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U.S. MAGNET

PROGRANTENT Outline

AThe US Magnet Development Program i status of updated roadmap following P5
AThe MDP Nb,Sn magnet program

Arhe MDP HTS program

— A
A Bi2212 magnet developments r:}‘ ""
A REBCO magnet developments BERKELEY LAB

ATest facility needs

L? Brookhaven

National Laboratory

Alnfrastructure investments underway
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oveosuer - Our program has been reviewed and revised to align with P5

PROGRAM d t
- Cable & Coll Development
_ L Bi2212 REBCO .
Centralt f(}CUSH Iggvelop and test high field Area |- NbsSn SM Large Bore serts serts Area Il & testing
magnets for Hybrid High &
_ _ | accelerator solenoids for _
Improve integration for hybrid magnets magnets Hybrid magnet integration HEP Magnet designs
Investigate HElPotivated solenoid designs
Magnet Performance .
S ith critical ial Advan(_:ed diagnostics & analysis & Materials &
upport magnets with critical materials, N Modeling | Conductors
expertise & dev. of new enabling CPRD imp'rzo"’:lcélr'%ms protection enhancement
technologies l. Pong R. Teyber
Strengthen linkage between technologi Area Il
rc?ng entln age between technologies Supporting technologies
and magnets

Interfacing with Collider

Higher T/ All-HTS IR & Combined function .
Studies

Forward lookingc what is enabled by our Sustainability magnets
advances, and what is achievable for colliders

Area IV :
Exploratory studies

Align with, and support, collider design efforts

Further build collaborations, leverage synergies with fusion and with the NHMELE

;3:‘\* %:. U.S5. DEPARTMENT OF Oﬁlce Of
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U.S. MAGNET
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Bottura, PrestemonRossi, &lobin Front. Phys., 12 October 2022

s " MDP Perspective: h

212 [1]: Highest priority issuedegradationmechanisms; design mitigation

"o [I1]: Second priority: Initial guench current antemory after thermal cycle
b U7 [ [N Third priority:Training rate /

Quench number
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U.S. MAGNET

oo Acpriority now Is to build the NRSn outserts

ACanted Cosine theta: SMCT cCT

. N N
0 4 layers y 30+ % current margin at target

A Bore field of ~12 T/ 13 T for $ V. J land 13 T, 1.

standalone operation
A Bore diameter: 120 mm
fStressmanaged Cosine Theta:
0 2 layers A
A Bore field of ~12 T 0 O
A Bore diameter: 120mm

These are two variants on stregsanagement
ACCT is a fAlimiting [ca
A SMCT is a more efficient design

T OF Office of
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U.S. MAGNET

oo Assembly steps for the SMCT mirror test

L5y Iron yoke assembly

i £

M £

n yoke Ends loading and electrical connections

e

Lamping Clamped Iro

Coil block on the mirror :
contact tooling

F 'T'TQ’% U.S. DEPARTMENT OF Offi f
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U.S. MAGNET

oo Stress managed cogheta development IS progressing

First mirror test performead

' <= 2L configuration

i

| ; . \ o
41 configuration =>. sucrvis

SMCT 2L outer coil
15T 2L inner coil

Zlobinet al., A

\| - 3
P |
. « "
. )stamless steel shell
2 iron filler

aluminum clamp

. _iron lamination
iron mirror

stainless steel rod
stainless steel end plate

T T T T

Inner coil for 15T dipole ID=60 mm

Office of
Science

US MD ProgramRoad Map. Test Infrastructure®restemon SMTF 2025 3/31/2025
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U.S. MAGNET SMCT mirror test demonstrated concept

DEVELOPMENT
PROGRAM

Next: SMCTDZ2fabrication of coils and impregnation withTelene

ATrained to >90% L. in 2-Jayer SMCT mode Plan:
Araining limited by inner (CT) coils in4ayer mode 0 New SMCT coilsmpreg with Telene
ANo degradation apparent from test, but poor memory © Test envisioned mid 2026
15 15
_?:.: 14 14
‘3' 13 o
G S 12
C O
g 12
o 11 .
A SMCTM1b SMCT coll
SMCTM1a @ SMCTM1b inner (MDP) coil
11 10
v 2 ¥ B 8 B 88 5 0 1 2 3 4 S5 6 7 8 9 10 11 12
Quench number Quench number
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U.S. MAGNET Subscale magnets are used to evaluate iImpregnation

DEVELOPMENT
PROGRAM

materials o0 the return of Paraffin Wax!

Diego Arbelaez Dalyet al2022,SUST 3655014

~ - - D.Arbela II:ISV ep. 2022, 400
’?}ﬁeléi-\?vai( ((:Sl?bl7)e CCTos bul 16 theni t h ﬁé)e?ae%zzgtil IFSL')}A:":"T 37506501% %O@ 3

| _ | | E.Barziet al 2024 SUST. 37 045008
ASubscale withTeleneis being fabricated

10000 | | | | |
,:':""u" Very promisingg Is It a lasting breakthrough?
_’ .
98009,
C ° o .
s O Cle ......'=.. l: O ........li=.. °0f®
S 1 ....;. .' .... ..': ....
= B%0mgooon %% © L0 .
S 7000 [ Bgf  egmge o ]
L = He o
= om
© o
6000 ©H )
@
@ Sub2l1 @ Sub3L1 © Sub4l1 ® Sub5L2 © Subb L e Sub7 L1
5000 o ® Sub2l2 8 Sub3l2 O Sub4l2 o Sub6 Leads ¢ Sub7 Leads ,
0 5 10 15 20 25 30 35 40 45 50

Quench Number
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U.S. MAGNET
DEVELOPMENT

PROGRAM

Need to demonstrate technology at relevant stress levels

=1

s

CCTHhw colls=——=. F = T

completed ! =l

Plain Wax SUB

Filled Wax SUB / /
Under fabrication at LBNL;test a Ct I 3a KA L dmnc¢ f | N\HJ-‘;’(
planned at FNAL in late April construction beginning; highly relevantto |

muon collider storage ring and FGRQ

Stress on Turn from Lorentz Force

-

~

2D FE - Magn
Magnet Current Field srr em stt_em
kA T MPa MPa
Subscale 9.5 5.3 15 10
CCT5 17.8 10.0 71 3
CCTé 10.67 12 85 5
k CCT6 14.22 16 152 9 /
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oot Recent progress on Bi2212 focused on conductor development

PROGRAM

effects of cabling, and insulation

TengmingsShen Dedicated project:
GOYVKIFYOAYd 52YSa0A0 t NP RU:
Superconducting Br,CaCuOKk ! 3 gANBa T2NJ |

A Scaled up 10-kg billets have lower performance than 2-kg billets. N m— | ATIONAL
A Lack of understanding why and how. ,ﬁ}‘ 'ﬁ‘ .AG AB
-Mat

A Series produced 2-kg billets yield regressed performance.

BERKELEY LAB

1600' NANO ENGINEERED MATERIALS
. BIN5c1 wire

_ 1400 + PMM170725
N L
E 1200 - Comparison of three powders:
E ' Jevs. Tax LXB-52 has uniform Bi-2212 grains with 2 - 3 um
— 1000 - 1600
IﬁI.IJ | 30% | 1400 - 3. G-2-36A
o 800 - reduction E -
et _ £ 1200 1 9
n — . “‘ i O
= 600 - _ < 1000 -
Y ) % BIN5c1, CCT dipole, 2021 2 a0 8
N 400 - ®m BIN5aOL, CCT single coil, 2019 n ] % ¢
< ! ® RC7n8, common coil dipole, 2018 X 600 - o - o

200 - O RC6, single racetrack CO”, 2017 i 400 - o PMM240205-1A (0.8 mm) Grain size: 2-3 um Grain size:2-5um Grain size:5-8 um

0 ' B S(-: COli|S,-bef(l)I'e -201l5 — - 200 : O PMM240205-1B (0.7 mm) ChamplOn NOW
0 2 4 6 8 10 12 14 O +——————— 777
883 885 887 889 891 893 895 897 |
B (T) T (°C) [ 4 % < — AN N N\
oS5l ul o0e WAl yYyeA
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U.S. MAGNET
DEVELOPMENT
PROGRAM

[ o
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(Minor edge) thickness parameter
8
]

Nb-Ti
Nb,Sn
® Bi-2212 - LBNL subscale magnet and CCT

JBI-CCT2
B Tevatron 9-Strand CCT BIN5® 17_st:an 4
QXF RC&CCT

: [
RHIE SE‘.>C-|nner TQ® o
]
SSC-outer ™ LHC-inner HQ
[ " LHC-outer
HERA

0.

T I T
06 -004 -0.02 000 002
Width Parameter

900
)

<

= 800 D

x D

—

3 °© e

&

~ 700

S

600

0 0.05 0.1 0.15 0.2

Roll strain
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Area

Aspect Ratio

Rut her f ord

Strand is PMM220802.

~150 m 6-strand cable
(strand d = 0.7 mm)
fabricated @LBNL

3/31/2025
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Insert solenoid
for 31T @ NHMFL

High-field
barrel test

2

WAL




U.S. MAGNET
DEVELOPMENT

PROGRAM Insulation of Bi2212 cables being tackled on multiple fronts

ADedicated pure alumina braid insulation system (ASC) e T
AL Q, slurry process — ——— o

Y . & &
/ //////////////f'

f

I/

» CCT ARDAP colil BIN5SE:
» Inner and outer layer coils wound. No electrical shorts.
A NEW: Use AlLO;slurryt o nrepair, rei n
alumina fibers. (courtesy of Dr. Jun Lu, NHMFL)

(a) Kapton/epoxy-glass bag (b}
e Aluminum

Pure alumina braid insulation
on LBNL cables

By Youngjae Kim, NHMFL et al.

.y =
Aluminum bronze

o Office of
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U.S. MAGNET

DEVELOPMENT
PROGRAM

C3 Is a 6layer CCT magnet using CORC conductor

XiaorongWang

Aluminum shell

Layer 6

o Office of

457%%. U.S. DEPARTMENT OF
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N I Science
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Al14m of

SI X pl eces,

| e n§ bm

CORCE

ASpecified

t apcd or

Optical-fiber spool

Image courtesy of Andy Lin
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U.S. MAGNET

roaan C3achi évied=> ma) or2 @2MEDIP a fo atd

AFirst test successfully completed decision to limit to 10 micro-volt/layer :
ASecond test campaign in coming months
o Will include magnetic measurements

o Push to higher field (higher voltage)

Strain measured via
distributed optical
fiber ¢ fibers in each
layer, all worked well
throughout test
(LingingLuo, LBNL)
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