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Abstract

This paper will present the results of 3D calculations per-
formed in the Opera program, also show the data obtained
during measurements of the first CR dipole, manufactured
at the end of 2020.

INTRODUCTION

The design of CR dipole magnets for the FAIR project
in Germany began in 2014 at BINP. CR is a special storage
ring where the main emphasis is placed on efficient sto-
chastic pre-cooling of intense beams of stable ions, rare
isotopes or antiprotons.

This type of magnet is iron-based electromagnet with
straight pole, sector form is realized by cutting ends. The
maximum field value is 1.6 T. The integrated over the
length of the magnet field quality as a function of radius is
dB-1/B-1=£1-10* with 190 mm good field region as re-
quired from the beam dynamics simulations. This chal-
lenging field quality is necessary mainly for precise exper-
iments with ion beam in ISO regime. Below 1.6 T the value
dB-1/B-1 can be higher with a linear approximation up to
£2.5-10* at the field level of 0.8 T.

The first prototype has been manufactured at the end of
2020. Here we describe features of the dipole, 3D calcula-
tions and measurements of magnetic field.

MAIN PARAMETERS OF THE
DIPOLE CR

Figure 1 shows the cross section of the CR dipole.

Figure 1: Cross-section of a CR magnet.

This magnet has a straight yoke. The shape of the sector
is realized by the cut ends of the poles. The cross section
of the coils is rectangular. Table 1 shows the main charac-
teristic data of the CR FAIR dipole [1].
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Table 1: Characteristic Data of the CR FAIR Dipole
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Parameter Value
Rotation angle 15°
Turning radius 8.125 m
Range of working fields 0.8+1,6 T
Maximum integral of the magnetic 3403 Txm
field

Working area 380x140 mm?
Air gap size 170 mm
Homogeneity of the integral of the £1-10
magnetic field (in the working area)

B=1.6T

Homogeneity of the integral of the 5 5.1«
magnetic field (in the working area) ’
B=0.8T

Supply current 1421 A
Number of turns 176
Effective magnetic length 2.153 m
Yoke length 2.121m
Magnet total length (with coils) 2.690 m
Iron weight 53.54 t
Coil weight 3.783 t
Totgl mass of the dipole (upper 508t
limit)

Loss 126 kW

All 24 dipoles in the storage ring will be connected in
series. The maximum allowable discrepancy between the
calculated and experimental data of the magnet is 5-10.
The required uniformity of the integral of the magnetic
field in a good field area should be:

§ = f(BYmeasured_BYtheory)dl

BycenterLeff
where By neqsureq 18 measurement of the field along the
trajectory of particles, By;peory is the theoretical field of a
sector dipole with a turning radius of 8125 mm and a turn-
ing angle of 15 °, By center 15 the measured field in the cen-
ter. Ly is the effective magnetic length of the dipole along
the central path. Integration is carried out along the trajec-
tories of particle motion. The length 1 varies depending on
the radial position of the beam trajectory inside the sector
magnet.

TUPAB364
2367

©= Content from this work may be used under the terms of the CC BY 3.0 licence (© 2021). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI



12th Int. Particle Acc. Conf.
ISBN: 978-3-95450-214-1

Figure 2 shows 3D models of a CR magnet.
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Figure 2: 3D model of a dipole magnet CR.

MEASUREMENTS OF THE CR FAIR
DIPOLE MAGNET

The first CR dipole magnet was manufactured at the end
0f 2020.

A number of measurements of the first ready-made di-
pole magnet CR was carried out at the stand of magnetic
measurements of the BINP SB RAS (see Fig. 3). The meas-
urements were carried out at half current (I=750 A), since
the power supply available at the stand at the moment does
not allow raising the value to [=1497 A. Several variants of
the pole profile were considered: without chamfer, with
chamfers Nel and Ne3 (see Fig. 4).

Figure 4: Quarter pole chamfered dipole.

To obtain the data, we used a carriage with dimensions
164x240 mm?, 14 mm high, with 17 Hall sensors spaced
from each other with a step of 9.5 mm (see Fig. 5). The
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carriage was placed on a plate, which was placed on rails
specially prepared for this magnet and stretched along the
length of the magnet (see Fig. 6). The measurements were
carried out in several planes: the carriage along the plate
was shifted from the extreme left to the right positions; dur-
ing processing, the obtained data were stitched together.

£

Figure 5: Carriage with 17 Hall sensors.

Figure 6: CR dipole precision measurement system based
on carriage with Hall sensors, plate and rail.

Figures 7, 8 and Table 2 show the obtained values of the
field integral, integral homogeneity and field quality in
comparison with the calculations made earlier in the pro-
gram Opera at half current.
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Figure 7: Field integral plot at [=750 A.
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Figure 8: A plot of the integral homogeneity at =750 A: a.
no gradient deduction (calculations, no chamfer and final);
b. with the deduction of the gradient (calculation and ver-
sion without chamfer); c. calculation and variant with
chamfer Nel; d. calculation and variant with chamfers Nel
and Ne3.
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Table 2: The Obtained Values of the CR FAIR Dipole in
Comparison with the Calculated Ones at =750 A

B in the Field Integral &max &min
Center, G Gxcm x104  x10*
Opera
Without
Cham- 9316.57 2084510 1.86 -6.04
fer
Cham- 9316.74 2043918 064  -561
fer Nel
Cham-
fers Nel 9316.98 2022179 0.79 -2.22
and Ne3
Measurements
Without
Cham- 9276.90 2076194 0.25 -4.54
fer
Cham- 928043 1997787 0.63  -5.74
fer Nel
Cham-
fers Nel 9280.12 2012802 0.75 -2.77
and Ne3
CONCLUSION

In the course of the work, the first measurements of the
CR FAIR dipole magnet were carried out using a carriage
with 17 Hall sensors at half current (I=750 A) with several
chamfer options. The obtained measurements were com-
pared with the data obtained during the simulation of this
type of dipole in the Opera program: the variant with cham-
fers Nel and Ne3, which ensure the required quality of the
magnetic field in the integral sense of +1x10 in the work-
ing area of 380x140 mm?, was selected.
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