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Abstract
2 UNILAC AND BEAM TRANSPORT LINES

The performance of the UNILAC as a high cur-rent, . : . - .
heavy ion injector into the SIS has been in-vestigate‘(tj is under discussion to replace the existing LEBT line,

including  the future  RFQ-IH-type pre-strippereqUipped with a 77°%ending magnet for mass analysis,

. : by an alternative [4] which uses tw&0’ magnets with
accelerator. The beam dynamics are in-fluenced by spac\é . : ; .
ermediate focus and dispersion compensation. These

i X I
charge forces in all sections of the accelerator, mo[s;} am lines are

severely after the the strippers at 1.4 MeV/u and ¥
Mev/u. In previous studies a strong dependence OfBEAM TRANSPORT SYS- Existing| Optional Withoyt
emittance growth on the initial intensity distribution and | TEM BEFORE RFQ LEBT LEBT | LEBT
the envelope forming of the beam had been found. Iy SOURCDI|EpO|e Magnety 7.5 2x60
order to obtain reliable beam parameters and to determine Current 32 mA 20 mA
the consequences for the injection into the SIS, the beam90% rms-Emittance (norm)) 0.01Qum | 0.01Qim
behaviour was simulated through the complete systemnlEBT
down to the SIS starting with Gaussian particle Space Charge  >97%| > 70%
L . . Compensatior]
distributions after the ion source.

SC-compensated Current 1 mA 6 MA
RFQ INPUT
1 INTRODUCTION Current 28 mA 20 mA 17 mA
o L . 90% rms-Emittance (norm))  0.1lum| 0.043im| 0.03um
Within the GSI high intensity progamme [1] the present| geam in RFQ-Acceptande 47% 7d% 88%

Wideroe-DTL will be replaced by an RFQ [2] and two | RFQ OUTPUT (15mA)
IH-structures [3] designed for the acceleration of highl 90% rms-Emittance (norn}) 0.1iym| 0.0im| .056um
current, low charge state beams. o . .
In Fig. 1 the future structure of the UNILAC is Tablg 1 H|.gh cur.rent pa_ramgters for LEBT lines used in
; . the simulations with uranium ions
shown with some of the design parameters. The space
charge forces, indicated by normalized numbers, are hiv%h

in all sections due to the charge state jumps in the t s dllffereq_t l;? imllttancg giovvthk,]_ currt(;nt C:'m!t ag?:
strippers. The Alvarez DTL and the transfer channel t eam loss (Table 1). In order to achieve the design RFQ

the SIS were originally not intended for high currenPUtptuLqurem 0:; 15emAUaIso dlfferertn re(;qmrementr;s
operation. Previous studies of beam behaviour in t{Bust be IMposed on 1on source current and space charge

individual sections using artificial particle distributionscom_rlfﬁnsﬁpor?' t b t t th h th
have indicated tolerable emittance growth; however, the € high current beam ftransport throug € gas

realistic transformation of a beam through the Complet%:mploer tsecnonf Wast_ :nvg_st;gzt(i_d [5_] tf\1N ith dresriect tof
system could be done only recently. various types of particle distributions; the advantage o
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Source  |LEBT y_%!.
Ay
Ea / TK <)
A #,;;

RFQ IH Alvarez
[
| 36 MHz Gas Stripper 108 MHz Foil Stripper SIS
Energy 2.2 keViu 1.4 MeW/u 11.4 MeV/u 11.4 MeV/u
I'Dn U 44 U41- U 28+ UE‘B— U Ta+
Current = 16 emA 15/105/12.6 emA 11.2 emA 11.2/29.2/3.8 emA
Rel. SC 0.11 0.04 0.007 0.021/0.2 0.06 0.06/0.4/0.15 0.004

Figure 1: Unilac plan view and high current beam parameters (SC: space charge force)
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flat distributions was shown. It was found that even smatrowth factors from RFQ to SIS are about 6.5 in the
changes of the beam envelopes may affect the emittarfoerizontal and 9 in the vertical plane.

growth in the transverse phase planes. This section will The longitudinal emittance, though growing by a
be modified in order to improve the longitudinalfactor of 15 can be shaped to satisfy the require-ment of
matching to the Alvarez Linac. dp/p<10° at the SIS.

In the Alvarez DTL the large transverse accep-tance o
of up to 10um permits the low current operation at phase  |co[wq [w | &=, R o S8
advances between 18nd 100 in a time share mode for o J—u \—‘
different ions [6]. An already expanded beam with an rms 1~ 200
emittance of 0.2m may fill the drift tube aperture even at § °*|
50°. The possibilities of time share operation will be
restricted.

A foil stripper in the transfer line is used to achieve: o2{
high SIS output energies. In high current operation thé 1
foil must be protected against dam-age and the bearh
should be saved from emittance growth by angulas .. |
scattering and energy stragg-ling. The fast beam
deflection system [7], now combined with a vertical °*]
charge separator, is included in the beam simulations.
With a narrow upright beam spot on the foil the emittance ,
growth in the horizontal plane will be minimizedghile
an increase of the vertical emittance is tolerated in view %
of the acceptance of the synchrotron.

250

Horizontal RMS-Emittance (90%)

% Transmission (left scale)

V‘xy (right scale)

0.25 A

tance [r*mm*mrad]
=
@
S

%] UoISSIWSUERI |

100

[

Phase Space Distributions
at RFQ Input:

50
—=— From existing LEBT
—— From optional LEBT
—=—Gaussian

Vertical RMS-Emittance (90%)

3 BEAM DYNAMICS SIMULATION

3.1 Simulation Procedure

RMS-Emittance [r*mm*mrad]

For the simulation of beam dynamics in the differentg **]
accelerator sections the PIC-codes PARMT, PARMTEQE o1l
PARMILA, LORAS were used; the particle transfers
between the codes had to be established. Extensions t@os|
the codes were implemented to treat stripper effects,
multi-charge beam dynamics and emittance evaluation
The ion optical parameters were determined in advan
using an envelope code (MIRKO); even so, iterativ
readjustments of matching lenses had to be made.

Phase Space Distributions
at RFQ Input:

—=—From existing LEBT
——From optional LEBT
—x - Gaussian

Eégure: 2 Transverse rms emittances along the UNILAC
§5r different input beams; Transmission (hormalized to
700% at the RFQ exit)

3.2 Input Beams 3.4 Acceptance of SIS

. . . . . The final full beam emittances do not fit into the
Three particle simulation runs will be compared. Basis 0

comparison are beams of 15emA’ Behind the RFQ. acceptance of the SIS. The curves of Figsh®w the

They were obtained from a Gaussian particle distributiornel"3.1tIonS between p_artlal beam intensity and occupied
emittance. The vertical acceptance of the SIS (2.4um)

V.Vh'Ch was either injected dlrectly_ |n_t0 the RFQ or waz orresponds to the 70%-level of the design intensity and
first transformed through the existing or the option he horizontal one (0.8um) to the 55%-level. The final
LEBT lines using the parameters of Table 1. From the oH 0 '

entrance of the RFQ on, the beams were transformggceptance numbers from the beam simulations are,

through the UNILAC and transfer line without anyreferrlng to the design beam of 3.8emA'U

adjustments. beam from existing LEBT 44%
. beam from optional LEBT 47%
3.3 Emittance Growth beam from RFQ input 52%

The development of 90% rms emittances is shown in Fi . .
: . . . : ue to the emittance growth experienced by the beams
2. Emittance growth is obvious in the IH-DTL in both S .
the results do not depend significantly on the input

transverse planes, between gas stripper and charge.. T
. . . . mrgarncle distribution.
separation predominantly horizontally - resulting fro

specific beam envel-opes, in the foil stripper only in the

vertical plane.Disregarding the foil stripper, only slight

emittance growth is seen after the gas stripper section.
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the foil stripper can be minimized only in one phase
space plane.

The final transverse emittances exceed the
acceptance of the SIS. About 50% of the design beam
intensity can be injected into 25 turns during 100us,
giving 2:10° particles of " per pulse in the ring. This
: number corresponds to the space charge limit obtained
P e : from recent machine studies.

Horizontal Vertical
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SIS-acceptance
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Phase Space Distri-
butions at RFQ-Input:

—=—from existing LEBT
——From optional LEBT

Fraction of Design Beam Intensity [%]

SlIS-acceptance

° ! 2 s 40 ! 2 3 ¢ For ions lighter than uranium the space charge
Normalized Emittance [&*mm*mrad] Normalized Emittance [#*mm*mrad] .. . .
. . . - , conditions are relaxed and a higher fraction of the beam
Figure: 3 Beam intensity within partial tansversq tensity will be acceptable

emittance at injection into the SIS. Intensity is normalize

Some reduction of emittance growth may be
to the design current of 3.8emA°U d y

expected from a redesign of the gas stripper section.
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However, emittance growth by space charge forces is
of concern in all sections and emittance growth arising in
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