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DEVELOPMENT REBCO can be the dream magnet technology

PROGRAM

for future circular colliders

20 T dipole field at 20 K with LH,

20 -
* Presently the only conductor with

a dozen vendors and a potential
market [VIad’s talk]
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- A capable, affordable
’ and sustainable collider

0

0 20 40 60 80 100



https://doi.org/10.1007/s10894-015-0050-1
https://doi.org/10.1038/35104654

U.S. MAGNET
DEVELOPMENT

PROGRAM Today REBCO is a curious nightmare

 Least advanced magnet technology
o 4.5 T maximum dipole field so far (EUCARD2 Feather2 magnet)

* We know little about it
o Lots of open questions

REBCO Round Table, Fermilab, 2 November 2023



U.S. MAGNET

o We try to address a few selected driving questions

* How to make magnets using REBCO conductors?
 What kind of conductor works?
 What's the maximum field we can generate?

« What's the magnet performance? What are the
performance-limiting factors? How do they fail?

\ So what?

l1 ENERGY | stone REBCO Round Table, Fermilab, 2 November 2023



U.S. MAGNET
DEVELOPMENT

PROGRAM We focus on round wires with industry partners

SBIR programs enabling effective collaboration
CORC® wire

/ l - /N S

STAR® wire

B i i



http://www.ampeers-llc.com/
https://www.advancedconductor.com/

U.S. MAGNET

DEVELOPMENT

PROGRAM CCT is the main design for the baby magnets

« Canted cos0 design is attractive for o N
high-field magnets " Field 'r
o Reduce conductor stress
o Provide good geometric field quality
o Cancelled solenoid field lowers efficiency Meyer+Flasck70, Arbelaez22

_‘.»/))%/}/’////Z ~

current”

 Leverage the effective development for
Nb,Sn CCT

o Wax-impregnation for STAR® wires by
José Luis and Diego

REBCO Round Table, Fermilab, 2 November 2023


https://doi.org/10.1016/0029-554X(70)90784-6
https://doi.org/10.1109/TASC.2022.3155505

U.S. MAGNET

DEVELOPMENT

PROGRAM We are making tools to build magnets

Magnet mandrel Conductor spool

Reproducible winding
 REBCO is brittle and
sensitive to handling Human

interface

{@)ENERGY |oneof REBCO Round Table, Fermilab, 2 November 2023



U.S. MAGNET
DEVELOPMENT

PROGRAM We are making tools to build magnets

Low-resistance termination A(:‘;LE;‘:‘I’;"’TZ;%GCSEIZ
e <50n0Ohmupto 12 kA
at4.2 K
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Cu strands

Micro-CT image from U. Houston




U.S. MAGNET
DEVELOPMENT

PROGRAM We are making tools to understand magnets

_ o _ Magnetic sensing, more from Reed’s talk
Diagnostic instrumentation for _

insight into magnet behavior
* Acoustic sensing
 Magnetic sensing

* Fiber-optic sensing

transducer

i Wire
A spacers

" Imbalance
SEnsor 4 Teyber22

{@} Eﬁéﬁd\' - REBCO Round Table, Fermilab, 2 November 2023


https://doi.org/10.1038/s41598-022-26592-2

DEVELOPMENT C2 with CORC®

PROGRAM

generated 2.9 T dipole field at 4.2 K

Negative lead Layer 3/2 joint Layer 4 Alignment pin Pedestal
; —_ _

P

Nb-Ti leads

'6’Siti've lead G10 strongback Layer 4/3 joint

{@ENERGY |cnee REBCO Round Table, Fermilab, 2 November 2023

Science


https://doi.org/10.1088/1361-6668/abc2a5

DEVELOPMENT C3 with CORC®
aims at 5 T dipole field at 4.2 K

PROGRAM

Test the subscale version by December
e Test the full version in 12 months

Subscale C3

REBCO Round Table, Fermilab, 2 November 2023



R s1 with STAR® wires aim at

PROGRAM

2.9 T stand-alone, 1.2 T @ 8 T background field

Little solenoid wound using
transposed STAR® cable

sO with STAR® wires

REBCO Round Table, Fermilab, 2 November 2023


https://doi.org/10.1088/1361-6668/ac9f82

DEVELOPMENT 150-mm aperture design: dipole and combined-

PROGRAM

function for muon collider. Pushing the field!

CCT dlpOle Number of layers 4 6
Number of wires per layer | 2 3 1 2 3
TF TkA-! 052 051 051 079 078 0.77
By,/B1 —1 %o 5 2.4 0.5 2.2 0.4 0.2
L mHm! 11 12 13 30 34 40

Rlnin mim 30

OD mm 229 262 294 270 319 368
Bi1(4.2 K) T 5.6 83 _10.5 7.2 106 132
Tiota1(4.2 K) kA 107 16.1  20.5 90 136 17.2
E@42K) Mim! 06 16 28 1.2 31 58
B1(20 K) T 3.8 5.6 7.1 4.8 7.2 8.9
Iiota1(20 K) kA 72 109 139 6.1 9.2 11.6

EQOK) MIm! 03 0.7 1.3 06 14 26

lowe kmm=! 04 09 14 07 14 23
liape  km m~1 23 51 80 40 80 131

An initial look

REBCO Round Table, Fermilab, 2 November 2023


https://ieeexplore.ieee.org/document/10035424

U.S. MAGNET

DEVELOPMENT

PROGRAM Explore new magnet designs for higher fields

Uni-layer design a

e Addressing bend 1
radius and efficiency oy /
issues of other ®

designs

straight section

-
-

5.
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Office of
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https://doi.org/10.1088/1361-6668/acc281

Copy & paste impressions of the European activities from the
ongoing HFM meeting

Office of
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U.S. MAGNET

DEVELOPUENT EU has led the development of REBCO maghet

technology

Successfully demonstrated
REBCO dipole magnets
using Roebel cable,
generating 4.5Tat4.2 K

Rossi+Senatore21

REBCO Round Table, Fermilab, 2 November 2023


https://doi.org/10.3390/instruments5010008

U.S. MAGNET

peveorvent  Demonstration the suitability of HTS is one of three objectives of

PROGRAM

the new High Field Magnhet Program

RD2 - HTS Conductor and HTS Magnet Technologies

State-of-the-art HTS Conductor Procurement

CO n d u CtO I R& D HTS Conductors R&D and Transfer to Industry

HTS Cable R&D

HTS Magnet Design Studies

»»
Magnet R&D HTS/LTS Hybrid R&D iagnets (4.2 K)

AlI-HTS R&D Magne's (4.2...20 K)

Multiple institutes MUC Solenoids > > »
HTS Laboratory Infrastructure -’

indico link 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

Office of

{#ENERGY | S REBCO Round Table, Fermilab, 2 November 2023


https://indico.cern.ch/event/1302031/contributions/5509123/attachments/2742463/4771326/Siemko_HFM-Status_Annual_Meeting_2023.pdf

U.S. MAGNET
DEVELOPMENT

PROGRAM Stacked-tape cable is a focus for HFM - CERN

Overview of CERN activities
REBCO Coils

+ Short Model Coil HTS Program to test novel cables in
a coil configuration: windibility, quench protection,
« Target:5T-8Tatupto10 Kin abackground
fieldor12T-15T

* Racetracks
 FullHTS
* Hybrid (HTS in Nb;Sn background field). Synergy
with RD4 and with the extensive SMC Nb,;Sn
program carried out at CERN

« Pancake solenoids indico link

{2 ENERGY | loncn REBCO Round Table, Fermilab, 2 November 2023


https://indico.cern.ch/event/1302031/contributions/5509250/attachments/2743210/4772510/HTS_Amalia.pdf

U.S. MAGNET
DEVELOPMENT

PROGRAM CERN is also studying round wires

erconducting cables

» Designed, bUIP nd operated - as from mid 2022 — a cabling
machine for making round, flexible and insulated REBCO cables
Work done in the framework of HL-LHC Cold Powering: up to 18 kA
@ 60 K and 0.7 T. About 1 km needed, in ULs of 2-4 m. No
degradation of conductor after cabling

» Studied different cable layouts (core, number of layers, @,...)

* Implementing a reel-to-reel system for cabling long unit lengths
+ We will use of these cables in coils

indico link

REBCO Round Table, Fermilab, 2 November 2023


https://indico.cern.ch/event/1302031/contributions/5509250/attachments/2743210/4772510/HTS_Amalia.pdf

U.S. MAGNET
DEVELOPMENT

PROGRAM Stacked-tape cable is a focus for HFM - CEA

1. Program roadmap: Development main phases

Demonstrator of the metal-
L) insulated REBCO high field

M magnet coils - CEA
16 T+ dipole
magnet

Phase 1 20232025 —— KES647
Racetrack MI / Start: 01/04/2023

End: 31/03/2025

g HFM Annual meeting Oct. 31th, 2023 - Demonstrator of the metal-insulated REBCO high field magnet coils- Thibault Lécrevisse 31/10/2023 4 | nd |CO I | n k



https://indico.cern.ch/event/1302031/contributions/5509904/attachments/2743149/4772481/WP2-11_Demonstrator_of_the_metal-insulated_REBCO_high_field_magnet_coils-CEA.pdf

U.S. MAGNET
DEVELOPMENT

PROGRAM Stacked-tape cable is a focus for HFM - PSI

FAUL SCHERRER INSTITUT

Subscaling

ReBCO racetracks chosen for pole coils in upcoming Hybrid common-coil (LTS/HTS) magnet at 4.2 K (design |nSU Iated SOlder‘StaCk
by D. M. Araujo and CHART team). blOCk CO” 16'T

Rods End-plate Top Pole Coil

Based on current design of Hybrid magnet, we have the following beﬂCh ma rk
requirements for ReBCO racetrack :
*  4-mm tape width

* 8tapes in soldered stack

* 7.5 mm —minimal bending radius

Bottom Central Common-coils
Pole Coil  Pole

T =
o e = #ioe8
= 195+
- B s7e a0
B jpseecs B i9se-00
£ seE+08 1 2Ee00
— sa7EeE m 2
BOBE+CB 0PE+!
B 5400 B 37500 *"

indico link

Pictures taken from pending paper of
Douglas Martins Araujo Page 22

REBCO Round Table, Fermilab, 2 November 2023



https://indico.cern.ch/event/1302031/contributions/5590012/attachments/2743308/4772959/31.10.2023_HFM%20HTS%20PSI_Dmitry%20Sotnikov.pdf

U.S. MAGNET
DEVELOPMENT

PROGRAM Stacked-tape cable is a focus for HFM - INFN

Summary INEN

® Ongoing R&D to increase TRL of HTS magnets

® Started a program for small HTS coils production and test
® INFN is building and testing HTS magnets in next two years
® Update the test stations for variable temperature mgﬁ(EMm

® Several synergies in developing HTS magnets have yet to be fully exploited

® HF and UHF HTS solenoids will be one of the leading themes in an
upcoming INFRA-TECH EU call

® Dedicated R&D for MgB, conductor for new magnets, refurbished ones
and sustainability (see IRIS by L. Rossi on Thursday

l'. ltalladomam
IFAST § E ms
Internaliona\ Finanziato
:JIOV\; Collider d II'Unione europea
Collaboration N x{GeneralionEU

Marco Statera HFM annual meeting 2023, CERN 16

W
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https://indico.cern.ch/event/1302031/contributions/5591717/attachments/2743197/4772837/20231030-HFM-HTS-Statera.pdf
https://indico.cern.ch/event/1302031/contributions/5590012/attachments/2743308/4772959/31.10.2023_HFM%20HTS%20PSI_Dmitry%20Sotnikov.pdf

U.S. MAGNET
DEVELOPMENT

PROGRAM IMCC is exploring REBCO maghnet technology

Magnet development targets

* Focus is high-field solenoids for
cooling
* More information in the backup

o 2
© =
L [+
m P
o= o X
E'-‘ Q
:: 5
o
|

Target, decay and

Solenoid 1200 19 20 SS 20

gapture channel | slides of Luca’s presentation
6D cooling channel Solenoid  90...1500 0.08...0.5 4...15 SS 4.2..20
Final cooling T 50 05 > 40 SS 472
channel
Rapid cycling NC Dipole  30x100 5 £18 4200 300
synchrotron
Rapid cycling SC Dipole ~ 30x100 15 10 SS  42..20
synchrotron
Collider ring Dipole 160..100 4.6 11..16 SS 4220
@ indico link

Office of
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https://indico.cern.ch/event/1302031/contributions/5625512/attachments/2742691/4772766/WP2.6%20HTS%20Solenoids_v1.pdf
https://indico.cern.ch/event/1302031/contributions/5590012/attachments/2743308/4772959/31.10.2023_HFM%20HTS%20PSI_Dmitry%20Sotnikov.pdf

DEVELOPMENT How can we more effectively develop the REBCO

PROGRAM

technology?

« REBCO holds the promise of highest fields and lowest cost
o If true, critical for next circular colliders

 What results in 3 years can most effectively help with a
muon collider on the U.S. soil?

REBCO Round Table, Fermilab, 2 November 2023
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