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High-Temperature Superconductors: A MuC Necessity REBCO HTS

From cooling to acceleration to final focusing, the Muon -

Collider design relies on high-field magnets!
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Superconductors operating in the
20-50K temp range or above (HTS) - Manufactured in tapes instead of

The Muon Collider is also a significantly improve energy wires

, high-radiation environment efficiency and may reduce
il i —20G —ai —200 It shielding thickness by 10mm. [1]
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Strain and Critical Current Retention REBCO Tape Geometry

REBCO is a brittle, ceramic material — under strain, can be irreversibly damaged Tape Components:
Sources of strain: REBCO

Our asymmetric tape design

REBCO on neutral plane

2. Mechanical
1. Thermal strain strain due to
during tape winding tape magnet is

production around wire/cable energized and in-

formation
former field
Copper stabilizer : 20 um—»
Silver Overlayer: 2 um

Currently under investigation at Fermilab for neutral- REBCO layer: 1- 2 um ,
axis tape on flat rounded-edge Rutherford cable Buffer stack: ~ 0.2

Substrate : 30 ym ——»

3. Mechanical 4. EM strain due to Hastelloy substrate
Lorentz forces after ore
Copper stabilizers

Copper: 24.5 um

strain due to cable
bending during coil

_ —« REBCO:1 um

<«—Hastelloy: 23.5 um

I ——— Copper: 1 um

Equal amount of material on either side of REBCO

Strain can’t be directly measured, only modeled

- Our real figure of merit is critical current retention Silver Overlayer: 2 m-—-

1 1c 1 Copper stabilizer :
- Measured before and after strain is induced pper st 2°W- Left: example of a symmetric tape design, used in [4]
- Correlated to modeled critical strain <— Width of the tape: # mm—s>-

In the FEA model, we neglect the

Critical current retention goal: 1//1°> 0.9 thin layer of copper and instead set
equal widths of upper copper and

Hastelloy. Left: tape geometry model
with REBCO layer selected. Right:

RUtherford Cable Geometry SutTa el @elsilee ki tape model after finite element

meshing.
stranded cable used in

most SC accelerator ] ; ; .
magnets Tape Winding Simulation

We use Ansys Mechanical to model winding
We will wind REBCO tapes around Tape connected to cable at edge g

L 0.0063884

flat rOUndEd'Ed e Cable to - G 2 o - L 00043108
L 20 Tape then placed under tension L
minimize bent sections. ‘ 5

Cable rotated through 1802 or 3602to0 =—=——=—"
model a half or full twist pitch

Only REBCO layer displayed. B oo
L 0:012594

0.02 () . Maximum Principle Elastic Strain . e

Aluminum tape wound around | ; - s

0.0022513

copper RC for illustrative purposes. Segment of flat rounded-edge cable \ il

0.01 0.02 (m)

Our REBCO tapes will be thinner with tape contact, pre-winding | \ | : ‘
(width ~ 2-4mm). simulation, after FE meshing. »

0.002497

Cable Bending Simulation + Tests s

Modeling
- Tape and cable model will be pre-stressed with stress-strain state

from winding simulation : . A . :
- Ansys will then model the 3602 helical bending of the Rutherford Future Considerations: Coil Formation and Quench Testing

cable around a steel core After bending tests, we will need to model and evaluate:
et (| la LI - Various coil geometries
estin . . . .
S | - REBCO response to quenching (rapid and irreversible
- Once neutral plane tapes are - _ .
received at ENAL from AMPeers transition to normal-conducting regime)

LLC, they will be wound around . - Quench prevention
the Rutherford cable and o
testing will begin
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