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Abstract

The magnetic system of the NICA collider includes 86
quadrupole and 80 dipole twin-aperture superconducting
magnets. The serial production and testing of the dipole
magnets was completed in the summer of 2021. The tests
of the quadrupole magnets of the collider and the
quadrupole units of the FAIR project have successfully
entered the phase of serial assembly and testing at the Joint
Institute for Nuclear Research (VBLHEP JINR). One of the
important testing tasks is to measure the characteristics of
the magnetic field of magnets. The article describes the
state of magnetic measurements and the main results of
magnetic measurements of NICA collider magnets,
quadrupole units of the FAIR project, as well as plans for
measuring the following types of magnets of the NICA
project.

INTRODUCTION

NICA (Nuclotron-based Ion Collider fAcility) is a new
acceleration-storage complex[1]. It is under construction in
JINR. In parallel with the NICA project, the FAIR project
is being implemented in Darmstadt, Germany, of which the
SIS100 accelerator is a part [2]. The SIS100 accelerator
includes 166 quadrupole units of various configurations.
For quadrupole units, it is necessary to measure these
parameters of the magnetic field:

e Integral of the mainl field component (GL).

Effective length (Lefy).

Roll angle ().

Position of magnetic axis (dz, dy).
Relative harmonics up to 10%.

At the moment, 25 units have successfully passed
cryogenic tests.

Collider includes 86 quadrupole and 80 dipole twin-
aperture superconducting magnets. Manufacturing of 80
main and 6 reserve magnets is finished now. To carry out
magnetic measurements, the method of rotating harmonic
coils, described in articles [3], [4] was chosen. It is
necessary to measure the parameters of the magnetic field
such as:

Field in the center of the dipole (B1(0)).
Effective length (Lef).

Magnetic field angle ().

Relative harmonics up to 10,
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Dipoles were tested at the ambient and operating (4.5 K)
temperatures. Maximal operating current at operating
temperature is 10.44 kA for NICA collider and 11.5 kA for
SIS100 quadrupole units.

MAGNETIC MEASUREMENTS SYSTEMS
(MMS)

Figure 1 shows the progress of magnetic measurements.
For serial magnetic measurements, 4 stands are used, 3 for
measurements at room temperature, 1 for measurements in
cryogenic conditions. The total number of magnetometers
is 15 pcs.
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Figure 1: The progress of magnetic measurements.

For measurements of quadrupole magnets of both the
NICA and FAIR projects, in addition to the method of
rotating harmonic coils, the method of a vibrating string is
used.

MMS for NICA Collider Dipoles

During the measurements, 6 serial magnetometers (see
Fig. 2) were created to measure the collider dipole
magnets. 2 magnetometers are used in the area of warm
magnetic measurements, and 4 magnetometers on the
cryogenic stand. A detailed description of the measurement
system and design of the magnetometer is presented in [5].

The statistics of parameters of magnetic field are
presented in the results (see Fig. 7, Fig. 8, Fig. 9).
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Figure 2: Serial magnetometers for collider dipole
magnets.

Key features of magnetometers:

o The production time of 1 magnetometer: 60 days.

e Fach magnetometer is relative calibrated on a
reference magnet.

o The assembly is carried out under the control of a
control measuring machine (0.050 mm).

e The accuracy of the measuring system does not
exceed the TK tolerance.

MMS for NICA Collider Quadrupoles

At the moment, 6 serial magnetometers are taking part
in the measurements. Each magnetometer is equipped with
a hall sensor for measuring correctors, which are mounted
on a quadrupole magnet.

Figure 3 shows a stand of warm (I=100 A) magnetic
measurements. The concept of magnetometers, as well as
the control and data acquisition system, is similar to that
used in [3] and [5].

N

Figure 3: Warm magnetic measurement stand.

The key features of the magnetometer are similar to
those for collider dipole magnets.

MMS for FAIR Quadrupole Units

The design of a magnetometer for quadrupole units is
based on the design of magnetometers for collider
quadrupoles. The main differences are:

e The production time of 1 magnetometer: 90 days.

e The magnetometer is equipped with a system for

monitoring the position of the axis of rotation.

e 4 ceramic bearings. 2 of them are double-row self-

aligning.

Figure 4 shows a 3D model of a quadrupole unit with an
installed magnetometer.

The statistics of parameters of magnetic field are
presented in the results (see Fig. 11, Fig. 12).
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Figure 4: Serial magnetometer for FAIR quadrupole units.

POLE GEOMETRY CONTROL SYSTEMS

Since the field for magnets for the NICA and FAIR
projects is formed by an iron yoke, the exact measurement
of the geometry of the poles and their mutual position is of
particular interest.

Pole Gap Measurement System for NICA
collider dipoles

The system (see Fig. 5) was developed and assembled at
JINR. It allows measuring the interpolar gap of the collider

two-aperture dipole magnets with an accuracy of no worse
than 0.005 mm.

Figure 5: PCB harmonic coils for FAIR qadrupole untit
magnetometer.

The main element of the system is 6 MicroEpsilon
capacitive sensors with a measurement range of 0 - 1.2 mm.

Thus, by measuring the geometry of the poles, it is
possible to carry out a comparative analysis of the results
of measuring the geometry of the poles and the results of
magnetic measurements.

Hyperbolic Profile Measurement System for
FAIR Quadrupole Units

The concept of the system is similar to that described
above. The measuring card contains 20 capacitive sensors,
which allow measuring the hyperbolic profile of a
quadrupole unit with an accuracy of no worse than 0.005
mm.

The main elements of the system are shown in Fig. 6.
The statistical measurement results are shown in Fig. 10.
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Figure 6: Hyperbolic profile measurement system for
FAIR quadrupole units.

RESULTS

Below are the results of magnetic measurements for
dipole and quadrupole magnets of the NICA project, as
well as measurements of the interpole gap of dipole
magnets.
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Figure 7: Relative spread of the integral of the magnetic
field for dipole magnets of the NICA project.

Number of magnets

Y e maa
Figure 8: Integral angle of the magnetic field of the dipole
magnets of the NICA booster

o

6 u

44

ol -

Multipolses at 10.44 kA, [units]

b2 b3 b5 b7 a2 a3

Multipoles
Figure 9: Multipoles for dipole magnets of the NICA
project.

Superconducting technologies in accelerators

RuPAC2021, Alushta, Russia
ISSN: 2673-5539

JACoW Publishing
doi:10.18429/JACoW-RuPAC2021-WEBO2

50

40

30

204

Number of magnets

N

72.05
<Gap>, [mm]

=
72.06 72.0

Figure 10: Interpolar gap for dipole magnets of the NICA
project.
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Figure 11: Relative spread of the integral of the magnetic
field for quadrupole magnets of the NICA project.
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Figure 12: Multipoles for quadrupole magnets of the NICA
project.

CONCLUSION

Magnetic measurements performed:

e 100 % collider dipole magnets.

e 35 % collider quadrupole magnets.

e 15 % SIS100 quadrupole units.

Total created magnetometers:

o 16 serial magnetometers of various configurations.
Measuring stands put into operation:

e 6 stands for measuring magnetic field parameters.
o 2 stands for measuring the geometry of magnets.

REFERENCES

[1] Technical Project of NICA Acceleration Complex, Dubna,
2015.

WEB02
73

©

©=2d 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



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

=g

~
[N

27th Russian Particle Acc. Conf.
ISBN: 978-3-95450-240-0

(2]

—
9%}
—

—
N
—

—
(9]
—_

E. S. Fischer, E. Floch, J. Macavei, P. Schnizer, P. G. Akishin,
and A. Mierau, “Design and Operation Parameters of the
Superconducting Main Magnets for the SIS100 Accelerator
of FAIR”, in Proc. 2nd Int. Particle Accelerator Conf.
(IPAC'11), San Sebastian, Spain, Sep. 2011, paper WEP0024,
pp. 2451-2453.

A. V. Shemchuk et al., “Serial Magnetic Measurements for
the NICA Quadruple Magnets of the NICA Booster
Synchrotron”, in Proc. 9th Int. Particle Accelerator Conf.
(IPAC'18), Vancouver, Canada, Apr.-May 2018, pp. 3649-
3652.doi:10.18429/JACoW-IPAC2018-THPALO14 .

V. V. Borisov et al., “Magnetic Measurements of NICA
Booster Dipoles”, in Proc. 8th Int. Particle Accelerator Conf.
(IPAC'17), Copenhagen, Denmark, May 2017, pp. 3458-
3460. doi:10.18429/JACoW-IPAC2017-WEPVAGST.

M. M. Shandov et al., “The Present Status of the Magnetic
Measurements of the NICA Collider Twin-Aperture
Dipoles”, in Proc. 26th Russian Particle Accelerator Conf.

(RuPAC'18), Protvino, Russia, Oct. 2018, pp. 349-352.
doi:10.18429/JACoW-RUPAC2018-WEPSB32.

, WEB02

RuPAC2021, Alushta, Russia JACoW Publishing
ISSN: 2673-5539

doi:10.18429/JACoW-RuPAC2021-WEBO2

Superconducting technologies in accelerators



