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1. Introduction


Electron cooling of ion beams requires the generation of intense electron beams flowing in a magnetic field in the direction of the electron beam. This longitudinal magnetic field prevents the electron beam from blowing up due to its space charge. The field strength is chosen such that the electron cyclotron frequency is large compared to the plasma frequency of the electron beam, and matches the requirements of the electron gun for producing a cold beam.
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For the cooling and accumulation tests with Pb54+ ions [1] in the Low Energy Ion Ring (LEIR) in 1997, it had been decided to increase the length of the cooling section from 1.5 m to 3.0 m by using the solenoid previously used on the electron cooling test bench. As the magnetic field influences the electron beam quality and hence the cooling performance, the field properties have to be optimised before the final assembly and installation in the machine. For this reason a precise field map of the complete system was needed in order for field correction coils and beam steering coils to be constructed before the assembly of the electron cooler in straight section 2 of the LEIR machine. 



(a)




(b)

Figure 1. The measurement set-up (a) and the hall probe (b).

2. Measuring apparatus and procedure


The apparatus used for the measurement series was the magnetic measurement facility existing in the CERN EP division. The device (Fig. 1) consists of a probe head containing three Hall plates for measuring the Cartesian components of the magnetic field. This is fixed to the end of a carrying arm, a ceramic tube of fixed length, which can be moved by the scanning device along the three orthogonal axes. The scanner motion is controlled by an on-line computer, which also performs the data taking.
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Figure 2. The “measurement box”.


For mapping the field of the electron cooler magnet, the scanner is moved to positions in which its z-axis is aligned to the z-axis of the solenoid axis. Several line scans parallel to the central axis for different x and y co-ordinates allow the measurement of the magnetic field in rectangular volumes called measuring boxes (Fig. 2). Scans were made along the ion beam axis starting 40 cm outside the gun toroid and ending 40 cm after the exit of the collector toroid. Once the data for the scan has been acquired and stored, the files are then transferred to a PC running the data conversion and display programme. An example of a scan along the z=0 axis is shown in figure 3.

3. Measurement series


Three configurations of the solenoids were to be measured, they were:


a.
3 metres version in the S configuration



(LEIR test configuration, in straight section 2).


b.
1.5 metres version in the U configuration



(Antiproton Decelerator [AD] configuration).

c.
1.5 metres version in the S configuration

 

(The standard LEAR configuration).


Unfortunately due to electrical faults in the solenoid, found during the installation on the measurement bench, time permitted only the fist two configurations to be fully measured. A brief description of the characteristics of each series is given below:

Measurement 1. 

To know the magnetic characteristics of the cooler as it was installed in the experimental position in the LEIR Straight Section 2.

The drift solenoid in this configuration was extended to 3 metres using the spare test bench (red) solenoid, but the shape remained the traditional S.

At the interface between the two drift tube solenoids, a new solenoid coil 1cm long with 16 turns was installed, called the Middle Effect Coil (MEC). The purpose of this coil was to compensate for the excessive gap or missing turns in the main solenoids at the interface position.  This separately powered coil required field calibration in order to produce a flat solenoid field across the interface.   

 The transverse field errors measured, permitted correction coils to be made, but unfortunately time did not allow for their effect to be measured or calibrated.
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Figure 3. An example of a magnetic field measurement along the z=0 axis for a solenoid excitation current of 400 A.

Measurement 2.

To know the magnetic characteristics of the 1.5 metre U configuration, the now accepted and installed shape for AD operation. To obtain the U form the Collector Toroid was rotated through 180 degrees.

Measurement 3. 

To know the magnetic characteristics of the Electron Cooler as it was installed for operation in the LEAR machine in Straight Section 3, and to measure the effects of the original auxiliary compensation coils.

These measurements were also to be a verification of the magnetic measurements carried out in 1984 [2].

4. The Measurement Log

The log in the form of an Excel listing (G:\home\r\raybrown\public\meas01.xls) gives all the relevant information about each measurement:

For example:

File Name.
Date.
Solenoid.
Meas.
Auxiliary.
Box.


Meas. Zone.
Other Conditions.



Amperes.
Cane.
Coils.
X   Y   Z
Z.


V2p0p0.dat
18/2/97
700
Short
UBH
0  0  144
(-570 to 860)
UBH152+ 5Amps.

V3p0p0.dat
18/2/97
700
Short
UBH
0  0  144
(-570 to 860)
UBH152- 5Amps.

V4p0p0.dat
18/2/97
700
Short
UBV
0  0  144
(-570 to 860)
UBV171+ 5Amps.

V5p0p0.dat
18/2/97
700
Short
UBV
0  0  144
(-570 to 860)
UBV171- 5Amps.

The file name is made-up of a unique name V2, V3, V4 etc, and the p0p0 in the file name are the X and Y co-ordinates of the measurement, i.e. the horizontal and vertical position of the measurement head. This information is repeated in the “Box “ Z column.

For measurements made on the centreline, the X and Y values are 0. When a volume was measured the X and Y values are the positions in centimetres either side of the axis. 

For example: Z7n2p2.dat, is the file Z7, measurement scan made at position X = –2cms, Y = +2cms.

The cane is the carrying arm on which the measurement head is mounted, and is either short or long, thus allowing the measurement of the outside extremity close to the measurement bench using the short cane, and the long cane to measure most of the drift tube. Unfortunately the range of travel and length of canes were not sufficient to reach the farthest extremity of the magnet and therefore the measurement bench had to be displaced to the opposite end of the electron cooler.

The measurement zone in the Z direction is between the extreme positions of the measurement scan, start and finish inclusive. The reference position Z=0 is the apparent Gun or Collector Solenoid flange at the interface with the toroid flange. This position is well indicated on the measurement drawing.

 
The measurement zone in the example (-570 to 860) is the scan in mm’s either side of Z=0* namely 143 cm or 144 measurement points, this number 144 also figures in the “Box” Z column. The measurement bench made the scan starting at either extremity, acquiring the field measurement for all three planes at the same time non-stop.

The “Other Conditions” column for auxiliary coil measurements contains their polarity information e.g. UBH152+5Amps. The Collector Toroid auxiliary coil UBH connection number 152 was connected to the positive terminal and powered at 5 Amps.

Note.


The strange toroid connection nomenclature is a legacy from the original electron cooling cabling. The toroid auxiliary magnets UBH and TBH are the only original auxiliary coils left on the cooler. In order to try to avoid confusion in the event of referring back to old documentation, the original nomenclature was left unchanged.

5. Measurement Data Files

All the measurement data files are resident on the G disk in the public folder as follows:

G:\home\r\raybrown\public\magmeas\ABpXpY.dat


They are best read by running the program Ecn.tst resident in:




G:\home\r\raybrown\public\Magprog\Ecn.tst


The selection of plots figuring in this report are resident in:




G:\home\r\raybrown\public\Magplots\Filename.xls


The filename of each plot can be found in the bottom left hand corner of each plot. Many more plots can be found in the above directory or in the “Magnetic Measurements” file.

6. Plotting


The plots which figure in this report illustrate the principle axis of the magnets being measured and use the real co-ordinates of X and Y. If an X, Y or Z plane has not been shown it is because the effect in that plane is very small and cannot be sensibly separated from the noise, although all this information is available and can be seen using the program Ecn.tst.

The cooler was measured on its side. The co-ordinates therefore are as follows:


Measurement in X, is the real vertical field Y.


Measurement in Y, is the real horizontal field X.


Measurement in Z, is the real longitudinal field Z. (Unchanged).

The data display program ECN.tst plots the data in the Measurement co-ordinates.
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Figure 3. Co-ordinate system used in the measurements.

6.1. Transverse Orientation.


When looking through the drift tube in the direction of the electron flow, i.e. from the gun end of the cooler, the outside of the machine is the left hand side LHS or -X, and the inside of the machine the right hand side RHS or +X.

When using the raw data with the Ecn.tst program, it is important to remember that the X and Z fields changed sign when the measurement bench was positioned at the opposite end of the solenoid. 

6.2. Order of Measurements.

Version S, 3 metres.

1. Short Cane.     Gun Toroid and Green Drift Solenoid.

2. Long Cane.     Gun Toroid and Green Drift Solenoid Including MEC.

Change measurement bench to Collector End.

3. Long Cane.     Collector Toroid and Red Drift Solenoid including MEC.

4. Short Cane.     Collector Toroid and Red Drift Solenoid.

Version U, 1.5 metres.

5. Short Cane.     Collector Toroid and Green Drift Solenoid.

6. Long Cane.     Collector Toroid and Green Drift Solenoid.

Change measurement bench to Gun End.

7. Short Cane.     Gun Toroid and Green Drift Solenoid.
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9. Figure annexes

A1 to A3: Mechanical drawings showing the co-ordinate system for the measurement series (see 6.2.).

A4: Longitudinal field at the centre of the electron-cooling device in the 3.0m S-configuration vs. excitation current.

A5: Longitudinal field along the cooling axis for a solenoid current of 400 A. Cooler set up in S-configuration.

A6: Vertical component of the magnetic filed along the cooling axis for a solenoid current of 400 A. Cooler set up in S-configuration.

A7: Vertical field in the toroid compensation coils TBH and UBH for a current of 5 A. in each coil.

A8: Longitudinal field at the centre of the electron-cooling device in the 1.5m U-configuration vs. excitation current.

A9: Longitudinal field along the cooling axis for a solenoid current of 400 A. Cooler set up in U-configuration.

A10: Vertical component of the magnetic filed along the cooling axis for a solenoid current of 400 A. Cooler set up in U-configuration.







* Z=0 is redefined in the plots as the centre of the Drift Solenoid in both the 1.5 and 3 m versions.





