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Electron Cyclotron Resonance Ion Source
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If magnetic field increases towards all sides 
a closed surface is found on which the resonance 
conditions for the given frequency are funfilled
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Ion Extraction
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Simulation of the Extraction System of the 
ECR Ion Source

Parameters: Acceleration voltage-20 kV, total ion current - 0.5 mA, 
average mass/charge ratio-8, αιam. of outlet aperture-1 Omm
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Fig. 2.6 Schematic Layout of LEBT, RFQ and MEBT Region

2.33 Waist to High Resolution Waist After 135° Spectrometer

The central part of the LEBT is a compact spectrometer with a resolution of 3/1000. The 
choice of a bending radius = 0.4 m and a dipole field of 0.15 T is convenient for the engineering 
of the magnets and it has been selected from different configurations, taking into account the 
non-linear analysis which includes the magnetic aberrations in the dipole magnet, in order to 
accommodate a beam with a horizontal extension comparable with the bending radius. The 
spectrometer design used for the LEBT of the new high charge state injector (HLI) at GSI [24], 
has been selected. This has two separated 67.5° magnets with the angles of all pole faces 
inclined by 25°, to provide focusing in the vertical plane. The gap height is 90 mm and the 
pole width 480 mm (Fig. 2.7).
The advantage of this configuration (two magnets) is the possibility of shimming the internal 
faces of the magnets so as to introduce a sextupole correction; with a curvature of radius 2.7 m 
of these faces, the second order aberrations of the magnets can be corrected.

2.3.4 Waist to Input of RFQ

After the spectrometer, a quadrupole triplet restores the cylindrical symmetry of the beam, 
and the solenoid SOL02 focuses the beam to match the initial RFQ conditions. Two pairs of 
steering magnets (horizontal, DHZ and vertical, DVT) are located between the triplet and 
SOL02, to have the possibility of a position and angle correction at the entrance of the RFQ 
(Fig. 2.6).

2.3.5 Summary of Beam Dynamics Including Space Charge

In table 2.3.1 are listed the main matrix elements between the object and the image after 
correction; xf is the horizontal beam dimension at the image point. For this particular matrix, 
involving imaging, the term dxj/dx' is ideally zero.
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Parameters

High Voltage

Microwave power (forward & reflected)

Magnetic field (2 indep. coils)

Gas pressure (gas inlet by thermo valve)

Oven temperature

Vacuum



Vacuum

Pressure inside source: 1*10-5 mbar

Pressure in extraction region : 1*10-7 mbar

Pressure in LEBT 8*10-8 - 2*10-7

In case of high vacuum pressures: Poor performance 
Pressures >1* 10-6: interlock trips

Gas inlet

Permanent flow of oxygen into source.

Poss, problems: Thermally controlled valve opens 
in case of power failure
Pressure regulation fails in case of 
failure of penning gauge. Incr. of 
pressure.



High Voltage

Determines beam energy

Energy requ. by RFQ: 2.5 keV/u

19.6 kV for Pb27+
20.0 kV for Pb26+
20.7 kV for PB25+

Possible problems:

Breakdown in extraction system
Breakdown outside (unlikey but poss.)
Voltage stability

Current from HV supply:

Normal 1 -2 mA
In case of discharge in extr. system >2mA



Microwave Power

Usual operating range: 1-1.6 kW
Pulse length: 50 ms
Rep. rate 5-10 Hz

Reflected power <100W

Possible problems:

Miocrowave fails due to:

Arc fault in Klystron
Wrong or no filament current in Klystron
No cooling water
Internal interlock problem of transmitter 
No magn. field in source (interlock) 
Open cage (interlock)
Tuning out of range (interlock)

High X-ray level may be due to high microwave power



Oven for lead evaporation

Usual heating power 1 -5 W (2.5W)

Possible problems:

Low or no heater power --> bad performance 
heater power too high --> Contamination of source

Poor performance

Possible action in case of failure of microwave: 
Turn off oven heating.
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