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Abstract Cryogenic  pump, '
A simulation program was carried out to calculate the 2600¢/sec Cryogenic pump,
L : | en 2600¢(/sec
pressure distribution and the beam loss due to the char(pecris-14
exchange cross section in order to optimize the vacuum
i isgj i o Bendin
system parameters of the heavy ion transmission lines. A tg
magne

series of measurements was set up to evaluate the be _
loss in the axial injection systems of the FLNR cyclotrons M 7 i nyo%e”'c pump,
The pressure measurements were compared with the prg- |7 2600¢/sec

gram. | 2 - g HI+
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1 INTRODUCTION | |
L] e

The isochronous cyclotrons U-400M and U-400 [1] haye
been equipped with ECR ion sources provided with axi
injection systems. They were located atop the cyclotron
magnets [2,3]. 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 in-
jection 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 the
following parameters: the diameters of its parts, the
pumping speed, the gas loading from the ECR ion source,
and the gas desorption rate.
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el S Figure 2: The axial injection system of the U-400M cyclotron

In any vacuum system, the first important gas source is
- formed by the static or thermal outgassing of weakly ad-
ey sorbed molecules and diffusion of gasses likg N,
— H,O,...etc. from the material of ion guide pipe and through
the seals.
The systems concerned have specific static outgassing

Three rate ranging from 1:210" to 1.3<10° Pa/sec/cn depending
Turbo pump  Turbo pump L olenoids  ON the pumping time. Choosing the <_1Ies_|gn of tr_le ion guide
400 ¢/sec 100¢/sec pipe and the treatment of the material is very important to
decrease the static outgassing and, consequently, the pumping
Cryogenic pump L time. Responsible for the second important gas source is the
2600¢/sec dynamic outgassing in the presence of the beam, which re-
| sults from two causes. The first cause is accounted by the gas

_ 1] loading of N, O,, CO,, ..., Xe from the ECR ion source, this
Median plane  ——————=——— B parameter is expected to range froml@® to 1.6<10° Pa

¢Isec. The second cause lies in strongly adsorbed molecules
being released because of the lost ion beam striking the ion
guide pipe. This means that the dynamic outgassing also de-
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Figure 1. The axial injection system of the U-400 cyclotron

2 VACUUM SYSTEM pends on the material and the material treatment of the ion
Figs. 1 and 2, show the vacuum system of the U-400 &dfle pipe. The ion guide pipes concerned are made of stain-
U-400M axial injection systems. less steel. Used for the seals are VITON ‘O’ rings. The vac-

uum systems were created by the JINR in collaboration with
Vacuum-Praha (The Czech Republic).

0-7803-4376-X/98/$10.00 [J 1998 |IEEE 3607



3 PRESSURE DISTRIBUTION I (A) the lost beam intensity

A simulation program was developed estimating the pressuré& (coulomb)  the average charge state of the lost ions
distribution through the ion guide pipe and the ion beam/i (Mol./ion) the gas desorption yield

transmission efficiency in relation to the pressure distribution (JOUIPK)  Boltzmann constant

pattern. The program proposed is capable of calculating thd (°K) gas temperature

pressure distribution through the ion guide pipe comprisimgie gas desorption yields from the ion guide pipe at room
any number of parts of various forms and gas molecular c@éinperature are considered to lie between 2 and 3 mol/ion.
ductivity. Within the molecular flow regime the flow ofGranted that the system configured as shown in Fig. 4 is only
molecules through the ion guide pipe is expressed by #fene pump and static outgassing-free, the gas loading from

equations an the ion source bein@; and the gas desorption due to
Q(x):—wﬁ and dQ —_Aq 1) beam IosseQ%, then the pressure dlStrIbutIOh through the
dx dx vacuum chamber concerned will be as follows:
where Q [ X, 1)
- = 4 A
Q (Pa//sec) gas flow. Fo(x) S +QL12df+ sJ 4 A)
A (cm™ /m) , specific surface area . \
g (Pat/sec/cm) specific static outgassing rate. _ Q X 1 4B
p (Pa) pressure. Ra(%) S *Q 12d3 * SJ (48)
w (mé/sec) specific molecular conductance. Q | 1 x \
ump (S Usec ump (S sec &% == —2 .= 3_ | if x<I 4C
pump (S //sec) pump (S //sec) PQ(X3) S +Qg 12d§+ S+12d§J ( )
— _ Q L, 1 1) !
Po(Xs) = 4+ Qy| —2+=+—— | if x>l (4C)
e 2(3)= gt 1203 S 12d§J

If there is in addition static outgassing the pressure distribu-
| T tion is founded by combining equations (2) and (4).
d d, dy

_ _ Pi(%) = Py (%) + Ry (%) ()
Figure 3. Figure 4.
4E-5 JAARRARLN SARALRRRL LALLLALALN RAALLLAAN FARAARAL
To explain the mathematical algorithm of the program let us r lon sourceqas lond ~2 E.5 Palsec
divide our vacuum chamber into three parts each part being L fuerage secii static ougassimg rate = |
of lengthlj, and diameted;. The specific static outgassing in i o SR
thei-part will beq;, i=1,2,3 (see Fig. 3). Granted that there is Lo S O pumpsposiion
only one pump and no beam, just only the static outgassing, = B z ]
the pressure distribution along the coordinactlexz, andx3 is % RS g i
defined by the equations [5]. A I \ 7 Average pressure =885 pa |
_ Gthly  Gprdyl, | Gardls ° - .
P = + + + o L |
a0 S S S i ]
ﬂlﬂl[h _ﬁj @A) ]
12d3? 2 i
Pq()(z):qulll_i_%;gzlz_i_%?s_i_ 0 -IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII-
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X (cm)
7dalaXy  gozds X X ; . Cetribiion ; ; ;
Ja7dslsXy Qo703 Xo [|2 __ZJ (2 B) Figure 5: The pressure distribution in the ion guide pipe of the
12d§’ 12d§ 2 axial injection system of the U-400 cyclotron.
P, (xg) = A7rdily dodoly Ggdd s To return to the axial injection systems of the U-400 and U-
a S S S 400M cyclotrons, as shown in Figs. 1 and 2 there are more
+ Gty Oyl GerdaXg (I X3 2 Q) than one pump located at four sites along the length of each
1203 + 2443 * 1243 krf ion guide pipe. The pressure distributions due to these pumps
where 2 2 3 were calculated according to the next equation:
1 1
is th =2 (6)
S (¢/sec) is the pump speed P(X) ;54 B (X)

Not only there is static outgassing but also dynamic o4fhe pressure was measured at three points in each system at
gassing in the ion guide pipe, the latter being formed by tQrious beam current intensities and varying the number of
sources. The gas loading from the ECR ion source is respQiynps in operation. The results of the measurements were
sible for the first gas source and stimulated desorped gas§sipared with those of the simulations. The results of the

caused by the lost ions makes up the second source. Thesgagiation and measurements are shown in Figs. 5 and 6.
desorption rate due to the lost beam was calculated according

to the next equation [4]. 4 TRANSMISSION FACTOR

Qg =1ooolzyi KT (3) The transmission factor depends on the pressure distribution

b and the charge exchange cross section between the beam ion
where

Qg (Pat/sec) the gas desorption rate due to lost beam
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lon beam current is 26041 A of
lon sourcegas load = 8 E-3 Pa lisec
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- Average pecific static outgassing rate = €
2 5 E-7 Pa l/sec/cm
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Simulation result
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) 200 400 600 500 1000 Figure 8: The transmission factor due to the variation of the
X (cm) diameter of the ion guide pipe in the axial hole of the U400 cy-

Figure 6: The pressure distribution in the ion guide pipe of tﬁlgtron magnet.

axial injection system of the U-400M cyclotron. The transmission factor is seen to depend on the average
RLegsure only. On this basis, the relationships between the
Hagsmission factors and the vacuum system’'s parameters

above. The ECR ion source injection voltage lies 12-25 R\Fre investigated under the conditions that are written in
range depending on the ion beam charge-to-mass ratio. In S > and 6. For example, |ns+the %lalmlnjecnon system of
energy range, the single-electron capture cross sectiorihfsU-400M cyclotron, wherO™ and“Ca" 26QuA beams
much higher than that of single-electron loss cross secti$@re being considered and the gas loading from the ion
and of multi-electron capture cross section, it depends on shaerce was being taken to be aboul® Pa//sec, the rela-
first ionization potential of the target (residual gas), variestion between the transmission factor and the specific static
direct proportion to the ion charge, and is independent @ftgassig rate is presented in Fig. 7. In the axial injection
energy. An approximate scaling rule can be used for this eyistem of the U-400 cyclotron, the diameter of the of the ion

considered as a projectile and residual gas considered
target. The pressure distribution can be founded as indic

ergy range [6]. guide pipe in the axial hole of the magnet first was varied
Oy 51 =143x 182,117 276 @) from 2cm to 20cm. The diameter dependence of the transmis-
’ sion factor is shown in Fig. 8.
where
czyz_l(cmz) the electron capture cross section 5 CONCLUSION
Zcoulomb) the ion (projectile) charge The investigation of various parameters affecting the pressure
ReV) the first ionization potential of the target (reyistribution and the transmission factor of the axial injection

. sidual gas). o Systems of the U-400 and U-400M cyclotrons shows that:
In this case, the transmission factor for any ion in our QN4 most important parameter is the static outgassing.

guide pipe can be obtained easily using the next formula: The second cryopump of the axial injection system of the U-

Lo 100 (8) 400M has an insignificant effect on the average pressure and, con-
L sequently, on the beam intensities.
exp[2.69x 10160-Z Z,lj‘ P(x)dx e The pumping speed is an important parameter from the stand
' 0 point of reaching the required level of the static outgassing as
where quickly as possible.
L e The transmission factor increases insignificantly with the diame-
T ) transmission factor ters of the ion guide pipe for the values of the diameters greater
6z,z-1cm’)  the single electron capture cross section than those of the existing configuration.
P (Pa) pressure e The gas load from the ECR ion source has not great effect on the

transmission factor because of the two pumps that are installed
after the ECR ion source.
e |t is possible to increase the ion beam current up to 1 mA and the
beam losses will not be much higher.
The simulation program is useful to optimize the vacuum
parameters of the transmission lines and linear accelerator
after chosing the cross section formula in their range of ener-
gies.
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