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U.S. MAGNET

PROGRAM ' The US MDP Is a technology development program

fGoals:

. Explore and define the performance limits of superconducting accelerator magnets

. Develop, understand and demonstrate high field HTS magnet technology

. Investigate and understand the fundamental science of magnet design and performance
. Pursue conductor R&D to achieve properties that align with accelerator magnet goals

. Support the development of advanced workforce for superconducting magnet technology

A-urthermore, MDP has the goals of:
. Integrating the teams across the partner laboratories for maximum value and effectiveness to th

. Identifying and nurturing HEP and cresstting / synergistic activities and opportunities with other
programs to more rapidly advance progress towards our common goals.
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oveosuer - Our program has been reviewed and revised to align with P5

PROGRAM

recommendations

- Cable & Coil Development
| Nb,Sn SM Large Bore Bi2212 REBCO | & testing P
Advance and Area | inserts inserts Area Il
demonstrate high Hybrid High &
& magnets accelerator solenoids for _
magnets Hybrid magnet integratio HEP Magnet designs

Advanced . Magngt Perform_ance Materials &
. diagnostics & analysis &
Modeling . Conductors
Supporting scienti Facility protection enhancement
foundational CPRD improvements
research
Area lll ;
Supporting technologies
. . . Interfacing with Collider
Exploratory studies Higher T /AII.-.HTS IR & Combined function Studies
to support P5 Sustainability magnets
Initiatives
Area |V ;

Exploratory studies

Further build collaborations, leverage synergies with fusion and with the NHMELE
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C) oEiELCrENT REBCO is actively pursued at all MDP laboratories

@NL: \ @AL: \ @L: \ ASC/NHMFL.: \

- Exploring CORC and - Exploring CORC and - Testing REBCO Iin 10T | |- Evaluating conductors anc
STAR wiresi STAR wires common coll CORC and STAR wires
developing technology | | - Focus primarily (not - Measure magnetization, |- Solenoid fabrication and

- Focus primarily (not solely) on COMB design AC losses testing in background field
solely) on CCT - Significant synergy with

fusion collaborations

~ LH Coil

RH Coil

Hall sensor
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U.S. MAGNET

o REBCO makes steady progress MDP focuses on CORT& STAR

TeSt Cables IHerId at BNL Ma-lor 2025 dellverablel ﬁ C 3 C\) ? befolrewinlding+l » befolrewir;ding .
In the commoncoll test A Target>5T | eorwinding 7| after vinding :
facility A 6-layer CCT using CORC® wires §* S
3-turn practice ¢ Layer1 s Layer 2.
windings were I e aa T .
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U.S. MAGNET

PROGRAM ' C3 Is a 6layer CCT magnet using CORC conductor

Xiaorgng\Nang A 145 m of CORC® wires in six
pieces, maximum piece length 35
A Specified the minimum tage for

HM tapes
Aluminum shell
Layer 6 | |

. Optical-fiber spool

4

3

2

g

Image courtesy of Andy Lin
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us.mener — C3 was designed to achieve T

DEVELOPMENT
PROGRAM

AFirst 4.2K test took place last week \arch 4% 2

=> major goal of the 2020 MDP roadmap

New result’

0 Achieved 5.2T in 65mm borewith <25 microvolt/layer =

o Future tests will explore magnetization, losses, and higher fiefF— g

0 Fiber optics In each layérall survived test

Raw data on transfer function from
various ramp scenarios
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Strain measured via distributed optical
fiberi test at 77K shown here
- Linging Luo et al 2025 SUST 38 03502

Red: tension or higher temperature +1 pyeyg
Blue: compression or lower temperature
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U.S. MAGNET

e We study STAR wires to keep conductor options open

PROGRAM

Xiaorong Wang et al 2022 Supercond. Sci. Technol. 35 125011

ANext step is S1 magnet, a longer versiosQf A Develop 6aroundl cable toward a magnet conductor
o 2 layers, 40 turns,-@ire ribbon cable, I 2 T dipole o Transposed configuration
fileld at 4.2 K
o Will fit inside CCT5 as an insert test A Supported by an SBIR Phase Il project witiPeers

0 Leveraging LBL cabling infrastructure and expertise

o Project will provide 10 m long cable to make-tuBh magnet
within the next 18 months. If successful, an order can follow

0 90 m STAR wires ordered and delivered ByvMPeers

ADriving questions for S1

o Can we make longer STARvires with uniform
geometry and_.?

o Can we impregnate the bare STARIres?

A Impregnation with filled wax cause negligible
degradation.

o How does the magnet perform? What further magnet and
conductor development iIs needed?

N. Cast aneda -adundi Cable I ZBsiOg2HgHl enipdatube
Superconducting STARVi r es f or Ma g nSeST378Bp0d85009c at i

Office of US efforts towards HTS accelerator magnétsestemon CCA 2025 3/13/2025
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https://iopscience.iop.org/article/10.1088/1361-6668/ac9f82
https://doi.org/10.1088/1361-6668/ad20fb

us.macker — COMB concept incorporates stress management with cdleta

PROGRAM

current distribution

ACOMB-STAR-1 magnet (20224) Achieved 1.5 T bore field @ 3.3 kAlite vadimKashikhin
0 Degradation in one coll explored vi mie@l scan

First intentional ramp to quench
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C) eVl openT Disassembly/autopsy/micro-CT scan performed on the haitoll

The technique
shows promise, but
resolution cannot
distinguish fine
detalls in the wire

No evidence of wire §

damage apparent

T OF Office of

/ T“ 2 U.S. DEPARTMEN
§ ENERGY Science

US efforts towards HTS accelerator magnétsestemon CCA 2025

Layers in the magnet -Outer side view

3/13/2025

11



U.S, MAGNET Designs for the next STAR and CORC COMB magnets are

DEVELOPMENT
PROGRAM

progressing

/STARE allows for smaller bend radius => 60mm bore, 6 layers, may consider grading
ACORCE allows higher current but limited bending => ~97mm bore, 2 layers

COMB-STAR-2 COMB-CORC-1
o Surface': Megnstic fIfo density norm (T) Surfece: (1) Surface: Magnetic flux density norm (T) Surface: (1)
A STAR wire: 12 layers of AMPEER .. B | |
tape, 1 tape/layer; wire OD 2.6mm s B :
A CORC: 24 Superpower HM tapes, 2- p s |
tapes/layer; wire OD 3.8mm o S / o,
| ‘ O\ | ik 35}
A 4.8T bore field with 120mm OD REEDS 2SN |
| Q P 25¢ \
15} ‘ | O @ 0 ol D
| SN@NC) C | (4
0 0|0 Ollefe i .
or ) QUAL_int=JO.5204 lc = 3789 A Bcen =4.842T Bpleak= 5.448TWpo|e = 35.26 mm o . QUAL_int = 1.158 Ic = 1.208E4 A Bcen = 4.761 T Bpeak = 6.238 T Wpole = 49.44 mm

0 10 20 30 40 50 60 mm 0 10 20 30 40 50 60 mm
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U, MAGNET Materials research and procurements in support of magnet

DEVELOPMENT

PROGRAM

developments

AConductor Procurement and R&D (CPRD) is AUniversity and lab materials research:

a dedicated element of MDP o Expertise in materials characterization
0 Primary goals of a) supporting magnet A Supports industry through innumerable
R&D needs, and b) investing in specific collaborations

iIndustry efforts that have particular

votential for MDP A Supports magnet R&D by quantifying

material properties, performance risks, etc.

Top surface SEM imaging using CNRY t2a80SNJ o0& bod aSyzy Si It dal OKA
Thermo Flsher Hellos G4 UC at FSU Image Segmentation to Survey Larger Regions and Parameter $paces
i--mCuO partlcles 5 Detectron2~¢\ Detectron2
B o Void { 4%
O PyTorCh > ECUO particles{ T et
n;g/ Q :\5‘5 /d. ‘ {Nf(l \:r’: ; . . . X
D ANYE ¢ ¢ vltralytics
oty e® Detectron2 ' uiLr y 2 ted grains| 1412 | . e
VR 0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
CUDA. | | | .Area iumz) | | | |
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U.S. MAGNET

rocran | DlAgNostics are envisioned to be central to HTS magnet protectic

Maxim Marchevsk
AWe are pursuing multiple avenuiefiberoptics, Hall sensors, cryaectronics, etc. ( . Coaxial cable
ACore idea: \ by
0 A new protection paradigm for HTS magnets has emerged, aiming at and ( - \E:zl / Mo |n(2)
: s Tl E0&r \a
uenching altogether -
’ . ° ° L. . . . . ’ U (impedance) ’ t (length) M. Marchevsky et
o We will detect the dissipative regime using advancedvuodiage diagnostics o al., Trans. Appl.
and estimate proximity to the runaway /A Supercond., 2023,
T e e === 33, 9000206.
\_ /

PO Cladding (microtube) J) Heat 20y 53
. 20_; - TemHeraKire o)
Stainless-steel core 3.3 m N9 N10 10: | | €
T EEEEEEE = 0.2 [ Time \ifKend)| : _ _ _
g 100 - ‘No Heat & ““1 A I Time  shift s
5 0 D — > 11 ¢ =013 /\ [\ 1 detectable at T =
= I I (()) 1 | | : 3 ]
S -100 it CHeat £ 003wl N Nend Ay | 1K and heater
-200 * ' } ' } ' ; ; ; ; ; — e T B e e B o L B o e o i
EEEI PR BHNEN Lo Vo s 11 50 100 150 200 250 300 350 power of 0.01 W.

M. Marchevsky and S. Prestemon, 2023, Supercond. Sci. Technol. 36(4), 045005 Time (M) SBIR Ph1 with Etegent Technologies
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U.S. MAGNET
DEVELOPMENT
PROGRAM

M. Marchevsky

Distributed
temperature

calorlmetry SG‘ﬂSCiI’S

HTS cable
components

or HTS colls

Power
Supply
and
Energy
Extraction
System

1. Using the PC, measure ( ,
2. Calculate runaway “( ),

Office of

% ' ))ENERGY Science

A vision for protection:

. a functional block diagram for protecting
a two-component HTS conductor or a tweoll system (L1, L2)

Integrate advances in sensors, egyectronics, modeling, conductor characterization, and controls

Cryogenic bath

/

?vz

L1 | 2

usund Answnored

°_+rfl
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Pre-flighto

Sensor
signal
processor

Analog to
digital
converter
Digital to

analog
converter

br77778  conductance
zzd ()| 7

‘i Digital feedback to MOSFETSs

Known
)iy v)
and ( , , )
distribution
along the
conductor

Measured
| thermal

110 )y 2, 20)

runaway

current and
temperature
EEERES

l along the | Programming

: conductor a

Digitized ( ), 1/ 5

Digital feedback to shut down the PS

) with calorimetric sensors 3.
“( ), program into the FPGA 4

An-flighto
Monitor 1( , ), »(, ), 1/ », compare them to

uench trigger

)

S0,

()

Generate feedback to MOSFET boards, send a quench trigger

US efforts towards HTS accelerator magnétsestemon CCA 2025 3/13/2025
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U.S. MAGNET

PROGRAM " REBCO developments supported by modeling advances

Giorgio Vallone

Groove: an automated modeling framework for Berkeley Lab Finite Element Framework for High

dOconductor | N gr oove 0 de s gns Temperature Superconductors
A Python code base generating geometry and

magnetic/mechanical models ready BELFEM:
A For the moment, focused on CORC/STAR A Goal: predict quench propagation along
magnets (REBCO area) y threedimensional thin shells

A Strong collaboration with Polytechnique

Montréal
A Use state of the art numerical models and

solver libraries (Fphi & STRUMPACK)

A Nice validation provided by the extremely clean
distributed fiber optic measurements on the 3 turnsss
prototype C3a /

A Developed model is qualitatively matching the =
measurements

Red: tension or higher temperature
Blue: compression or lower temperature
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https://belfem.lbl.gov
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