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

The intensity upgrading prograrfor the GSI acceleratorexisting installation, modified as shown in Fig. 1cépable
facility comprises major modifications tife UNILAC for its  of high currentoperation. Emphasis is given to thedy of
operation as ahigh currentinjector into the heavy-ion emittance growth because the SIS poses limitsacheptance
synchrotron SIS. This papéscuses 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 preaccelerato{under constructionjand theexisting stripper and at the entrance of the Alvarez structure.
Alvarez structures.
In this section the charge states of incoming ions, havingUNILAC stripper section as studied for high current beam
mass-to-charge ratio of Alg 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 pmA uranium 4720 mm 1968 mm
will experience considerable space charge forces, mostH?
severely after the charge state jump in the stripper (ffotm 4
an average charge state of & uranium).
The associated emittance growttas been studied for the
present transport sectionvitas found to depend strongly on
the underlaying particlelensity distributionThe 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

ALVAREZ
. . . D30
of the present Widerde accelerator dyigh currentRFQ and D30
two IH-type cavitieswill be realized in 1998. Thdeam gig ig{; Eeng@ng magne: 8? guagrurm:e ?QL:b:et
B . ending magne uadrupole triple
transport at 1.4 MeV/and matchingrom the exit of the I1H- DB Six gap debuncher (108 MHz) R Rebuncher (36 MHz)

tank to the gas stripper, charge state separation after stripping DE  Emittance measurement device S Steerer

and matching to thexisting Alvarez poststripper linac, all DP  Diagnostics ST  Gas stripper
ng Xl I..g v zp Ipp_ ! ! 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 St”ggs;:gﬁcomargf E%:/a;rgim including the gas stripper ST and ticharge analysing
Miass 238 system of four dipoles D30.
Charge state 4 28 (mean 28 . . . . .
Cu?rem 15 emA 105 ( 12_5)emA 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 separatmnmigosed of
Energy spread |  +0.2% (a) £1.7% +1.8% (c) four 3¢ bending magnets, charge separation is required
"e“r’r::tztgﬂtc"’g 11(7;&“)"'(’2;3” 15"'”(‘(:’;"”3" betweerthe acondand thirdlipole at maximum dispersion.
- - Transverseand longitudinal matching to thpoststripper
Vertical 11 memm-mrad 22.5mm-mrad . . . ;
emittance (90%) (a) © linac is done 'Wlth a .q.uaoknole 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 . . .
gc)) 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 loadedqsee Tablel). By iterative
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calculations reasonable beam propertiethat gas stripper0.6 MV. Quadrupole strength up to 12 T are required due to
were found, which allovthe beam passagéirough 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 demandechd beam waists ) ) . .

are to bdocated 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 AfAJ of average
® o8 ® S charge state 28 to 12.5 ntXU?®"). An exact modeling of the

space chargeffect inthe separatioprocess, noyet possible
T Jﬁ\[ with existing tools, was approximated by carrent jump
before the second dipole magnet.
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The transverse and

. /\[ longitudinal beam envelopes are given in Fig. 5 and Fig. 6.
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Fig. 2. Transverse matching tioe gas stripper, calculated with the ’ fmm
code MIRKO. [2] Notations see Fig. 1. o
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Fig. 5. Transverse beam dynamics betwéle® stripper and the
entrance of the poststripper linac (notations as in Fig. 1).
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Fig. 3. Long. matching tothe gas stripper, calculatéat a KV- 2]
distribution with PARMT. ol
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Fig. 6. Longitudinal beam dynamics betwettie stripper and the
entrance of the poststripper linac.

™ Growth of energy spread by space chdagee 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 growtnd 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 tteam 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/cn? is too low toinduce
significant energy orangular straggling.Therefore the
emittance growth is dominated by space charge forces.
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As an example the horizontal rms-emittance growth  fr= il
along the beamline is shown in Fig. 7, calculated with a KV- .| ™
distribution and a more ,peaked” distribution (homogenous in .- F ]
a six dimensional hyperellipsoidlded with a Gaussian and T ’fd‘" 1 1 *ﬂf
cut at ) on the basis of particle-particle interaction. The =
apparent emittance growth by dispersion cismpensated
behind the magnetsystem, leavingthe current and
distribution dependent space chaegfect. Forlow intensities
the net emittance growth is zero.

"y,
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— —KV-distribution

Hom in_ a 6-dim. hyperellipsoid with
3 Charge Gaussian superposition cut at 3s
Analysis = = = Hom in a 6-dim. hyperellipsoid with

N Gaussian superposition cut at 3s, 1=0
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Rms-emittance growth

Sm;per Postsipper Linac Fig. 9. Results of multiparticle calculatiorfer three different
05 . . . . input distributions.
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More relevant fothe injection into the Slghan the rms
emittances are the intensity fractions remaining within the
acceptances of the SIS as listed in Table 1. Table 2 shows the
fraction of beam intensitiamatching the requirements in the
. . . . o . hree phase space planes. B not unrealistic distribution
Starting with different particle distributions, which alf : . ; .
hold 90 %gof the intensitypin emittance areas as given %type 42the more prominent peaking of the partl_dlmsny
Table 1. thems emittancealues athe end of the stripper!eads to less ac_ceptablllty; howettee loss of useful intensity
section have been calculated for the three phase planes. Isrolv(\a/tsr? than might beexpected fromthe  rms-emittance

Fig. 8 is a summary of the resultSype 2 is a g '

homogenous distribution in a six dimensional hyperellipsoid-rape 2 Fraction of beam intensities corresponding to the design

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

The distributions 12 to 42 have increasingly intensitietkes, emittances (see Table 1
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
2 - Longitudinal 1.00 1.00 0.96
KV KV-distribution uzz
type 2 hom.in 6-d\mhyperell|pso\d v Dy,y:
o | [vpe 22 ype 2 i & parabalie Superposiion Oxx Conclusion
type 32 type 2 with Gaussian superposition cut at 3s
type 42 type 2 with Gaussian superposition cut at 4s

Rms-emittance [ “mm*mrad]
=
153

also cover a rigoroushortening of the very-high-current

section, an increase of transverse beam sizbeatstripper

KV type 2 ype 12 wpe22  ype32  ype42 position, analysisand optimization of the charge separation
distibution type process and beam neutralisation in drift spaces.

With respect to emittance growth @ther homogenous
particle density inthe bunch idavourable. Aside from
attempting to achieve flatter distributions frothe IH-
accelerator the activities concerning emittance growilh

Fig. 8. Rms-emittance for different input particle distributions.
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