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Abstract
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and the impedance of the new RF buncher cavity. The lay
out of the new cavity, which should operate at a peak volt-

age of 200 kV, is given. Figure 1: The specific energy deposition, which depends
on the beam spot diameter, for 10! uranium ions at
1 INTRODUCTION 200 MeV/u impinging on a heavy gold target.

Heavy ion beams can be used to concentrate terawatt power
on experimental targets and to produce dense plasma mat- STATUS OF MACHINE EXPERIMENTS
ter. Experiments with dense plasma are of general scien-
tific interest and they also play a more technical role in thBunch compression in the SIS is a two step process : first
development of inertial confinement fusion. one has to combine the four bunches, which result from the
GSI has started a small research program in this fielsual acceleration at harmonic number h=4, into one sin-
The explosion of a cylindrical lead target, which was heategle bunch, and finally the resulting bunch has to be trans-
by one 300 ns long SIS bunch with- 1019 argon ions to formed into a very short bunch, e.g. by a rotation in the
a temperature of about 0.5 eV was reported in [1]. Fudongitudinal phase space. For the bunch combination two
ther progress is planned for the year 2000, when the nagys are open, i.e. the straightforward method of adiabatic
high current injector linac at the front end of the UNILAC debunching and subsequent rebunching at harmonic num-
will be available. In the best case we expect to compre&er h=1, and also a two step bunch merging process lead-
1—2-10' U2+ -jons within one single short bunch [2]. Ef- ing from four bunches via two bunches to finally one single
fective heating with high intensity beams requires a rathdunch. The debunching and rebunching procedure is in use
short pulse width of 50 ns, since the deposition of ion bea@t the SIS since March 1997. At the end of any adiabatic
power has to take place before the plasma matter startsR& bunching process the pulse lengihdetermined by the
expand effectively. In Fig. 1 we show fdr- 10! ura- relationl ~ V'1/4, For a RF voltage of 14 kV the measured
nium ions at 200 MeV/u impinging on a heavy gold targebunch length is typically of the order of 500 ns.
the specific energy deposition, which depends on the beam”A more effective way to produce short bunches is the
spot diameter. The resulting plasma temperature is in tigocess of fast bunch compression with & $6tation of
range of 10 eV. The characteristic heating time defines tfige longitudinal phase space ellipse. If an RF voltage jump
necessary bunch width. from V; to V; is applied for the fast bunch compression
At present high intensity heavy ion beams with the reof an ellipse with the initial momentum spreag/p, the
quired bunch width of about 50 ns are not available d€esulting final bunch length is defined by
the SIS. Therefore a machine development program was - \/7
started to supplement the present RF system by the instal- s Afa- (Vi/Vy)- Ap[po
lation of additional RF cavities for operation at an RF amin contrary to the adiabatic capture process, where the volt-
plitude of about 200 kV. age rise time has to be a several times the synchrotron pe-
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RF voltage was 32 kV at a frequency of about 1 MHz.

Beside beam dynamics measurements important mélfigure 3: Beam transformer signal of an extracted single

chine parameters like the behavior of the RF system at . : . . .
fast voltage jump e.g. the RF phase stability could be stu 6unch after adiabatic (left picture) and fast (right picture)

ied. Especially the bunch current oscillation was observed°MPression respectively.
over many revolutions of the longitudinal phase space. The
typical evolution of the ring current at fast bunch compres-
sion is shown in Fig. 2. 3 MACHINE THEORY

In order to use the total available RF voltage most ef-
fectively the prebunching amplitude was taken as low a4/e employ a Particle-In-Cell (PIC) code [4] to simulate the
possible. This yields a certain amount of nonlinearities aceompression of - 10'* U?** in the SIS. The code typically
ing on the beam particles in the edges of the initial buncfitacks 50000 macro particles self-consistently in the elec-
Without any prebunching about half of the beam current igic fields caused by space charge and the RF cavity. The
not being captured in the RF bucket and forms a dc offsévo subsequent bunch merging steps+ 2,2 — 1) have
socket. However the captured fraction of particles is conto be performed under the influence of the beam loading

pressed to a very short bunch with a width of less than 1d@ld induced in the SIS RF cavities and acting back on the
ns. beam. Here we assume that the total shunt impedance seen

by the beamon = 1is R, = 10 kQ2. For the final merging
step the RF amplitud®; on h = 1 has to be much larger
than the beam loading voltage. The simulation shows that
aboveV;=20 kV the resulting bunch is sufficiently centered
for the following fast bunch rotation.

A bunch rotation immediately following the merging
process would be inefficient due to the high RF amplitude
Lo Vo needed orh = 1 for the last merging step. This can
be easily seen by reconsidering that the compression ratio
for a fast bunch rotation caused by an RF amplitude jump
i from V; to Vy is ;/l; = (V;/V;)*/?, with the initial and
- the final bunch length, ;. After the merging we there-
fore reshape the bunch in longitudinal phase space by two
subsequent 18RF phase jumps. The first jump is used to
stretch the bunch in the linear part of the RF potential. The
bunch is rotated back by means of the RF potential with the

Beam Current [a.u.]

Time [ms]
original RF phase. We simulate this processifgr20 kV

is applied for 20Qus, before the bunch is compressed by
means of an RF jump to 200 kV.

The complete scenario is given schematically in Fig.

In order to measure the fraction of non-captured particles In Fig. 5 the resulting compressed bunch is shown.
it was necessary to extract the bunch at the time of maxibout 80 % of the beam ions can be collected in a pulse
mum compression. A fast beam current transformer jusf 7rwam = 53 ns duration. The bunch is slightly shifted
before the experimental area of the plasma physics grolyackwards due to the influence of the beam loading.
could be used to determine the longitudinal bunch profile If the impedance seen by the beam fon= 1 can be
(Fig. 3). reduced well below 5® the bunch merging followed by

With respect to the space charge coupling to the longthe RF phase gymnastics can be avoided. We can sim-
tudinal impedances of the RF cavities a debunched beasty debunch the beam and rebunch adiabatically.ea 1
behaves most sensitive. Therefore it is planned to avouith ;=2 kV. The following RF jump to 200 kV leads to
the coasting beam phase after acceleration and envisage aimilar result. Above 5 ® the longitudinal instability
bunch merging process [3] to generate the single bunch. together with RF phase instability during the adiabatic re-

beam.
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capture leads to a rapid blow-up of the longitudinal phase e Test and improvement of the fast bunch rotation in the
space. SIS.

For our scenario we assumed an initial momentum ) ) )
spread after acceleration dfp/py = +5 x 10~* of the According to theory we ex_pect with the available totall volt-
equivalent coasting beam. For the fast bunch rotation ttg9€ V=40 kV a pulse widthr =~ 90 ns for heavy ion
scalingisly ~ Ap/po. We might still get a major improve- beams, if we assume the measured momeqtum spread of
ment of the bunch lengths if we find and remove all source&?/Po = 0.0005 (FWHM). Itis planned to verify the the-
of longitudinal phase space blow-up during injection ang@retical results with further machine experiments.
acceleration and incorporate the SIS electron cooler in our N @ddition, a new RF system is under study, which shall

scenario. First theoretical results on the electron coolingP€rate at a total RF voltage of about 200 kV. The cor-
of the low energy coasting beam after injection into th&esponding parameter list is summarized in Table 1. The

SIS look promising, further more detailed investigation&r€dquency tuning range around 800 kHz is matched to the

are necessary. operat?ng energy of 200 MeV/u, which is forese_zen for SIS
operation with short bunches. The duty cycle is very low
) rfi“mplf 200kv compared to the standard RF system. Several modifications
restore phase ; of the SIS cavities are under study in order to approach the
20 S high RF voltage of about 50 kV for each cavity:

phase jump /'

e Galvanic RF coupling at an adequate position on the
inner conductor will be used to match the anode volt-
age of the tube to the RF voltage of the cavity.

h=1/

¢ Either NizZn-ferrite or metallic glass materials may be
used as high permeability inductive load.

’20 \ " e A longitudinal instead of the usual circular magnetic
eeee o O bias field may be used.

Figure 4: The bunch compression scenario
for the SIS under the presence of a high

shunt impedance (Re 10 k) onh = 1. Table 1: Parameters for a new RF system

SISRF | New RF
Resonator push-pull| single gap

Total length (m) 2.9 1.1

Line Density Phose Space Distribution Tuning range| (MHz) | 0.85-5.4| 0.75-1.0
] : RF amplitude| (kV) 16 50
- Duty cycle (%) 100 0.1
| £ Peak power | (kW) 40 800
17 Mean power | (kW) 40 0.8
] Impedance (k$2) 3.2 1.6

Figure 5: Line density and the longitudinal phase spac
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