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Abstract

High luminosity LHC upgrade (HL-LHC) project is ongoing at CERN. The goal of this project is to achieve the peak
luminosity of 5x10°** cm?s and the integrated luminosity of 3000 fb™. One of the key technical challenges for this goal
is upgrade of superconducting magnets at the insertion regions on both sides of two interaction points, ATLAS and CMS.
KEK is in charge of development of beam separation dipole (D1 magnet). The requirements for new D1 are coil aperture
as large as 150 mm and field integral of 35 Tm at the nominal current of 12.0 kA and operating temperature at 1.9 K. The
mechanical length of production magnet is around 7 m. After series of design studies, we started fabrication of 2 m model
magnet in KEK to establish technologies for the production magnets. In this paper, we report on overview of D1 magnet,
magnetic and mechanical design and fabrication of 2 m model.
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Figure 1: Layout of magnets around the interaction point.
(ATLAS and CMS) in nominal LHC and HL-LHC.
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Table 1: Design Parameters of D1

Production 2 m model
Coil aperture $150 mm
Nominal current 12.0 kA
Operating temperature 19K
Field integral 35Tm 9.8 Tm
Nominal dipole field 557T
Coil peak field 6.44 T in the straight section

6.55 T at coil end

Load line ratio 75.4% in the straight section

76.6% at coil end
Field quality <10 with respect to nominal
dipole field
Differential inductance 3.95 mH/m
Stored energy 340 kJ/m
Coil mechanical length 6.57m 2.00 m
Magnet mechanical length 6.72 m 2.15m
Heat load 135 W in total
2 mW/cm? at local peak
Radiation dose > 25 MGy
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Figure 2: 3D exploded view of D1 magnet.
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Figure 3: ROXIE model for 2D magnetic field
calculation.
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Figure 4: Multipole coefficients
ramping-up and down.
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Figure 5: Coil end shape for 7 m production magnet
(left). 2D cross-section in the straight section (right).

Table 2: Multipole Coefficients at /=12.0 kA Averaged
over Coil Length for 7 m Production Magnet

0.490 unit
0.271 unit

-0.644 unit
-0.449 unit
0.033 unit

-0.718 unit

-1.085 unit
-0.737 unit
0.379 unit
-4.745 unit
1.666 unit
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Figure 6: Stress distribution in iron yoke after key
insertion.
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Figure 7: Coil stress after each step calculated with
ANSYS.
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Figure 8: Two 2-m long coils after curing.
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Figure 9: Collar plates fabricated by fine-blanking.
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Figure 11: 2 m model magnet after shell and end-
ring welding, and splice work for ramp leads.
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