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Abstract 

A brief descript,ion is given of the Heavy Ton Synchrotron 

SIS, which is pRrt of the new SIS/ESR facility at GSI. A 

survey of the ions that were accelerated in 1992 is pre- 

sented showing the respective beam energies nnd intensi- 

ties. Plans to incrense the nvnilRble beam intensities nre 

shortly discussed. Progress in the supercycle operntion for 

R time-shrrred use of up to 16 machine settings nnd commis- 

sioning of the beam line from the ESR bRck to the SIS with 

storage and futare postacceleration of cold ESR benms nre 

summnrized. In a.ddition, the results of recent machine 

experiments Rre presented: they include new data on Q- 

v&es for the dynamic change-over from triplet focusing at 

injection to doublet focusing nt extraction Rnd on machine 

chromnticity as well RS benm profile mensurements for the 

circulating SIS benm, which yield informntion on the trclns- 

verse beam emittances. Finally some aspects of the present 

and future experimental program are discussed. 

1 INTRODUCTION 

The heavy ion synchrotron SIS is part of the new GSI RC- 

celeratorfarility [l], [2]. A s s lown in the plnn view of Fig.2 1 

the Unilnc, which is in operation since 1975, provides low 

energy benms up to 20 MeV/u. The new SIS/ESR facility 

WRR conceived for acceleration, storage, ond cooling of high 

energy heavy ion beams. Constrnction of the new facility 

hnd begun in December 1986. Since Janunry 1990 it is fully 

used for experiments. 

The SK is designed for the rtccelerntion of nll kinds of 

henvy ions to mnximum energies bet,ween 1 o.nd 2 GeV/u 

The high energy benms cnn be delivered eit,her directly 

to severnl experiments in the tnrget area or to the ESR 

via n beam line with stripper target nnd chnrge separa- 

tor. A third WRY for the SIS high energy beams lends to R 

production tnrget nt the frngment separntor (FRS), where 

secondary beams can be produced by projectile frngmen- 

tntion. The FRS prrpnres pure beams of nl\y iuterrsting 

nuclenr frngment, which c&n either be studied nt the fi- 

nnl focnl plane or cnn be iujected into the ESR for ring 

experiments. 

The IJnilnc wns up-grnded for its role as SIS injector. A 

new injector with an ECR ion source, R short RFQ section, 

nnd an IH tin&c WRS instnlled midway in order to provide 

two ion bee.ms of different species: one for n low energy 

experimentnl progrnnt nnd another one for SIS injection. 
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Figure 1: SIS operation from February 1992 until March 

1993. The dashed line indicates the maximum energies for 

fully stripped ions. 

2 ENERGIES AND INTENSITIES 

In Fig.1 the stntns of SIS operation is summarized for the 

last yenr until Mnrch 1993. It cnn be seen thnt slow reso- 

n~nce extrnction wns used in R broRd energy range, while 

fast extraction mostly for the ESR storage ring took place 

between 150 nnd 300 MeV/u. The ntnximum energies nt 

(Ep),,ln,.= 18.4 T m nre 2 GeV/n for light ions with q/A 

= 0.5 nnd nbout 1 GeV/u for henvy ions, e.g. U(73-t), nc- 

cording t,o the charge stn.te nfter st,ripping nt 11.4 McV/u 

SJS injection energy. For fully stripped ions, which will 

be sl.ored nnd cooled in the F,SR, higher energirq will he 

nvnilnhlr, c g. 1430 MeV/u for U(92 t). 

As shown in Fig. 3 mnximnm intensities range from 10’ 

ions per spill for henvy ions np to 1.10” for neon or oxygen. 

These intensit,irs, which were renched until end of 1992, are 

restricted by the available tJnilac current,s, typically about 

100 /LA for Neon (10 t) or 1 pA for uronirun (73+-). 

It is plnnncd t,o raise the nvnilnble SIS intensities roughly 

by n fn.ctor of 20 until the cud of 1994. This goal shnll be 

nppronched wit,h nn improvement progrnm for ion source 

operation, IJnilnc t,rnnsmission and SIS injection. In the 

course of this progrnm the SIS space chnrge limit will be 

test,ed for light ions up to 2 10” ions per cyrle. For very 

heavy ions new developments nre nrccssnry. One wny to 

incrrnse intensities by n fnctor of 100 would be the con- 

sl.rnrtiou of n new RFQ injector and n 35 m long JH Iinnc 
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Figure 2: Plnn view of the GSI nccelcrntor fncility 
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Fignre 3: SIS beam intensities Rt the end of 1992 nnd 

prospective intensities for the end of 1994. The incoher- 

ent space charge limit is indiated for AQ = 0.25. 

for the Rcceleration of low chnrge ion benms like urnninm 

(3+) up to 1.4 MeV/u [3]. It was shown thnt snch R linac 

should accelerate umnium (3+) up to about 10 pmA, while 

filling of the SIS to the spRce charge limit of 4 . 10’” ions 

would require only lOp,uA of urnnium (73+) and 2 pmA of 

nrcrninm (3+) respectively. 

3 STATUS OF MACHINE OPERATION 

Usually the SIS hns been used in n time-shn.red mode with 

slow extraction of ion benms for target stntion experiments 

nt the sbme time ns fa.st extraction to feed the ESR. These 

modes nre combined on n pulse-to-pulse bnsis, so thnt with 

ESR filling usnnlly needing only n few hundred pulses every 

hour, most of the SIS cnpncity WRS nvnilrtble for tnrget stn- 

tion experiments. It is nlso possible to run sr,:crnl mnchines 

with slow extraction in R time-shared mode, e.g. four mR- 

chines with energies of 200, 270, 330, nnd 400 MeV/u hnve 

been used to provide depth vnrintion of the Bragg peak in 

R thick PMMA plastic block (Fig. 5). 

In January 1993 commissioning of the reinjection line 

ESR/SIS wns stnrted. The following uses n.re plnnned: (1) 

Acceleration of fully stripped heavy ions to mnximnm ener- 

gies above 1430 MeV/n. (2) Slow stnndnrd nnd stochcrstir 

extraction of rold ion benms. (3) Trnnsfer of intense short 

nnd cold ESR ion bunches through the SIS to the target 

station for high energy density experiments. 

In the first round of commissioning it WAS possible to 

transfer ESR benms and to store them in the SIS. It is 

foreseen to optimize the operntion of the reinjection line in 

n second round with argon ions in July 1993 nnd to store 

the reinject,ed ESR beam in the SIS with high efficiency. 

In addit.ion, it will be tried to test nrcelerntion and slow 

resonn.nce extrnrtion for cooled low emittnnce benms. 

4 RECENT MACHINE 
EXPERIMENTS 

The stnndnrd focusing scheme for a,cceleration is pure 

triplet focusing nt, injection with R change-over to dou- 

blet focnsing nt high energy keeping the Q-vnlues constant. 

Dnring the lnst yenr the Q-mensnrement system has been 

improved [4]. N nrrow bn,nd mensnrements of the benm 

transfer function (BTF) p rovide an nccnrncy of lo-’ for 

the tunes, nnd signal processing at R fixed intermedirste 

frequency of 50 MHz will nllow dynnmic tune mensure- 

ments within less thnn 1 ms for e&cl1 dntR point nlong the 

nccelerntion ramp. In Fig. 4 first results nt three energies 

are plotted, which show thnt. the precision of tnne setting 
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Figure 4: Tune measnrements for three SIS energies with 

different settings for triplet(7=l)/doublet(T=O) focusing. 

is not yet perfect nt low energies. At injection energy the 

measnred vertical tunes Q,, are nbont 0.06 below the set 

tunes while the horizontnl tunes devinte mninly for don- 

blet focusing. The variation of the tunes on the acceler- 

ation ramp is smnll for Qh nnd rather lnrge for Qv. The 

observed tnning errors at low energy are probably due to 

n linear approximation of the magnetization curve, which 

has to be refined according to the magnetic mensnrements 

for the SIS qnrsdrnpoles. 

The BTF method WRS RISO used to study chromatic ef- 

fects. The observed values of th = -0.74(T), -1.77(o), 

t, = -2.13(T), -2,11(O), were compared to the c&&ted 

natural machine chromaticity [h,rl = -0.95(T), --1.54(n) 

And L,., = -1.88(T), -1.43(O). It was necessary to in- 

clude n sextupole term of B”l/Bc, = 0.04m-’ in all 24 SIS 

dipole magnets, which is larger thn.u the measured sex- 

tnpole term, in order to achieve good accordance of the 

theoretical data with the metlsured chromaticities. 

For chromnticity correction two families of sextupole 

magnets nre foreseen, which cnn be used to correct hor- 

izontnl and vertical chromnticity sepnrately. It was shown 

that, the observed rhromnticity correction is in good ngree- 

ment with ma.chine t,heory. 

In another mnchine experiment movnble henm scrapers 

were used to mensure the current on the scraper jaw RS 

R function of its position with respect to the henm axis. 

From the beam width and height the horizontal nnd verti- 

Cal beam emittnnces were deduced. At injection energy of 

11.4 MeV/u a horizontn.1 beam emit.tnnce of 1207rmm~mrad 
was observed, which corresponds to the machine nccep- 

tnnce with the present positions of the injection nnd ex- 

traction septrr. The vertical emittnnce of 20 ~mm mrad 

after multi tarn injection was lnrger by R factor of 4 than 

the Unilac benm emittance. Probably the beam m&ching 

to the vertical mnchine rrcceptnnce was inndequnte, since 

the benm profiles at high energy show R broad shoulder 

ond a high intensity core of 0.5 *mtn. m,rad, which corre- 

sponds to the Unilac beam emittnnce with the correct fir 

transformation. The high energy horizontal emittance of 

77rmm . mend is even smnller than the expected value of 

10, which mny be explained with beam losses nnd cdrre- 

sponding emittnnce reduction during rf beam capture. 

5 EXPERIMENTAL FACILITIES 

It is plnnned to extend the experimental facilities shown in 

Fig. 2 in the following wny: (1) A direct beRm line from 

the FRS to the ta.rget hn.ll is under construction. It will 

provide n direct wny for secondary FRS beams to the target 

hall. (2) A dilepton spectromet,er HADES was proposed. 
It shall be instn.lled in the north east area of the target 

hall. (3) In front of the new EVADES cave R detector test 

fn.cility is foreseen, where SIS beams nnd also secondary 

beams will be avnilnble. (4) North west of ave A R new 

radiotherapy cave is planned. It will have direct access 

from n new bnilding west to the targt hall, which can be 

used for the medicn.1 care of prctients. 

For the rn.diothero.py progrnm the development of an RC- 

tive three-dimensional scanning technique is underwRy. In 

R first step it hnd been demonstrated that n homogeneous 

two-dimensionnl dose distribution could be achieved with 

ma.gnetic scnnning. The second step wns energy variation 

of the SIS nud the benm transport system on R pnlse-to- 

pulse basis. It, was also shown that the three-dimensional 

dose distribntion cnn he well controlled using the PET 

techniqne t,o spot positron emitters produced by projec- 

tile fra.gmentntion in the tnrget volume [5]. Fig. 5 shows 

the dose distribution in n plastic block (PMMA) for RIG “0 

beam. 
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Fignre 5: Dose distribution in n plastic block (PMMA) for 

a11 lGO benm with four different energies. 
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