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The beam position measurement system of EC-35 and EC-300 is presented in this paper. The electrostatic pick-
up is used for beam position measuring. The ion and electron currents have alternative part with the magnitude of
about 1 mA. The important feature of the beam position measurement system (BPM system) is simultaneous mea-
surements of the positions of both the ion and the electron beams. The resolution of the beam position measurement

is about 1 mm, diameter vacuum chamber 300 mm.
PACS: 29.20.-¢

1. INTRODUCTION

The Budker Institute of Nuclear Physics (BINP) had
been manufacturing two facilities of electron cooling
(electron cooler) of ion beam EC-35 and EC-300 during
1999-2003. The facilities had been prepared for the In-
stitute of Modern Physics (IMP China, Lanzhou) for in-
stallation on a new ion accelerator complex HIRFL-
CSR [1]. HIRFL-CSR is a multi-purpose system. It con-
sists of an injector HIRFL, a main ring (CSRm) and an
experimental ring (CSRe). Each of the rings is equipped
with its own electron cooling devices. E-cooling will be
used to increase the beam intensity and decrease the
beam emittance. The principle of operation of electron
cooling method is based on combining the electron and
ion beams moving with the same velocity within the
cooling section. So, the drag force between the electrons
and ions leads to the fine equalizing of the ion and elec-
tron velocities. This method is used for the decrease of
ion transverse emittances and momentum spread [2].

The cooler consists of a cooling section solenoid,
two bending magnets, an electron gun, and a collector.
Beam Position Monitors (BPM) are located at both sides
of the solenoid. A sketch of the facility and BPM posi-
tion is shown in Fig.1.
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Fig.1. Electron cooler and the BPM

Some parameters of the accelerator complex and the
cooler are shown in Table.

Parameters of the complex and the cooler

Parameter Value
Ion energy 25...500 MeV/u
Ton current 0.1...1 mA
lon revolution frequency 100...300 kHz
Electron DC current 3A
Electron AC component 1 mA
Vacuum chamber diameter 300 mm
Cooler length 6m
108

For the electron cooling process an ion and an elec-
tron beams must have the same trajectories within the
cooling section. The important feature of the BPM sys-
tem is simultaneous measurements of the positions of
both the ion and the electron beams. For this purpose
the ion and electron beams are modulated with different
frequencies. Ion beam is modulated with a frequency of
RF system 100...300 kHz. Electron current is modulat-
ed by means of feeding on the gun grid of voltage with a
frequency 3 MHz. The diameter of the electron beam is
about 10...20 mm. So the resolution of beam position
measurement for adjustment of the cooler has to be of
order of 1 mm.

2. POSITION MEASUREMENT

The BPM system consists of two beam position
monitors (BPM), pickup stations, ADC, a synchronous
detector and a reference generator (see Fig.2).

The electrostatic beam position monitors with linear
transfer ratio are used at the cooler. Each BPM consists
of two parts. Each part has two electrodes and measures
either the vertical or the horizontal coordinate.

Pickup station (PS) is located near the BPM. It is in-
tended for the preliminary processing of the BPM sig-
nals. PS produces sum and difference signals coming
from the pick-up electrodes. The sum of all signals Us is
proportional to the beam current. The difference signals
Uz and Uy are proportional to the beam deviation in ver-
tical (Z) and horizontal (X) direction correspondingly.
Bandwidth of the PS is 80 kHz...5 MHz. The gain fac-
tor is regulated in the range of 40 db.

Other electronics is located in the CAMAC crate.
The Reference generator produces reference signals for
the synchronous detector and ADC, as well it produces
signal for the modulation the electron beam. The refer-
ence signal generator receives the RF frequency from
the accelerator complex (RF i+) and produces two or-
thogonal signals. Results of the signal analog-to-digit
conversion come to the computer, where the calculation
of beam position is produced. The multiplexer in the
synchronous detector input chooses one of the signals
(Us, Uz, Ux) processed. As the reference for the syn-
chronous detector the signal shifted either by 0° or by
90° comes from the Reference generator. Total time of
the position measurement for both ion and electron
beams for two BPM is about 500 us.

PROBLEMS OF ATOMIC SCIENCE AND TECHNOLOGY. 2006. Ne 2.
Series: Nuclear Physics Investigations (46), p.108-109.



¢ were performed without the installation in the ring no

il ek mn::nl Ux U Us |3 ] ADC | O tests with ions were carried out. During these tests all
B= M= 2 I . <= cooler systems including the beam position measure-
BPF 0.085 Mz b, mgo'\J ment system were checked. The parameters of the elec-

= ickup siaion 2 ] 5 tron beam were measured. The parameters of beam po-
T L sition measurement system were measured also. Resolu-
J_ - Mz — genem:):n tion of beam position measurement was 0.4 mm with
RET* the current modulation of 1 mA. The DC current of the

e — electron beam was changed within the range of 0...3 A.
Fig. 2. System of beam position measurement When DC current is changed the alternating component
The beam coordinates are calculated with a formula; ~ ©f the beam current is changed proportionally to DC
0. 0 current if the modulation voltage on the grid is constant.

X=A4,01EE= The possibility of the regulating of the modulation volt-

U, U, ~ age on the grid allows keeping of the desired value of

the AC component of electron beam. Resolution of
beam position measurement in the DC current range
0.5...3 A not worse than 1 mm, resolution becomes
worse at a smaller beam current.

where: X — coordinate; Ay — geometric factor; U ¥ —

complex voltage proportional to the deviation of the
beam (it is formed with two orthogonal component);

U, — complex voltage proportional to the beam current. The author expresses thanks to V. Parkhomchuk,
V. Reva and V. Berezkin for help in this work and use-
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The testing of the coolers EC-35 and EC-300 has
been performed at BINP and IMP. Since these tests

CUCTEMA U3MEPEHUA ITOJIOKEHUSA ITYYKA JUIA YCTAHOBKHU DJIEKTPOHHOI'O
OXJIAKAEHUSA II10XA-300 1 OIIOXA-35

E.A. Bexmenes

OmncaHa cucTeMa H3MEPEHUS MOJIOKSHHUS ITyYKOB 3JICKTPOHOB U MOHOB B YCTAaHOBKAaX AJICKTPOHHOTO OXJIAXIe-
Hust EX-300 u EX-35. [ns onpeneneHus MOIOKEHHS MyYKOB IPUMEHSIOTCS IIEKTPOCTaTHUECKUe MUKAIbl. BaxHoit
0COOCHHOCTBIO CUCTEMBI H3MEPEHHS MOJI0XKEHHS IIYYKOB SIBJISICTCS €€ CIIOCOOHOCTH OTHOBPEMEHHO M3MEPSITh MOJI0-
JKEHHs KaK HOHOB, TaK U AJIEKTPOHOB. Pa3penieHrne n3MepeHus MONOKEHHS MyYKOB OKOJIO | MM IIpu AuameTpe Ba-
KyyMHOH kameps! 300 MM.

CUCTEMA BUMIPY IIOJIOKEHHSA TYYKA JJI1 YCTAHOBKHA EJIEKTPOHHOTI'O
OXOJIOJKEHHA EITIOXA-300 I EITOXA-35

E.A. Bexmenees

OmnmncaHo cuCTeMy BUMIpY IOJOKEHHS MYYKIiB €JEKTPOHIB 1 10HIB B YCTAaHOBKAX EJIEKTPOHHOTO OXOJIO/KEHHS
EX-300 i EX-35. [lnis BH3HAuUEHHs IOJIOXKEHHS MYYKIB 3aCTOCOBYIOThCS €JEKTPOCTATH4HI mikanu. BaxinBoro
0COOJIMBICTIO CUCTEMH BUMIPY MOJIOXKEHHS ITyUKiB € 1 3/1aTHICTh OJIHOYACHO BUMIPIOBATH MOJIOKEHHS SIK 10HIB, TaK
1 enexTpoHiB. Po3aiieHHs BUMipy MOJIOKEHHS ITydKiB Oim3bko 1 MM mpu giameTpi BakyyMHoi kamepu 300 M.
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