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Superconducting Linac-Ring IR Magnet Design
and Prototyping Challenges
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g-ring option half-quadrupole, 4900 A, Gradient 137 T/m,
25Td1po fl ﬁ'omfeddown

Double aperture
(vertical)

Double aperture
(horizontal)

Single aperture (for
two beams)

Block coill

Mirror

7400 A
MQY cable

7400 A
MQY cable

4600 A
MQY cables

4600 A
MQY (non-keyst.)

4900 A
MQY cables

95 mm

100 mm
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56 mm

65 mm

0.2E-3T

0.2E-3T

0.016 T

0.07 T + quad
comp.

0.03T

Stephan Russenschuck, CERN TE-MSC, 1211 Geneva23




Stephan Russenschuck, CERN TE-MSC, 1211 Geneva23

Self-locking collars

Collaring Press

Stress [MPa]

Average Coil stress during collaring, cool down and powering
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@ Collaring Procedure for (two-in-one) Dipole
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Mechanical Design Principle
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Mechanical structure not trivial: Coil pre-stress must be exerted by the split-yoke structure
Creates non-allowed mutipoles

Loss of pre-stress due to the contraction of coil and yoke (open mid gap at room
temperature?)

Use of vertical dipole-type press
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[Btot| (T)

5.394
5111
4.828
4.544
4.261
3.977

3.694
3411
3127
2.844
2.561
2.277
1.994
1.71
1427
1.144
0.860
0.577
0.294
0.010

ROXIE 102

Gradientof 97 T/m and 2.7 T dipole field compared to 120
T/m achieved with MQXC (full) quadrupole but

Not so far from the conceptual design using MQY cable (110
T/m)
Conductor, end-spacers, winding and curing tooling available
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Q2

A (Tm)

6090 A, 225 T/m at 80% on load-line

4140 A, 133 T/m, 3.3 T at 80%

23 mm aperture

87 mm beam separation

46 mm (half) aperture
57 mm beam separation

0.027 T, 3.2 T/m in pl/e-beam pipe

0.34 T, 16.5T/m in pl/e-beam pipe
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Linac-Ring Option (Choice of Nb3Sn Strands)

Nb3Snh properties in simulations are in accordance with
measurements on single strands for CLIC wiggler development
(HFM46) and specifications of cables for HL-LHC Inner-triplet
upgrade, 11 T dipoles etc.

(2400 A/mm?) at 12 T and 4.5 K. Possibly, operation at 1.9 K
(2940 A/mm? at 12 ) Operation at about 80% on the load-line.

Setting errors (large persistent current, is this important?)
Lengths issues (curing, unit lengths of cables)

3-meter long magnets o.k. and compatible with layout allowing for
Increased beam-separation distance.
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[Btot| (T)

5.547
5.256
4.965
4673
4.382
4091
3799
3.508
3.216

2,925
2.634
2.342
2051
1.760

1.468
1177
0.886
0.594
0.303
0.012

ROXIE 12

8600 A, 311 T/m, at 78% on load-line

5700A, 175T/m, 4.7T at 79% on LL (4 layers)

23 mm aperture

87 mm beam separation

46 mm (half) aperture

57 mm beam separation

0.097T, 9 T/m in pl/e-beam pipe

0.5T, 25 T/m in pl/e-beam pipe




Saturation of the Mirror
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Multipole Field Errors and Fringe Fields due to Mirror Saturation
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Ring-ring option: Nb-Ti magnets can be built with LHC
cable (either MQY cable [stock?] or LHC main dipole cable
[if not used for the Upgrade Triplets]). Single aperture
magnet is a straight-forward engineering design effort,
mirror quad requires validation with a short model.

Consider building a full-scale model (2-m-long) with MQXC
like coils (CEA-Saclay has tooling).

Linac-ring option: Nb3Sn technology requires R&D efforts (synergies
with LHC upgrade, Fresca Il, US-LARP). Long lead times for the
production of strands and cables, large tooling costs for coill
production and curing.

Any decision must be based on outcome of said R&D efforts
(milestone 2014-2015).

Consider increasing the beam separation (crossing angle) and
lowering the gradient in Q1 (to limit saturation of the mirror). Check
collision optics for field errors.
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Serious model magnet (2-m-long) program required.



