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2 RADIAL PRESSURE DISTRIBUTION
Abstract o
The total gas loading in the cyclotron vacuum

A simulation program was developed to calculate th(éhamber |n\{olves the following main gompongnts:
ethe working gas flow from the internal ion source

pressure distribution and the beam loss due to the charé;J A g
exchange cross section in the FLNR heavy ion cyclotron@sually for a PIG source, [@3-6)10~ TorrIIsec for Xe

. 3 <1
A series of measurements was carried out to evaluate PfeKr working gas and Q(6-9)10~ TorrllIsec” for Ar or
beam loss. These measurements and the pressh'ﬁév

distributions were compared with the program results. ~ the thermal outgassing from the surfaces of the
constructional materials (the specific static outgassing

q 01010° TorrlISec'? in the steady state),
1 INTRODUCTION - the atmospheric gas flow through the micro-defects in
the vacuum chamber (it was found experimentally to be

The compact type cyclotrons U-400 and U-400M0 More than 1.0% of the thermal ou'Fgassing [2]). '
provide accelerated heavy ion beams (with ion charge-to- W€ can disregard the ion stimulated desorption,
atom mass ratio z/A from 0.03 to 0.2 for U-400 and frorRécause in the optimal regime of beam focusing it is
0.1 to 0.5 for U-400M and over a wide range of energ§ignificantly less than the thermal outgassing for ion beam

) ' i 1. 51
per nucleon up to 20 MeV/amu and 100 MeV/amintensities of M0™ +110°s", o
respectively). At present, these two cyclotrons are being FOr the case of the cyclotron geometry with azimuth
equipped with ECR ion sources and axial injecti0,§ymmetry and an |r)ternal gas flow inside th_e cyclotron,
systems [1]. Previously PIG ion sources were used, whi¢Re pressure profile is expressed by the equation:
can now be used as alternative sources for the U-400 PN =R+ Q @
cyclotron. The loss of the intensity of the beam due to its Grr

charge-changing collisions with the residual gas moleculggere p=p ( R) is the pressure at the pump’s positions,
is determined by the cross sections for the loss processs the gas flow rate due to the ion sourcg, i the gas
over a wide range of energy and depends on the pressggy conductivity, R is the vacuum chamber radius.
distribution in a cyclotron. The average pressure inside The radial gas flow conductivity inside the vacuum

the cyclotron is a function of the vacuum chambergnamper of the cyclotron can be obtained from the
conductivity, the pumping speed of the pumps, the 9a&udsen formula:

loading from the internal ion source such as a PIG source 4 1

and the outgassing. Five oil diffusion pumps (both for the GRr-r = 3Vam 2)
U-400 and for the U-400M cyclotron) with a total M(x)

pumping speed of 20000 I/s are used in order to provide F2(x) dx

an average pressure of (819110° Torr inside each r

cyclotron. wherev, is the molecular average thermal velociiy, F

The computer simulation program VACLOS usingare the perimeter and cross section of the azimuth periodic
EXCEL has been developed to determine the beam lossgment (hill and valley of the magnet poles) of the
caused by the charge-changing collisions between variouscuum chamber.
heavy ions and residual gas molecules in a cyclotron. From equations (1) and (2), we can get the pressure

This program includes the following main parts: profile resulting from the gas loading of the internal ion
- the determination of the pressure distributiorsource:
inside the cyclotron; 3Q 10R nl”( R- ')D
_ . . . n= + i — 4+ 3
the evaluation of the ion charge changing cross AN=R 21, hzgﬂ p — %l ®)

section;
— the calculation of the transmission factor forvhere n is the number of the pole sectors, h is the axial

gap between the magnet poles.
The pressure produced by the thermal outgassing is
presented by :

different ion beams.
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R n 1 r the sum of all the relevant capture and loss cross-sections
Ry(r) = |:E')+J‘q_dx+ , Iqﬂdx’ ) in cnf/molecule.
GRr-r GRr-r
0 1.0
where q is the specific static outgassing, ap@PPy is
the pressure at the pump’s position. 0.8
Equation (4 ) leads to: '
' .. 38nq | mg.2_ 25,3 5
P(N=QKR+ — -r°g+—-h(R-r g i
(N="h 2y, 4n%Q % > ( ) g 06 N
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where r changes fromgRo R. o K exp)
Then the average pressure in the periodic segments 0.0 " , ,
(hill, valley and regarding the dee’s position) of the 0.0 0.4 0.8 12 1.6
vacuum chamber was calculated. The results are in good Radius (m)

accordance with the previous measurements [3].

The intervals of working pressure for the U-a4od9ure 2. The transmission factor for the cyclotron
cyclotron equipped with either an ECR or a PIG ior?quped with a PIG ion source, calculated in accordance
source are presented in Fig. 1. with the two models (joint I-1l and 1), as compared with

the experimental data for  accelerated igAs®* (up to

1E5 : 9 MeV/amu, Q=6.810° TorrlsY) and gKr’* (up to
""" P,,=2.2E-6 (Tor) 4 MeV/amu, Q=610 TorrIIS") at an average pressure of
---------- P_=1.2E-6 (Torr) _ 6 . . . s .
P’ =3.3E-7 (Torm) Pa=1.210" Torr (cor_15|der|ng radial pressure distribution)
at the extraction radius R=160 cm.
--._____Q_:_Z_.SE—Z Torrl/s
- y Several analytical and semi-empirical models +9[4
8 | FiGreourceworking range have been applied to the calculation of the cross-sections,
g L e 0=5E-3 Torr1/s ] and, obtained as a result, the transmission factors of every
& [T model were compared with the experimental data on the
e O=6E4 Torrl/s vacuum losses of accelerated heavy ions in the U-400 and
ECR-source working range U-400M cyclotrons.
g rang The best accordance with the experimental data has
been found for the joint model of the two following
1E-7 , , , models :
0.0 0.4 0.8 1.2 1.6

. Oc =2x10152%(13p) ™ 7
Radius (m) c z ( B) ( )
Figure 1: The calculated radial pressure distribution for _ -15 2 -5

. . . oL =2x10 1+z)°(13
the U-400 cyclotron, being equipped with an ECR or a L ( ) ( B)
PIG ion source, at the corresponding average X Bx %_ 2(2—7)+ 1% (8)
pressure at the extraction radius R=160 cm e DD 242 0

— 5 142
(9= 110" Torrlisec ) for 1,N beams. Where the mean charge valie is approximated by

Z= Zp{l— Cexp(- 137[36)} , C[L has a very weak
dependence on the atomic number p, Z

In the case of beam losses due to the charge exchargen3443- 00661?(Zp) and the standard deviation is given
between the ions and the residual gas the transmission

3 ION BEAM LOSS

efficiency Tof an accelerator over pathlength L is: by d=0.27,/Z, in aresidual gas such as Nr air[4];
| L O _ _
T = expr 33x 16°] P()o B) ¥, 6) Il. oc 03x1072829%77 9)
0 0 O
where P is the pressure in Torr, id an element of the oL D9><10'192'2%'2 5]. (10)

pathlength in cmf is the relative velocity (v/c) and is

2200



Iy
=}

........ lANS* W=53 MeV/amu
LAY W=9 MeViamu

0.9 i 1.0 e
’ K™ W=4 MeV/amu
0.8 .
] 08 -
0.7 .
S o ]
S 0.6-| P, =5.6E-7Torr - 5
.E """"" 14N5+(|'”) 5 06r i
8059 = N"(exp) 7 5
€ E o+ 7]
2 oal| D! i é
~ v K (exp.) S 04 -
_ 14+ _ -
034 | ——  Xe™" (-1t
o Xe(exp) ]
0.2 . o2l 1
0.1 T T T T T T T T ‘\
0.0 0.4 0.8 1.2 16 N
Radius (m) 0.0 Lo bl
1E-7 1E-6 1E-5 1E-4
Figure 3. The transmission factor for the cyclotron Pressure (Torr)
equipped with an ECR ion source, calculated in
accordance with joint model I-ll, as compared with thesjgyre 4. The transmission factor calculated by the joint
experimental data for accelerated iogr™ (up t0 ||| model versus the average pressure at the extraction

6 MeV/amu)and yseXe™™ (Up to 6 MeV/amu) in the ragiys R=160 cm for accelerated ioggr® (up to

U-400 cyclotron and,N>" (up to 53 MeV/amu) in t7he 9 MeV/amu) andKr’* (up to 4 MeV/amu) in the U-400
U-400M cyclotron at an average pressure gf%610°  cyclotron andy,N** (up to 53 MeV/amu) in the U-400M
Torr (considering radial pressure distribution) at th@yclotron.

extraction radius R=160 cm.
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The above described vacuum loss simulation progra
VACLOS allows one to estimate quite satisfactorily th
transmission factors of any accelerated ions in a wi
range of on energy and gas loading in differe
operation regimes both with an ECR and with a PIG io
source, that is important for analyzing and forecasting the
efficiency of a cyclotron with the definite vacuum system.
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