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The project of RF station which is supposed to be used on accelerators of ions SIS100/300, and after a small
modification in the storing ring NESR is presented. The maximal RF voltage on the cavity accelerating gap is 20 kV
in the CW mode. The operational RF frequency range for all three accelerators is 0.9...2.8 MHz. The descriptions of

the RF station design and of the control system are given.
PACS: 29.20.-¢c

INTRODUCTION

The Budker Institute of Nuclear Physics, Novosibirsk
participates in realization of the project of accelerating
complex “FAIR”, GSI, Darmstadt, Germany. In the
scope of the project, a large number of RF systems will
be built at the GSI.

The Institute of Nuclear Physics in cooperation with
experts of GSI has developed a project of RF systems
for accelerating rings SIS100, SIS300 and NESR. Key
parameters of RF of systems are given in Table.

Main parameters of RF systems

Parameter SIS100/300 NESR
2flfgrjt‘“g frequency 11 1 2.8 MHz0.9...2.7 MHz
Nominal gap voltage: | 20 kV 15 xV
Output power of RF | 65 kW 45 kW
generator:

Maximum vacuum

. -10
leakage rate: <1"10""mbar I/s

<110 mbar I/s

Length of the cavities

(flange to flange): 2800 mm 2800 mm
Circular beam tube 150 mm 200mm
aperture:

Number of channels 20/8 1

in RF system:

One channel of the RF system consists of an acceler-
ating cavity, RF power amplifier and control electron-
ics. The accelerating cavity and the output stage of RF
amplifier are assembled as one module. Transistor RF
preamplifier, power supplies of the RF generator and
the control electronics are placed separately, in the radi-
ation-safe zone. Power supplies of screen and control
grid of the tetrode, RF preamplifier, cavity ferrites bias-
ing power supply, control electronics and interlocks will
be placed in one rack. The anode power supply of RF
generator with the circuit of the fast protection against
sparking in the tube will be made and installed by the
firm BRUKER, France.

ACCELERATING CAVITY

Cavity design ideas and technology which were real-
ized and tested in the projects of RF stations for the In-
stitute of Modern Physics, Lanzhou, China [1], [2] were
used in the design of RF cavity for GSI. The accelerating
RF cavity consists of two shorted quarter wave pieces of

a coaxial line. In the gap between open central conductors
of the line a ceramic insulator is welded up, the internal
space of the coaxial line is filled by ferrite of 400NN-2
type. Ferrite will be made by factory MAGNETON, St.-
Petersburg first in the form of plates, which after machin-
ing will be glued up into rings (see Fig.1).

Thickness of a ring is 25 mm; total number of rings
in the cavity is 56.
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Fig. 1. Outline of the ferrite ring

The ferrite stack of every half-cavity is divided in
two equal groups. The ferrite biasing winding is wound
up in these groups so, that the voltages induced in loops
of both group are compensated (see Fig.2). Number of
coils in a winding is 48, windings both nmonoBuHOK the
resonator are connected in series. The biasing current in
the winding varies in the range of up to 30 A for tuning
the cavity resonant frequency in the whole range. The to-
tal resistance of the winding is less than 0.5 Ohm.

RF cavity ferrites are cooled by water. Copper plates
with internal water channels are inserted between ferrite
rings.

For better thermal contact between ferrite rings and
copper plates, for mechanical rigidity of the design as
well as for higher insulation strength the free space in-
side the cavity is filled with a silicon sealant. The maxi-
mal power dissipation in ferrite is 0.2 Bt/cm.

RF GENERATOR

The output stage of RF generator has one tetrode
RS1054SK, made by the firm Siemens/Thales. The an-
ode of the tube is connected with the half-cavity through
a decoupling capacity. For reduction of the inphase
component of RF cavity gap voltage with the unbalance
tube loading a pair of oo-shape turns couples two quar-
ters of the cavity ferrite stack. (see Fig.2).
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Fig.2. Sketch of RF cavity

Accelerating ring SIS100 will share the same tunnel
with the SIS300, the SIS300 will be built on top of the
SIS100, with a slight transversal displacement. The am-
plifier of SIS100 will be installed under cavity. The
small distance between planes of their orbits compels to
mount the SIS300 amplifier on top of the cavity SIS300.
Therefore a design foresees the opportunity of connec-
tion cavity with RF amplifier in both cases without
change of orientation in space of both constructions.

The high level of the induced radio-activity in the
accelerating hall also imposes restrictions on arrange-
ment of equipment and design of RF station. The equip-
ment of an accelerating hall does not contain semi-con-
ductor elements; RF generator box contains only tetrode
and the transformer of the filament heater. For fast re-
placement of the tube it is located in a sliding module.
Quick plug connections of the sliding module with the
amplifier are used (electric connections, connections of
the cooling water, air).

Accelerators operate with large current of charged
particles. For reduction of interaction of RF system with
ion bunches the negative feedback is introduced in the
output stage. The voltage from the anode capacitor di-
vider is applied to cathode of a tube through the invert-
ing transformer. As a result, the output impedance of RF
system seen from the beam does not exceed 3000 Ohm
at the operating frequency.

A transistor preamplifier with the maximal output
power of 1.5 kW in CW mode drives the tetrode stage
of RF amplifier.

CONTROL SYSTEM

Control electronics together with power supplies for
the tube’s grids and the source of the ferrites biasing
current are located in one rack. Control electronics have
two feedback circuits. One of them stabilizes accelerat-
ing voltage at the RF cavity accelerating gap, the second
tunes RF cavity to resonance by adjusting the ferrite bi-
asing current.

Interlocks protect powerful elements of RF system
and personal in case of emergency situations. A module
which controls the tetrode power supplies together with
interlock of RF power amplifier are made in one module
using PLM “ALTERA” which guarantees online control
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of all input signals and increases reliability of the whole
system. The remote monitoring and control of RF sta-
tion is realized with the selection of the Siemens
S7 modules.

MESUREMENT OF FERRITE PARAME-
TERS

Parameters of the 400NN-2 ferrite have been mea-
sured in regimes which correspond to regimes of the RF
stations. Magnetic permeability and Q-value factor were
measured in a frequency range of 0.9...3 MHz at vari-
ous levels of RF and DC biasing.
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Fig.3. Setup for measuring the ferrite ring parameters

A setup was made for the ferrite measurement (see
Fig.3). Two rings of 400NN-2 material with outside dimen-
sions of D x d x h =32 x 20 x 6 mm were tested. 16 turns of
o — shape were wound up around rings for biasing and
4 turns of 0 — shape made inductance for the resonance LC
circuit. One turn of 0 — shape was used to measure RF mag-
netic flux in ferrite, RF voltage at 50 Ohm indicated losses
in ferrite and was use to calculate the equivalent shunt
impedance of the circuit. Knowing capacitance of the LC
circuit (2.8 nF), the Q — value of ferrite was calculated.
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Fig.4. Dependence of UQF product of ferrite ring ver-

sus frequency
The resonant LC circuit was excited from a signal gen-
erator Aligent 33250A through a broadband amplifier with
the maximal output power of 15 W. Fig.4 presents the Y
QF product of ferrite versus frequency. Each curve of the
plot is made on condition that product of the measurement



frequency and of RF magnetic flux density is constant, i.e. REFERENCES
F - B = const. Thus the curves 1, 2, 3, and 4 corresponds
to RF voltages of 10 kV, 14.9 kV, 17.1 kV and 20 kV ac-
cordingly at the real cavity accelerating gap.

V.S. Arbuzov et al. Accelerating RF Station for
HIRFL-CSR. Lanzhou, China; (RUPAC 2004).

2. V.S. Arbuzov et al. RF Station for Ion Beam Stack-
ing in HIREL-CSR. (RUPAC 2004).

IPOEKT BY-CTAHIIUU IJI4 YCKOPUTEJIBHOT'O KOMIVIEKCA “FAIR”, GSI, TEPMAHUA

B.C. Apoy3oe, I0.A. buprouesckuit, 3.H. I'opuuxep, A.I'. Kpioukos, C.A. Kpymuxun, I fl. Kypkun,
B.H. Ocunos, B.M. Ilempoes, A.M. Ilunan

[Ipencraenen nmpoekt BU-cTaHIm, KOTOPYIO IpeAIoNaraeTcsi HCIOIb30BaTh B yckopuTelsix noHoB SIS100/300,
a TaKxke rmocie HebonmpInoi Moaudukanuu B Hakonurene NESR. MakcumanbHOe HampspKEHUE Ha YCKOPSIOIIEM 3a-
30pe pezoHaropa 20 kB B HenpepriBHOM pexnme. [uanazoH pabounx gactor BU-craHmm It BCeX TPeX YCKOPH-
teneit 0.9...2.8 MI'u. IlpuBonsaTcs onucanne KOHCTpYKIKMN BU-cTaHIIMM U TOCTPOEHHE CUCTEMBI yIIPaBJICHUS.

MPOEKT BU-CTAHIIII JIJISI MTPUCKOPIOIOYOTI'O KOMILJIEKCY “FAIR”, GSI, HIMEUYWHA

B.C. Apoy3os, FO.A. Biprouescovkuii, E.I. I'opnukep, A.I. Kpioukos, C.A. Kpymuxin, I'.1. Kypkin, B.H. Ocunos,
B.M. Ilempoe, A.M. Ilinan

[MpencraBneno npoekt BU-cranmii, mo nependavyaeTbesi BAKOPUCTATH B NpUcKoproBadax ioHiB SIS100/300, a
TaKOXK TicHs HeBenaukoi Mopaudikamii B HakomumuyBadi NESR. MakcumanbHa Hampyra Ha MNPHCKOPHOBAIEHOMY
3a30pi pe3onaropy 20 kB y OesmepepBHOMY pexkumi. [liamazon poboumx wactor BU-cranmii mms BCiX TpboX
npuckoproBaui 0.9...2.8 MI'n. [IpuBoasTecst onuc koHcTpykiii BU-cTaHii i noOynoBa cCHCTEMU KEpyBaHHSI.
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