) depending on the ion beam charge-to-mass ratio. In this
P(%) =14 B(x) energy range, the single-electron capture cross section is

much higher than that of single-electron loss cross section
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and of multi-electron capture cross section. An
approximate scaling rule can be used for this energy range 136 14+
[7].
0,,1=143x 102 2TR 270 7) 5 08 |
where §
0z,z-1(cn) the electron capture cross section B i |
z(coulomb) the ion (projectile) charge £ 06 |
R(Joule) the first ionization potential of the target s '
(residual gas). T i ]
In this case, the transmission factor for any ion in the
ion guide pipe can be obtained easily using the next S S R
formula :- 0 10 20 30
Diameter (cm)
0 t E Figure 6: The transmission factor due to the variation
T= exp@—ZﬁQx 1d4az,z—1_[ P(x;) dXH (8) of the diameter of the ion guide pipe in the axial hole of
0 the U400 cyclotron magnet
where
1 5 tran_smission factor _ 5 CONCLUSION
0z,z-1(cm”)  the single electron capture cross section ) o ] _
P (Pa) pressure The investigation of various parameters affecting the
pressure distribution and the transmission factor of the
1.0 - R RRARRY e axial injection systems of the U-400 and U-400M
B 16 5+ ] cyclotrons shows that:
09 - N - » The most important parameter is the static outgassing.
IS - . » The pumping speed is an important parameter from the
S 08 . stand point of reaching the required level of the static
5 - : outgassing as quickly as possible.
2 o07LC B » The transmission factor increases insignificantly with
£ F 4814+ - the diameters of the ion guide pipe for the values of the
S 06 - diameters greater than those of the existing configuration.
= B ] e It is possible to increase the ion beam current up to
05 T 1 mA and the beam losses will not be much higher.
1.0E-7 1.0E-6 1.0E-5 The simulation program is useful to optimize the
Avarage specific static outgassing rate vacuum parameters of the transmission lines and linear
(Palsed cnf ) accelerator after chosing the cross section formula in their

Figure 5: The specific static outgassing effect on theange of energies.
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