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Both the “Heavy-Ton Synchrotron® (SIS) [1] and the “Ex-
perimental Storage Ring" (ESR) 2] are designed for beam
accumulation and beam extraction. The concepts are dif-
ferent in each machine according to the specific beam-
properties and requirements. In this article a summary
of the technical realisation of the injection and extraction
systems and the operation results are given.

type duration
0]
SIS
Injection |} Multi-turn | 1 x 107%-5 x 10~*
fast 2x1077-3x10°°
Extraction fast 2%x10°7-3x10°°
slow 2x10-7.10
stochastic 2.10
ESR
Injection fast 2x1077-3x10°°
Extraction fast 2x1077-3x107°
slow 2 x 1077 .10 (*)
stochastic 10 - 1000 (*)
| charge ch. 10 - 1000 (*)

(*) = estimated

1 INJECTION MODES

1.1 Multiturn-Injection (SIS)

The UNILAC, the injector for the SIS, delivers the ion
beam with a macropulse-length between 0.5 and 5 mas.
In the SIS the beam is accumulated by stacking in the
horizontal phase space (“Multiturn-injection") with 4 fast
ramped bump-magnets.

The injection-line, designed for ions with a magnetic rigid-
ity between 0.5 and 4.5 Tm, consists of an electrostatic
“chopper", matching quadrupoles, an inflector magnet,
and an electrostatic wire-septum.

The injected emittances are near 5 mm mrad both in
hor. and vert. phase spacé; the SIS hor. acceptance is
calculated to be about 200x mm mrad, corresponding to
a maximal accumulation factor of 40.
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Figure 1: Multiturn-Injection at SIS

The upper trace shows the beam-transformer signal in the
injection beam-line; the lower shows the beam accumula-
tion in SIS over 20 turns.

The maximal achieved accumulation factor is near 30,
which 1s close to the theoretical one, if the theoretical losses
during the process are taken into account.

1.2 Fast Injection (ESR, SIS)

After fast extraction at SIS the jon beam is injected inte
the ESR by means of “fast injection” with “bunch-to-
bucket" transfer. The incoming beam is deflected to a
stable injection orbit by a C-shaped kickermagnet, con-
sisting of 3 modules in one vacnum vessel. The "double-
shot” operation mode allows a rapid transfer of two times
2 bunches, that can be accepted by the ESR, within one
§IS-cycle (see Fig. 2). Beam accumulation is done in
the longitudinal phase-space by the RF-stacking method;
during this injection process beam cooling by means of
the electron-cooleris performed on the accumulation-orbit.
Cooling on the injection orbit is possible as well, either
with the clectron-cooler and/or in the near future by
stochastic cooling. This injection procedure has become
8 routine operation mode; improvements of the injection-
and accumnlation efficiency are necessary.
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Figure 2: Fast Injection into the ESR.
Two times 2 out of 4 SIS bunches are injected.

For the SIS Reinjection mode the ESR serves as the In-
jector for the SIS. The cooled jon beam with a maximal
magn. rigidity of 10 Tm is fast extracted from the ESR and
injected (“bunch-to bucket transfer”) into SIS for postac-
celeration up to 18 Tm and delivered to the experimental
areas by means of fast or slow extraction. The fast in-
flecting device in SIS is the kickermagnet, that is also used
for fast extraction; 4 auxiliary coils within special bend-
ing magnets create a local closed orbit bump to minimize
the required kick-strength; the 3 magnetic injection septa
are switched in series and connected to a special designed
pulsed power supply.

2 EXTRACTION MODES

2.1 Fast-Extraction (SIS, ESR)

The fast extraction mode is used for beam transfer to the
ESR and for experiments, which need high-intense pulse
currents. The main device for this eperation mode is the
kickermagnet (also used for Reinjection), which is housed
in two vacuum vessels. In total 9 parallel switched kicker
modules can be excited sychronously at maximal beam
rigidity, in order to deflect the beam into the extraction
channel. The deflection time can be varied continously be-
tween 200 and 3000 ns; thus, a various number of bunches
can be extracted. Due to the special power-supply design a
second extraction is possible after at lenst 30 ms ("double-
shot™).

In the extraction channel the beam is deflected by 3
septum-magnets, which are switched in series and con-
nected to the power-supply of the main dipoles; this ex-
traction channel is used both for fast a slow extraction.
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The extraction efficiency can be estimated to be around
90%.

At the ESR a cooled ion beam with a megnetic rigidity
between t and 10 T can be fast extracted to the SIS (SIS
Reinjection) with the ESR injection kicker. This mode was
already successfully tested.

2.2 Slow-Extraction modes (SIS,ESR)

At SIS the Resonance-Extraction mode is used for most
high energy experiments within a wide energy-range up to
s maximum magnetic rigidity of 18 Tm. After accelera-
tion the beam is gradually driven into a horizontal 1/3-
order resonance by means of 6 sextupoles and two fast
quadrupeles. The unstable particles are deflected into the
extraction channel by an electrostatic wire septum.
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Figure 3: Slow (resonant) extraction at 5IS with rapid spill
interruption

Due to the quality of the magnet power-supplies, a spill
duration of up to 7 s with moderate time structure on the
spill is achieved. Extraction efficiencies around 85% were
reached; beam emittances of 2 * mm mrad {horizontal)
and 4 * mm mrad [vertical) were measured at high ener-
gies (1000 MeV/u) [3].

Fast interruption {about 200 ps) of the extracted beam is
possible by the request of the experimentalists [4] {see Fig.
3).

Beside the 1/3-order resonance-extraction 2 additional
slow extraction modes are under investigation at the ESR.
The first mode is the beam extraction, which takes ad-
vantage from electron capture- and electron stripping-
processes by the electron cooler and the internal gas-
target, leading to a change of the magnetic rigidity of the
circulating ions. Beam simulntions show (see Fig. 4), that
due to the different orbits these ions can be deflected into
the extraction channel MS by 2 deflecting devices: one
small septum magnet ESM for the jons having captured an
electron and the electrostatic septum ES (that is also used
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for the resonant extraction) for the stripped ions. (Fig. 4)
The advantage of this type of extraction is the preserva-
tion of the excellent beam quality (emittance, momentum
spread), that is achieved by the electron-cooling. The ex-
traction time, which depends on the stripping- and capture
cross-sections that can be reached, are estimnted between
some seconds up to several minutes.
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Figure 4: Different Orbits for Charge-change.Extraction
Au+77 (electron capture in electron-cooler), An+78 (in-
jected heam), Au+79 (electron stripping in the gas-target)

A third slow extraction mode under investigation is the
‘stochastic’ extraction, that is used at LEAR for spill dura-
tions up to 1 hour. Within a thesis at GSI [5] experiments
of this type of extraction have been performed at SIS in
order to exaniine the spill performance for extraction times
of some seconds.
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Figure 5: Shaping of an 0% -beam at 697 MeV /u
Both the momentum-distribution before (gaussian) and af-
ter shaping with a noise of 4 kHz bandwidth, applied dur-
ing 1 s with a voltage of U = 750 V, are shown.

Both low-frequency noise amplitudes used for the beam-

shaping and the diffusion process to the 1/3 order reso-
nance are created by means of & digital noise-generator
connected via a mixer to one of the SIS accelerating cav-
ities. Comparisons between the resonant- and stochastic
extraction showed, that the spill-modulation is similar for
extraction-times in the order of a few seconds; emittance
measurements of the extracted beam indicate identical
transverse emittances, but, as expected, in contrary to the
resonant extraction a constant momentum of the spill for
the stochastic extraction mode. It was also shown, that the
inflnence of n power-supply ripple on the spill modulation
is much poorer for the stochastic extraction. This extrac-
tion mode is intended especially for the ESR-operation in
the stretcher mode for spill durations from a few seconds
up to several minutes.
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Figure 6: Stoclhastic extraction from SIS
The spill, measured by a scintillator in the extraction line,
is shown
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