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Abstract As the present length of the strippgection may be
maintained in the future, thetudy has toresolve if the

The intensity upgrading prograror the GSI acceleratorexisting installation, modified as shown in Fig. 1cé&pable
facility comprises major modifications tiie UNILAC for its  of high currentoperation. Emphasis is given to thtidy of
operation as ahigh currentinjector into the heavy-ion emittance growth because the SIS poses limitsa¢heptance
synchrotron SIS. This papéocuses on spacehargeeffects of the poststripper Alvarez section is uncritical. Table 1
arising in the strippesection at 1.4 MeV/between a new 36 summarizes théeamparaneters at the IH exit, at the gas
MHz preacceleratounder constructionland theexisting stripper and at the entrance of the Alvarez structure.
Alvarez structures.
In this section the charge states of incoming ions, havindJANILAC stripper section as studied for high current beam
mass-to-charge ratio of AAK 65, are increased by stripping transport
in a nitrogen jet to allowurther acceleration at A/g 8.5.
The anticipatechigh currentbeam of e.g. 4 pmArranium | 4720 mm 1988 mm
will experience considerable space charge forces, mos
severely aftethe charge state jump in the stripper (frofmics
an average charge state of #& uranium).
The associated emittance growttas been studied for the
present transport section,vitas found to depend strongly on
the underlaying particlelensity distribution.The amount of
,useful’ beanremaining within given emittance limits will be
discussed.
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Introduction

The goal to fill the SIS up to thspace chargdimit
requires beam intensities of up to 15 enfAU*") in the
UNILAC prestripper section. [1] Theecessary replacement
of the present Widerte accelerator Hyigh currentRFQ and

ALVAREZ

two IH-type cavitieswill be realized in 1998. Théeam gjg ig Eeng@ng magnet 82 8uagrupo:e dpt:blet
. H ending magnet uadrupole triplet
transport at 1.4 MeV/and matchindrom the exit of the IH- 55" gj gap debuncher (108 MHz) R Rebuncher (36 MHz)
tank to the gas stripper, charge state separation after stripping DE  Emittance measurement device =S Steerer
R Pt : ; DP Diagnostics ST Gas stripper
and matching to thexisting Alvarez poststripper linac, all CA  Charge analysis

under space charge conditions, have been studied.

Fig. 1. Optical elements and beam diagnostic devices in the stripper

Table 1: Parameters of stripper section for uranium section betweenlH2 exit and the Alvarez accelerator,

Exit of IH Striggs;:gﬂ%hnarge E”Atlr\f‘;r‘é‘; of including the gas stripper ST and ticharge analysing
VoSS 238 system of four dipoles D30.
Charge state 4 28 (mean 28 . . . . .
Cu?,em 15 emA 105 . (12_5 eam 125 emA ~ The mechanical layout of the stripper section is shown in
Energy (v/c) 1.4 MeV/u 3=0.054) Fig. 1. Two quadrupole doubletand asix gap rebuncher
Bunch frequency 36 MHz 36 MHz 36 MHz (operating frequency 108 MHZre provided to match the
Phase width 6° (a) +25° (b) +6° (c) beam to the gas stripper. The charge separatomposed of
Energy spread | +0.2% (a) +1.7% +1.8% (c) four 3¢ bending magnets, charge separation is required
Hecr::tztgztzael ll(]s}ory/n)]'(r;::)rad 15""T(‘Cr;"mrad betweerthe acondand thirdlipole at maximum dispersion.
Vertical lln-m(r’n-mrad 22 Ereromrrad Transverseand longitudinal matching to thpoststripper
emittance (90%) (a) T © linac is done with a quadpole doublet, driplet andtwo 36
Relative space 1 50 6 MHz rebunching cavities.
charge force (d)

. . o Matching to the gas stripper
(a) Present result of particle dynamics calculations in RFQ and IH

b) Chosen for low emittance growth . . .
EC)) Upper limit, defined by thegacceptance of SIS Due to the beam current jump in the stripper (e.g. 12 mA
(d) For identical bunch dimensions to 105 mA) the downstream section up to the charge analysis

is heavely spaceharge loadedsee Tablel). By iterative



calculations reasonable beam propertiegshat gas stripper0.6 MV. Quadrupole strength up to 12 T are required due to
were found, which allowthe beam passagi#rough a 9 mm the magnetic rigidity of the beam of 10 Tm.

aperture, minimize emittance grow#nd account a larger Emittance growth in thisection isbelow 10 %for all
growth value to the vertical plane aflowed bythe SIS planes andlifferent particle distributions. A KV distribution
acceptances (Table 1). Ascansequence a bunch width ofemains virtually undistorted (Fig. 4).

+25° (36 MHz) atthe stripper is demandeshd beam waists ) i i i

are to beocated beforeesp. after the stripper in the verticalCharge separation and matching to the poststripper linac
resp. horizontal plane.

In the section from the stripper to the entrance of the
Alvarez accelerator the electridaéamcurrent is reduced by
the charge state separation (from 105 ATAJ of average
@ o8 ® G charge state 28 to 12.5 nt&U?"). An exact modeling of the

space chargeffect inthe separatioprocess, noyet possible
fﬁ\%_H—H—FJ/\\[ with existing tools, was approximated by carrent jump

before the second dipole magnet. The transverse and
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Fig. 2. Transverse matching tioe gas stripper, calculated with the
code MIRKO. [2] Notations see Fig. 1.
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Fig. 5. Transverse beam dynamics betwéles stripper and the
entrance of the poststripper linac (notations as in Fig. 1).
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Fig. 3. Long. matching tathe gas stripper, calculatéatr a KV- 20]
distribution with PARMT. =1o]
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Fig. 6. Longitudinal beam dynamics betwete stripper and the
entrance of the poststripper linac.

e Growth of energy spread by space chdayee after the
stripper is obvious in the plot of the particldynamics
calculation. The bunchers are required to limit the initially

Fig. 4. Transvers&V- and longitudinal hmogenousphase space |arge phase width growtind toproduce short bunches at the
distribution at the stripper positiacorresponding tehe in-  aAlyarez entrance.

and output beam parameters of Table 1.

The envelopematching to the gas stripper including Emittance growth effects
space chargéorces is shown irFig. 2. The required bunch
length is obtained by transforming theeam to an energy

spread oft1.7% in the six gap structure with gapltages of

The charge separator is an achromatistemand the
stripper gas jet density ofug/cnf is too low toinduce
significant energy orangular straggling.Therefore the
emittance growth is dominated by space charge forces.



As an example the horizontal rms-emittance growth — re== i
along the beamline is shown in Fig. 7, calculated with a Kv- | ™
distribution and a more ,peaked” distribution (homogenous in .. o ]
a six dimensional hyperellipsofdlded with a Gaussian and - ’frf" { ed *#
cut at &) on the basis of particle-particle interaction. The *° . 5
apparent emittance growth by dispersion cismpensated 1
behind the magnetsystem, leavingthe current and
distribution dependent space chaefiect. Forow intensities
the net emittance growth is zero.
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More relevant fothe injection into the Sighan the rms
emittances are the intensity fractions remaining within the
acceptances of the SIS as listed in Table 1. Taklo®/s the
fraction of beam intensitiematching the requirements in the
Starting with different particle distributions, which alfk;rtee ngtsr? space plangs. Fiw nok'g unre]zcaélt:stlc d|.s(;[‘r£|'t1>u.tlon
hold 90 % of the intensity in emittance areas as given ﬁn é/pe | € more p's[.'“r_‘f]” p;aeelrg 0 f € pfarltl' S't.y
Table 1, thems emittancealues atthe end of the stripper.ea S {0 Jess acceptability; howe oss of useful intensity

section have been calculated for the three phase planes. 'Sroﬁf; than might beexpected fromthe  rms-emittance
Fig. 8 is a summary of the result3ype 2 is a 9 '

homogenous distribution in a six dimensional hyperellipsoidapie 2 Fraction of beam intensities corresponding to the design
The distributions 12 to 42 have increasingly intensifiecks, emittances (see Table 1

Fig. 7 The rms-emittance growth after strippiiog three different
distributions calculated by PARMT.

which result in increasing emittance growths by a factor of up Distribution KV Type 2 | Type 42
to 2 compared to the homogenous distribution. Horizontal 0.81 0.90 0.80
Vertical 0.82 0.78 0.72
20 —— , Longitudinal 1.00 1.00 0.96
KV KV-distribution mzz
type 2 hom. in 6-dim hyperellipsoid ayy
type 12 type 2 with a conical superposition ox,x' H
? 15 type 22 type 2 with a parabolic superposition COHC|USIOI‘I
£ type 32 type 2 Mth Gauss?an superposilion cutat3s
£ type 42 type 2 with Gaussian superposition cut at 4s
£ With respect to emittance growth ather homogenous
g particle density inthe bunch igavourable. Aside from
£ attempting to achieve flatter distributions frothe IH-
£ s accelerator the activities concerning emittance growilh
also cover a rigoroushortening of the very-high-current
. section, an increase of transverse beam sizbeatstripper
Kv type 2 wpel2  ype22  tpe32  type42 position, analysi@nd optimization of the charge separation
distribution type

process and beam neutralisation in drift spaces.
Fig. 8. Rms-emittance for different input particle distributions.
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