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THE PERFORMANCF OF THE SIS AND DEVELOPMENTS AT GSI 
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lntroductiorl 

The new heavy ion synchrotron SIS 18 at the GSI lab- 
oratory was completed [I] in April of 1989 and the commissioli- 
ing [Z, 31 ended in January 1990. Since then the lnachne is 
delivering beams for the fragment separator and since March of 
1990 also to the Cave B target station and to the storage ring 
[4]. The inauguration ceremony for the new accelerator complex 
was held in April of this year. However, machine studies still 
go on either in particular beam development sllifts or in parallel 
to production runs. This paper gives a survey on the first oper- 
ation of the SIS and might serve as a guide to riptailed and morp 
illustrated papers in these proceedings. 

tnjection and Accelera(ion 

The Un~lac [5] now serves two functions: delivery of 
a variable energy beam of modest hitensity to the low energy 
experimental areal for 49 pulses per second and delivery of a 
high intensity beam at a fixed energy of 11.4 MeViu for the in- 
jection into the SIS at 1 pulse per second. Both beams, still with 
the same charge over mass ratio, are coming from two different 
ion sources, tuned to (he appropriate intensities and pulse re- 
gimes. For ligth ions the SIS beam pulse is around 50 electrIcal 
@A, for very heavy ions the current plllse is about few liA duo to 
losses ill a second slrippor. 

111 the transfer beam line an electt-ic chopper cuis out 
a section of selectablr Irngth out of the Urlilac pulse. For diag- 
nosis purposes the latter must be 1 ms long. The width of the 
chopped port1011 is adjusted to the envisaged mImt)pr of i~r~ccted 
turns. 

The injection pulse 1s routinely set for 20 tu~-lls, givlny 
a current accumulation of 10. 12 If required, intensity reduction 
up to a factor of 50 is performed by reducing the width of the 
injection pulse and for still further attenuation a beam degl-adcr 
in the transfer line is avallabl?. Both measures alo applied, once 
ihe machine is tuned up. 

Some beam losses occur during rf tl-zapping when the 
full aperture was filled. They will be reduced by decreasing Ihe 
momentum spread with a debtlncher in the transfer line and by 
eliminating the present closed orbit distortions. A fast beam 
transformer allows for a comfortable monitoring of injection 
PI-ocess A DC transformer with a sensitivity of around 1 /tA dis- 
plays the circulating heatn during tapping, acrpleration alld ex- 
fraction. 

The tfrne functions for dipoles. quadrupoles and the 
radio frequency are provided by function generators, which roa(l 
the theoretlcally calculated values out of mernory tables 111 the 
dtstributed VME contr-ollcrs. The agreement of calculatc~tl and 
measured Q values is now improved to 0.005. 

Q values can be measured by processing the signal 
from the position pick-ups, after a Iradial or vertical Ikick was 
given to the beail L6]. Transversal Schottky scans additionally 
givf? useful readings of Q values and chromaticity, as well [7] 
Side bands in the longitudinal SchottCy signals of the bunched 
beam allow for a convenient survey of the rf voltage vallrc. So 
far, only one of the two rf cavities is in operation. The originally 
envisaged ramping speed of 10 T!s is limited to one third of this 
value as an agreement with the local power company 

Acceleration to the full magnetic rigidity of 18 T m 
was reached quite early iI1 the cornmisslorling pllasc, i.e. 
1 GeViu for Uranium and 1.7 GeV/u for Argon beams. 

The high degree of accurecy and repeatability of set 
values and time functions allows for a completely blind opera- 
tion of the machine. This is essential for low intensity runs. This 
occurs, when the user asks for an intensity reduction Iby or-de!-s 
of magnitude or when the beam from the Unilac is occassionally 
weak. The beam signal is then not visible duting injection and 
acceleration. On the flat top then a spectrum analyzer is tuned 
in the zero-span mode to the bunch frequency and lo4 tit-ctllat- 
ing particles can be (monitored with a good signal to noise Iratio. 

The Virtual Machines 

The emphasis of the machine theorists that the beam 
should come on as calculated, when the hardware reacts with a 
predictable time lag [8] and a repeatable accuracy to the set 
values, ted to the concept of a super cycle with as many as up 
to 16 different machine pararneter settings. These parameters 
are entered into the control system and data tables are CBICLI- 
lated and stored in the local VME memories. Then a supercycle 
can be composed with one or more virtual machilles. tticy ran 
be artivaled or disabled individually on command 

So far three machines lrave been used in a scqlience. 
however, for the same ion: on? fast extracted beam sent to the 
ESR and two slowly extracted beams send to two differrnt ex- 
periments. The beam going to the fragment separator can be 
used for parasitic machine studies, as well. There ale indi- 
cations that memory effects in the magnets will show up, ii one 
cycle is set up for full magnetic rigidity. No attempt has been 
made to correct for this empirically. 

Example for two virtual machines in a supercycle: 

The figure below shows the internal beam current signal. The 
lower pulses are accelerated to 100 McV/u. The one higher 
pulse goes to 1 GeVfu. The increased height comes from the 
increased revolution frequency of the same particle number. The 
build up of the multiturn injection is not clearly visible. Then 
comes the dip of beam losses during trapping. followed by the 
current increase during acceler-ation. The beam was dumped by 
fast extraction. The upper trace is tire “rf on” signal Time scale 
IS 1 s per division. 
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Performance Extraction 

There are two extraction modes: fast and slow ex- 
traction. Fast extraction is routinely in use for accumulatino 
bunches frorn many SIS cycles in the ESR. It is also used f& 
tuning the beam line elements to the fragment separator or to 
the counter experiments in Cave 8. The beam burst can co,,- 
veniently be monltored on profile grids and optical screens, Only 
the experiment on high temperatures in matter 191, which arty- 
ally is not yet operational, requires fast extraction 

Most of the experiments, and there are around 30 
which have allocated beam times, rely for an efficient data taking 
on long beam spills of a few 100 ms with a decently constant 
particle flux. This has not yet been achieved during the coin- 
missioning phase and during the last 4 months of scheduled 
production runs. 

Counters with a wide dynamic range for studies of the 
external beam are not yet available as a permanent and wet! 
calibrated installation in the beam dump. Instead, extraction 
tuning relied initially on the reading of a smooth decay of the 
circulating beam. This does not mean that constant beam was 
passing the extraction channel. At-i actual signal of the external 
beam was only available from the experimenters and, according 
to their particular detector set up, showed a more or less needle 
like time strikture, sometimes a smooth gaussian distribution 
over the spill time. The needles showed eratic periodicities and 
could not clearly be attributed to power supply ripple. The tattot 
was checked repetitively. 

For such a complete on-off signal, the usual cute with 
a closed loop regulation of the fast acting extraction quadrupoles 
would not help. It was concluded that if the “silarpness” of the 
resonance implies the strong susceptibility against Q fldct\l- 
ations, than an introduction of Q spread should help Tills was 
observed indeed: when the rf was left on during extraction, e.g. 
a larger momentuni spread of the circulaiing beam, then the 
gaps between the spikes showed the tendel,cy to fill up. 

When finally a 100 Hz sequence of the needles was 
identified, and this periodicity is not natul-al for a 12 phasp 
rectifier, it could be shown that the perturbing signal &as in- 
jected by the DCCT alid the powr~ sapply tegulatcd against it. 
Thei-efore this ripple was not found on the error signal of the‘ 
control loop. The manufacturer promised an easy cure 

Regulation devices for a closed loop control of reso- 
nance quadrupoles will be installed. as soon as a reliable wide 
range measurement of the external current is available Part of 
the bio-medical program, the exploration of the raster scan, 
strongly relies 011 a decently constant particle flux. 

For the slowly extracted bealn there is presently still 
a limitation of the final energy to about 213 of the design value, 
because the angular deflection of the separated beam rnllst be 
trigher than predicted. Tt,is is attributed to a too strong closed 
orbit distortion at tile location of the elertrostatic septum. ln 
aUtUnln of this year a major shu-down is planned for a compre- 
hensive realignment campaign. There arc many nlyslrries, 
which hopefIrlly will he cleaned away thereafter. 

Tune-up 

The SIS is still tuned-up by the experts, becallse a 
decent operating software on a higher level is not Yet available. 
The tune-up of injection and acceleration is done III 15 nlinutes, 
when the beam is made available in the proper shape by the 
Unilac operators at the end of the transfer channel. The latter 
operation might take two hours. Then the optimisation of the 
stow extraction might take half an hour, depending on tllp de- 
sired energy, The tuning of the 200 in bearn transport to Cave 6 
takes less than half an hour. All these numbers include the 
struggle with still imperfect hardware performance. The machine 
then runs unattended over night or over weekends. A trill-off of 
a power supply. which might occur every shift, is reset by the 
Unilac operators. A retune of the beaITi is not necessary then 
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C) 

Eiture Deve_lopmenls 

In addition to a list of iiardware cIc?awups. a few have been 
mentioned here, sevel-al operatlonal features of the SIS still 
await to be developed. Examples are: ultra slow extraction, 
bunch merging for an efficienl beam transfer to the ESR. for- 
mation of highly compressed bunches [9], ircinjeclon of 
treated beams from the ESR. 
At the ESR the majority of physics experinlcnts depend on 
the clear understanding a11d controlled manipulation of the 
various ring features. This is also beneficial for pure beam 
st?ltlies at the border line of instability phenornella [IO] 

There are other activities. envisaged si’lc? long, 1~111 not 
transformed into hardware. Some of them still belong to wake 
fields of the ending project. The Unilac was to some exteild 
neglected in the past years and deserves maintenance at- 
tention. The already available beam intensities for light 101,s 
are dangerous to run A new generation of high current heal)1 
diagnostic probes lhas to be devised and more sophislicatr~tl 
interlocks. as well. The control systeni awaits to he f111ly in- 
cluded into the new SIS atrhiierture. Finally t/le demand for 
one hundr-ed times higher intensities from the Ur,~lac L!?J for 
the very heavy ions becomes more vltal titan anlicipatnd ir 
the past. This will absorb a cons~tielal,le c’ngzeneclitr(l cd- 
paclty. which also is iequc=sted for the prescnl and filtltj-0 cx- 
perirneilts. 

A study of a 20 on 20 GeV/u collider WIII be inillated thin year. 
Frorn the physics stand point tills was ronsidtI!-cd since lonc~ 
to Ibe the natural step into tile ‘ut~rtc at GS:. From 111~ ~:,a- 
chine standpoint it benefits from the high b1.illanr.e /~~~n~s of 
the ESR. post accelerated by thn SIS. Tllr? ~1101: pr~‘p,+~ atjon 
time for a new refill by the higll irlensity injcclol c/lain can 
pr-obably make acceptable short brain life timpq (/II~ to 
bea n-beam effecls at high I:lnlinosit~es 
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