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Introduction

In this poster, we present a new method to minimize the magnetic cross-talk in twin-
aperture cos 0-type dipoles. In single-aperture cos 6 layout, the coil design can be per-
formed with an analytic approach based on a sectors dipole. The great advantage of this
method is a rapid evaluation of the field harmonics, which permits an almost exhaustive
scan on positions and dimensions of the sectors for coil layouts with different number
of sectors. In twin-aperture arrangement as the 16 T bending dipole of the Future Cir-
cular Collider (FCC), the magnetic cross-talk between the two coils isn’t negligible and
requires an extension of the single-aperture sectors model. The analytical scan has per-
mitted to find alternative coil designs for the FCC bending dipole.

Extended sectors model

Twin-aperture magnets have to accommodate two closed apertures surrounded by coils
inside a common iron yoke. In the FCC-hh cos 0 layout, the two coils are mirrored and
their cross-section is left-right asymmetric to minimize the magnetic cross-talk. Intro-
ducing the sectors model, we can write the normal multipoles of each right coil sector

as
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where ¢ and ¢ + m d¢ are the beginning and final angles respectively of each sector on
the right side, ¥ and ¥ + m d¢ are the beginning and final angles respectively of each
sector on the left side, m is the turns number of each sector and d¢ is the “quantum” of
angle occupied by each turn.

The left coil is described approximating each conductor by a single current line flowing
in the center of the turn itself. So, the normal multipoles of each left coil sector, produced
in the right coil aperture, follow from the formula of the current line harmonics, summed
on the sector turns number:
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where the coordinates p; and 6; of each current line are linked to the angles (¢, ) of the
corresponding right coil sector, by trigonometric formulas.
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Figure 1: Sketch of twin-aperture dipole.

The normalized normal harmonics, produced in the right coil aperture by the two coils,
are
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where N is the sectors number. Eq. (4) is minimized by an iterative method: first, we
generate a random left coil configuration (¢, Y1, mq, ..., PN, YN, my) and compute the
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contributions B,l,,,p (1, Y1, m1, ..., PN, YN, my); then, we find a right coil configuration
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delete the contributions B,lw (1, W1, M1, ..., 0N, YN, mN).  After, we update the

left coil contributions B,lqlp (qb’l,gbll, m’l,...,gb;\,, 1/)3\,, m;\,) and we find a second
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right coil configuration (qbl,tl)l,ml,...,(pN, 119 mN) for whom the harmonics
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We repeat these steps until the configuration doesn’t change anymore.

Electromagnetic design

The analytical scan has found more than 30 possible solutions. We show one of the best
design, which is very similar to that presented in the Conceptual Design Report (CDR).

Table 1: Design parameters

Bore inner diameter 50 mm
Beam distance 250 mm
Iron yoke outer radius 330 mm
Material Nb3Sn
Bore nominal field 16T
Operating temperature 19K
Operation on load-line (HF/LF) 86/84.7 %
Operating current 11410 A

Field harmonics (geo/sat) < 3/10 units

Bl (T)

16.41
15.55
14.69
13.84
12.98
12.12
11.26
10.40
9.545
B.686
7.827
6.968
6.109
5.250
4.391
3.532
2.673
1.814
0.955
0.096
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Figure 2: Coil design and magnetic field in the xy-plane.

|B| flux density (T)

5.280
5.021
4,762
4.504
4.245
3.986
3.728
3.469
3.210
2.952
2.693
2.434
2.176
1.917
1.658
1.400
1.141
0.882
0.624
0.365
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Figure 3: Magnetic field in the iron yoke sorrounding the coils.

Table 2: Normalized normal harmonics at operating current.

by b3 by bs bg by bg by byp b1y bip b1z bia bis big byy
O 0O 0 0 -0.0205002-025002113 0 -025 0 -0.05 0 -0.05
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