¢ Brookhaven

National Laboratory
BNL-104804-2014-TECH

AGS/AD/Tech Note No. 388;BNL-104804-2014-1R

MAGNETIC FIELD MEASUREMENTS OF THE SuperEBIS
SUPERCONDUCTING MAGNET

A. Hershcovitch

January 1994

Collider Accelerator Department

Brookhaven National Laboratory

U.S. Department of Energy
USDOE Office of Science (SC)

Notice: This technical note has been authored by employees of Brookhaven Science Associates, LLC under
Contract No.DE-AC02-76CH00016 with the U.S. Department of Energy. The publisher by accepting the technical
note for publication acknowledges that the United States Government retains a non-exclusive, paid-up, irrevocable,
world-wide license to publish or reproduce the published form of this technical note, or allow others to do so, for
United States Government purposes.



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any
agency thereof, nor any of their employees, nor any of their contractors,
subcontractors, or their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or any
third party’s use or the results of such use of any information, apparatus, product,
or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service
by trade name, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof or its contractors or subcontractors.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



Accelerator Division
Alternating Gradient Synchrotron Department
BROOKHAVEN NATIONAL LABORATORY
Upton, New York 11973

Accelerator Division
Technical Note

AGS/AD/Tech. Note No. 388

MAGNETIC FIELD MEASUREMENTS OF THE SuperEBIS
SUPERCONDUCTING MAGNET

A. Hershcovitch, A. Kponou, R. Clipperton, W. Hensel, F. Usack

January 24, 1994

SuperEBIS was designed to have a solenoidal magnetic field of a 5 Tesla
strength with a 120 cm long bore. The field was specified to be straight within
1 part in 10000 within the bore, and uniform to within 1 part in 1000 within the
central 90 cm. This was for an operating mode in which the end coils are used
to flatten the axial profile.

Figure 1 shows the magnet structure. The superconducting magnet
consists of nine coils, five of which form the main solenoid with four
compensation coils. Two pairs of two coils each are independent bucking coils.
In the main solenoid, the main coil section (#1 in Figure 1) has 36,085 turns, on
top of which at both ends there are end compensation coils (#2 and #3 in Figure
1) consisting of 1,498 turns each. Located 30 cm from the center at either side
there are two additional compensation windings (#4 and #5 in Figure 1) of 46
turns each. All these coils are powered by a single supply.

Each pair of bucking coils can be energized independently. Each bucking
coil consists of two coil sections. In each, one coil (#6 or #7 in Figure 1)
consisting of about 2,420 turns, is located at the end of the main solenoid, while
the second coil (#8 or #9 in Figure 1), consisting of 476 turns, is wound on top

of the main solenoid. The coils are connected in series, such that the current



circulates in the opposite direction in the coil that is wound on top of the solenoid
(#8 or #9) to cancel the effect of the outer coil (#6 or #7) on the central field
region.

Magnetic field measurements were performed with a computerized
magnetic field measuring setup [1] that was borrowed from W. Sampson’s group.
The results are displayed in Figures 2-11. In some of these figures, MC, UC,
and LC designate main coil, upper coil, and lower coil, respectively.

A comparison between Figures 2 and 3 indicates that at the fields of
interest to us, magnetization (trapped) field effects are unimportant.

In Figure 5, two sets of data are displayed. The reason for the"scale up"
to 40 A is an accidental loss of the 40 A data that occurred while the 36.5 A data
was loaded into the computer. Figures 6 and 7, as well as Figures 8 and 9 show
that (the compensation effects) of the compensating coils do indeed work well.
We had a pleasant surprise in our ability to operate the bucking coils in the
bucking mode since previous attempts to do so failed. The failures were
attributed to fabrication errors.[2]

| A preliminary test was made of a scheme to determine if the magnetic and
mechanical axes of the solenoid coincided, and, if not, by how much. This is
described in more detail in the Appendix.

We would like to thank Bill Sampson, Arup Ghosh, and Ken Robins for

lending and helping us with their magnetic measurement setup.
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Figure 1. The Superconducting Solenoid of
SuperEBIS.
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Figure 2. Field profile of upper

bucking coil energized to 30 A.
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Figure 4. Profile of lower bucking
coil energized to 30 A.
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Figure 3. Profile after cycling
upper coil to 35 A.
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Figure 5. Field profile of main coil
energized to 36.5 A (solid
line) and scaled to 40 A
(dashed line).
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Figure 6. Main coil at 40 A and
bucking coils at 30 A.
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Figure 8. Main coil at 20 A, and
bucking coils at -20 A.
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Figure 7. Reconstructed result in
Figure 6 from data used in
Figures 2, 4, and 5 (with
some scaling).
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Figure 9. Reconstructed profile
in Figure 8 from data used
in Figures 2, 4, and 5
(with scaling).



APPENDIX

Referring to Figure A.1, the axes are perpendicular, or very nearly so, to
the plane of the figure. (The Hall probe is assumed to rotate about the
mechanical axis, and it can also be moved along the axis.) When the probe is
rotated as shown in the fringe fields where the field has a radial component, the
field measured is given by:

4 u0)

B(®) = B, cos(a(8)) | Al
—4—05(6
do

(Remove one of the absolute value signs in A.1 if dR > RP.)

B, =k - R(6) A2
R(©) = \/RP2 + dR%® -2 - dR - cos(m -60) A3
= sin"l|(-ZR | sin(x - A4

a(0) = sin [(R(B)) sin(r B)} _

The cos («(©)) term in A.1 is present because the probe is not always
perpendicular to B,. The linear relationship in A.2 was verified up to R = 3.5
cm by plotting the results of a computer calculation for different distances from
the midplane.

The main fitting parameter for A.1 to the data is dR. But we also varied
k, assuming we had not correctly estimated the distance from the midplane and
RP. The data and best visual fit are shown in Figure A.2.

The values of the fitting parameters obtained were: dR = 1.2 mm, k =
277 G/cm, and RP = 9.5 mm. From the magnet calculation, this value of k is
obtained approximately 3 cm closer to the midplane.

If we note that the extrema in B, occur when the probe is collinear with
the axes, then, by determining the origin of the rotation and repeating the
measurement at other axial positions of the probe, we can construct a 3-D picture
of the misalignment. A combination of circumstances made it impossible to
repeat the measurements at other axial positions.
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In the analysis, we have neglected the fact that the plane of rotation of the
probe may not be perpendicular to the magnetic axis. This introduces a cos (¢)
- type correction, to B, where ¢ will usually be a small angle. n
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Figure A.1 - Scheme to determine dR by measuring B, vs ©.
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Figure A.2 - Magnetic field (in Gauss) vs angular position (0) of the Hall probe

in Figure A.1. Points are the measured data, solid line is the fit
of Equation A.1.



