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y Outline

International

Nl o "\UON Collider

/ Collaboration

= High Energy Physics & ReBCO Technology
= HEP Landscape - Circular Colliders
= Target Cost for a next Energy Frontier Circular Accelerator
= ReBCO as an Enabling Technology for High-Energy Physics
= The Muon Collider (MC): a big pool for ReBCO magnets

= The MC (ReBCO) Solenoids & cross-sector synergies
= The 40 T Final Cooling Solenoids, its demonstrator & on-going R&D
= The Target and Capture Solenoids &the 20 T @ 20 K Model Call

= Strategic Value of the MC Solenoids’ demonstrators
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y HEP Landscape - Circular Colliders &~
<7\ High Luminosity LHC - Hadronic machine (hh) o
T HL-LHC (CERN) 13 6 TeV
203@ 2041

The High-Lumi LHC y Nbs;Sn Interaction E&eglon
The upcoming | | Quadrupole magnets

Higgs factory

~200999
_;S""'«‘ 19090,

. 2
Courtesy
Mike Lamont L\
CERN ATS Director *

Run 2 IRun 3: HL-LHC: 14 TeV
Run 1 We are here 6000 fb-1 (ATLAS+CMS)
- 3
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y HEP Landscape - Circular Colliders

Electron-Positron (ee) & Hadronic machines (hh) N;ma;aﬁ;;;

/ ollaboration

FCC%e (CERN)'90...350 GeV
2045-2060

FCC-hh (CERN) >85 TeV proton- proton (pp)
2070-2090++

High Field Magnets

CEPC (IHEP) 90...240 GeV
2034 2?7

CEPC not included in China’s e Design of a 20 T
-nextfive-yearplan (2026-2030) , - ‘ SppC dipole

SppC (IHEP) 70...120 TeV pp
2050 ??7?
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ollaboration

@ OpenStreetap (and) contrbutors, CC-BY-SA

Muon Collider 3...10 TeV > 2040

M elementary particle, p made of several elementary particles (partons)=> 14 TeV uu ~ 100 TeV pp
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y Target Cost for a next Energy Frontier (3
74 Circular Accelerator i

ollaboration

Specific cost of technical systems for
all colliders built at CERN, normalized = Advancements in accelerator technology

by the partons (quarks in hadrons) have been driven by the need for
Center of Mass (pCOM) energy

1000 = higher energy, greater precision, increased
efficiency

PS O

= areduction of the specific costs to maintain

100 sustainable the overall costs

= Extrapolating from the plot, the technical
system of a ~ 10 TeV pCOM accelerator
should have as target a

= specific cost of ~1 MCHF/GeV
0.1 1 10 100 1000 10000 . TOtal COSt “‘10 BCHF
pCOM Energy (GeV)
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Specific cost (MCHF/GeV COM)
=

1

https://lpsc-indico.in2p3.fr/event/862/

Plot reproduced from Ph. Lebrun


https://lpsc-indico.in2p3.fr/event/862/
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y Magnet System Cost for a next Energy (2
7 Frontier Circular Accelerator sz

/ Collaboration

CRYOSTAT REINFORCEMENT RING

= The target cost of 10 BCHF aligns quite well with ~ #=

L — HEAT EXCHANGER PIPE
@1087mm 2 -

the 2018 FCC CDR " // - ‘ \\ < IRON YOKE (COLD MASS 1.9}

@800mm y / L \ L8, 5 SUPERCONDUCTING COILS

SHRINKING CYLINDER

= Foral00 km ring "The major part of the

MULTILAYER INSULATION

accelerator cost corresponds to the 4700 NbsSn g s
. o . ” ‘ BEAM SCREEN (S0K)
16 T main dipole magnets, totaling 9400 MCHF"' e
! https.//cds.cern.ch/record/2651300/files/CERN-ACC-2018-0058.pdf :Z:::E:Z:EL“’L“RS
' THERMAL INTERCEPT (S0K)
= The estimated cost of ~ 0.13 MCHF/m forthe 16 T ‘
FCC main dipoles appears to be beyond the

reach of current technology

: . b s sce Material Present cost
= though it could become feasible with significant (EUR/Kg)
advancements and R&D in the future; furthermore,
14 T dipoles are now the project baseline. NbsSn 2200 750

REBCO 8300 2300
Bi-2212 17600 7000

= The cost of the NbzSn wire should decrease of at
least a factor of 3
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y Magnetic Field vs Cost @

Internationa I
\ UON Collide
Colla boration

Long (1 >>R;) Solenoid A
V -l=n-l-[(3—y) + 2R; —| « Cost
cot ol

Ho]
/

If J Is doubled, the conductor cost is more than halved !
~

Veoir = 6 + 2R; —| « Cost

Sm(H) l[ Uol 25m(0) uo]

Long sector cos-# dipole -
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BCO - an Enabling Technology for

Re

—/\ Overall & Engineering Current Density

1000
Cost ~(B/])1>

@
-
3

2\
 \h

Engineering Current Density Jg (A/mm?2)

Tevatron
RHIC O

The overall (coil) current density of the
past-half-century accelerator magnets has
increased steadily to use at best the

100 superconductor, and thus contain cost

1.0

Overall Current Density (A/mm?2)

10.0
Bore field (T)
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YBCO SuperOx
40 pum Hastelloy, 2x 10 um Cu
B 1 tape surface

Je~13] :

>20T |

MgB, ASG
HL-LHC Link
optimized for low fields

Nb-Ti
LHC dipole
and High Field MRI

- Graphics by courtesy of C. Senatore,

[ University of Geneva
l A l 'S l ' l ' l A l ' l ' l l

S oY EBlU@ D K

Bi2212 B-0OS
S0 bar OP, nGimat powders

i

O Bi2223 Sumitomo 1
B // tape surface i

B 1 tape surface

Nb_Sn B-OST
RRP 108/127
HL-LHC - 11 T dipole

@4.2K

Py N |

0 2 4 6 8 10 12 14 16 18
B (T)
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ReBCO - an Enabling Technology
ReBCO Tapes Cost Projections

for

E

International
S S
10000 H T ! H 1 10 i P) ' f f 1
4 Projections of cost to make HTS tape — . : : : :
5 : : : B C:SQZOM : E E 5
E 1000 b L —— i - ad 4 < Sapo | i |
5 i : i H v = 2015 -~ _ 2019 2020\ ' ;
- © 0g, 2 e, (3175~ e E
9) : E g 9 E 2016 E 2018 ; ,03022 E E
e 1 o N L — -i- = ; ; : Q\: |
N ' ! L S e e mmm e mmmmeee i == m e s
S | 2 a s =S N
o~ : = ' ' ' | hQ
oo i i 1 1 o ' ' ' | 1 -
% i s a LI ¢ s s s s e
S 10 e T i @ fgf’ 5 ! ! : |
o : [Price] = X:[Sales GAm/year]©2
| | | i < z s s s 5
1 ' ' ' ' 0.1 s s s s s
1 10 100~ 1000 10000 100000 00001 0001 0.1 0.1 1 10 100
Production: km 12 mm/year Sales (GAm/year)
Courtesy of A. Molodyk , FARADAY FACTORY Courtesy of A. Molodyk , FARADAY FACTORY
Presented at ASC Oct. 2022 Presented at ICSM-9, May 2024
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- Nb-Sn wires vs ReBCO tapes - Price trends JAliann
/ Collaboration
Cost (arbitrary units) per unit length & current for
100 [=-Nb3sn (PIT) //'P , NbzSn and HTS (mainly REBCO), derived from
—=Nb3Sn (RRP) \E’fﬁ_D purchases at CERN, US national laboratories and ITER
<~Nb3Sn (US-LARP) S ' conductor procured in EU

10 | =REBCO
o Bi-2212

<+ Nb3Sn (EU ITER)

Grateful thanks to fusion
@ for ReBCO cost reduction !

)

Present
cost
(EUR/ kg)

Cost (A.U./ kA m)

O NbzSn 2200 750 &/
The normalization is done for a Hilumi Y &
field of 12 T (B, // c-axis) at an uiﬂm REBCO 8300 2300 ©
operating temperature of 4.2 K ~ 30 Tons
0.1 | f NbsSn currently has a limited market, unless
1995 2000 2005 2010 2015 2020 2025 2030 fusion applications based on Nb;Sn

ISS25 , Nagasaki - 04.12.25

technology achieve large-scale success.

Year
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ISS25, Nagasaki -

ReBCO - an
Energy Efficient Cryogenics

10

1617

0.1

Ratio of Carnot efficiency (-)
normalized to LHC cryoplants @ 4.2 K

-nabling Technology for EP@

UON Collider
Collaboratlon

LH

Nb3 n

C

12..114T

This could be the best range of operating
temperature of a future HEP collider

Credits to P. De Sousa and R. Van Weelderen, CERN

=1 '“*5’5" Need efficient cryo-plant
S®m and heat removal scheme

1[R4E in the range of 10...20 K
& (see work at ESS)

The 60...80 K range
would be a dream...

| HTS
| 40...60T 20...40T afew T
0.01 : : :
1 1.9 4.2 10 77 100
Temperature (K)
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y The Muon Collider

Muon production Positive pion e
Carbon target b
Pion (n) production: i
Proton + carbon target— n*- + X 4 G'eV @ T

i Proton beam

Pion decay:
+ +
T UtV

Negative pion

TR VY Muon: an unstable leptonic elementary particle with
(Lifetime: 26 nsec.) .
a mass 207 times larger than that of the electron
| (synchrotron radiation not a major issue)

Muon decay

W—e" +ve+v,

L€ +Ve+v, "

(Lifetime: 2.2 psec.) 2 S o00ms |
At 3 TeV — lifetime is 63 ms § é 3 Mope K
At 10 TeV - lifetime is210ms —— | Time
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The Muon Collider

Nl s MaChine LayOUt /U\éijrgiﬁil?dn:rl

Collaboration

Short, intense proton Protons produce pions lonisation cooling of muon Acceleration to
bunch which decay into muons in matter collision energy Collision
which are captured

Proton Driver Target & Front End Cooling Acceleration Collider
H™ LINAC Accumulator Compressor | Pion Chicane & Muon Phase Charge Bunch 6D Final Buncher  Pre- SC LINAC RLA 1,2 RCS1,2,3 &4 3 TeV Collider
Ring Ring Target Absorber Buncher Rotator Separation ~ Merge Cooling Cooling accelerator 10 TeV Collider

Q O

P
p_

&
"
7 IP1
I 4
[}
' -
S u Muon Collider Accelerator
MEmjccior >]10TeV CoM Ring I
~10km circumference :
b
I
IP2 ’¢
4 GeV Target, wDecay pCooling  Low Energy é‘

Proton & uBunching Channel  u Acceleration : 64’
% Source  Channel ] 2= fifi==="

.
.....................................................................
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W 'he Muon Colli agnets
7 2to15T-20 K-up to 0.6 m Aperture

/" 20T-20K-1.4m Aperture | 1#*1km of solenoids ~3000 solenoids

International
UON Collider
/ Collaboration

1 solenoid

40T - 4.2 K-0.05 m Aperture
10+10 solenoids up to 2 m long

Proton Driver \ Target & Front End Cooling / Acceleration Collider
H™ LINAC Accumulator Compressor | Pion Chicane & Muon Phase Charge B nch 6D Final cher  Pre- SC LINAC RLA 1,p RCS1,2,3 &4 ollider
Ring Ri Target Absorber Buncher Rotator Separation ge Cooling Coollng accelerator 0 TeV Collider

| | I D |

\/

14/16 T - 20 K - 0.14 m Aperture

High Energy Orbit
.~

e
Low Energy Orbit

20 K10 T steady state  +/-1.8 Tup to 4 kT/s
GOX]OO mm aperture 30 x 100 mm aperture/

10 TeV collider (10 km ring)i ﬁi
1200 5 m-long arc dipoles &

-
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ReBCO needs for a Muon Collider

International
Nl o "\UON Collider

Collaboration

4-mm-equivalent HTS tape needs 4-mm-equivalent HTS tape needs
for a 10 TeV muon collider for a 10 TeV muon collider
100000 1000000
100000
__ 10000
5 . .
E Series production: 10000
I — 10...20 Mm/year E
2 = Total length
c ® 1000 required (whole
Q .
g 100 P collider complex):
3 & 300,000 km
£ 100
8 R&D and demonstration:
= 10 100...200 km/year i
1 1
0 5 10 15 20 0 5 10 15 20
Year Year
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y Outline

= High Energy Physics & ReBCO Technology

A\ ) /)
International
UON Collider

Collaboration

= HEP Landscape - Circular Colliders

= Target Cost for a next Energy Frontier Circular Accelerator

= ReBCO as an Enabling Technology for High-Energy Physics
= The Muon Collider (MC) a big pool for ReBCO magnets

= The MC (ReBCO) Solenoids & cross-sector synergies
= The 40 T Final Cooling Solenoids, its demonstrator & on-going R&D
= The Target and Capture Solenoids & the 20 T @ 20 K Model Coll

= Strategic Value of the MC Solenoids’ demonstrators
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Short, intense

Protons produce
pions which decay
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The FC solenoids in the Cooling System

lonisation cooling of
muon in matter

Acceleration to

proton bunch into muons which are collision energy Collision
captured
Proton Driver Target & Front End Cooling Acceleration Collider
H™ LINAC Accumulator Compressor § Pion Chicane & Muon Phase Charge Bunch 6D Final Buncher Pre- SC LINAC RLA 1,2 RCS1,2,3 &4 3 TeV Collider
Ring ing Target Absorber Buncher Rotator | ~ Separation ~ Merge Cooling Cooling accelerato 10 TeV Collider

v
¥ <
4
high transvers| * .
emittance

.

LH,-Absorber ]
reduced transversal but

Increased longitudinal emitta
3 D

o Magnetic field

0 0 0 m

bﬂ
B
44

energy loss

ISS25 , Nagasaki - 04.12.25

re-acceleration

The final cooling magnets
are part of the Cooling

System, specifically within
the two Final Cooling <
Channels

10000

Transverse Emittance [pm]

1000

100

International

UON Collider

O.ﬂ
e, N oo L Achieved
............ m: Target

®
Old MAP design

10

100
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18

/ Collaboration

Longitudinal Emittance [mm]
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y The FC Channels

International
L S
Cooling
Charge Bunch 6D Final Buncher Pre- = The two Final Cooling Channels! consists
Separation ~ Merge Cooling Cooling accelerator

of several cooling cells arranged in sequence

1 : : :
= the latest configuration consists of 10 cells?

= Each cell presents one 40-T-solenoid of different

lengths

30 A 2

30 - Courtesy: R. Taylor

0 10 20 30 40 50
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)/State of the Art Ultra High Field Solenoids G~
Superconducting (LTS) + Resistive (Cu) i

Nl s

https://nationalmaglab.org/user-facilities/dc-field/magnets-instruments/

~1.7m

CICC coil

Tallahassee magnet system.

Cross section of 45 T, 32 mm
NHFML user facility solenoid
Hybrid Magnet 33.5 T from
resistive insert, 11.5 T by
superconducting outsert
30 MW power comsumption

ISS25 , Nagasaki - 04.12.25
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http://english.hmfl.cas.cn/uf/ms/202202/t20220224 301451 .html

e I TN

£
)
il

Cross section of 36 T, 48 mm
NHFML user facility (NMR) solenoid
Hybrid Magnet 23 T from resistive
insert, 13 T by superconducting

Cross section of 45/37 T, 32/50 mm
CHMFL user facility solenoid
Hybrid Magnet 29/26 T from resistive
insert, 11 T by superconducting

Nbs;Sn CICC outsert Nbs;Sn CICC outsert
14 MW power comsumption 20 MW power comsumption

REBCO for HEP: Insights from Muon Collider Design Studies — B.
Bordini
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)/State of the Art Ultra High Field Solenoids &)
<7\ Superconducting (LTS) + Resistive (Cu) Mz

42 T Reached on November 2024

oy 38

Cross section of 42 T, 34 mm LNCMI solenoid
Hybrid Magnet 33.5 T from resistive insert, 8.5 T (1.8 K) by
superconducting outsert

21 MW power comsumption :
REBCO for HEP: Insights from Muon Collider Design Studies — B. Bordini
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State of the Art Ultra High Field Solenoids@)
— X\ All-Superconducting (LTS+HTS) Solenoids /v\

UON Collider
ollaboration

Cross section of 32 T (15 T LTS, e

17 T two ReBCO double pancake

coils), 32 mm user facility solenoid
https://nationalmaglab.org/user-facilities/dc-
field/magnets-instruments/

YBCO-

Nb.Sn

Artistic impression of a UHF
NMR magnet by Bruker:
2.5m 1.3 GHz-NMR (Bruker)
30.55 T -54 mm RT

https://snf.ieeecsc.org/sites/ieeecsc.org/file
s/documents/snf/abstracts/MT27%20PL1

%20Bruker%20High%20Field%20NMR.pdf

NOTE 745mn

~3.0m

~4.0m
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/X All-Superconducting (LTS+HTS) Solenoids mgm

Total field

Insert magnet
Background magnet
Cold inner bore
Operating current

Superconducting tape

Co-wound tape
Coil structure
HTS conductor length

Homogeneity

ollaboration

30T

I5T Zhou, B, Dai, Y., Zhang, Z. et al. Achievement of a high-performance 30-tesla metal-as-
157 insulated user superconducting magnet. Sci. China Technol. Sci. 67,1974-1978 (2024).

35 mm

140.1 A

YBCO

stainless steel tape
Double pancake

9290 m

8 ppm @DSV 30 mm

The 30 T superconducting magnet system LTS background field coil HTS insert coil Outer insert coil

30 T User Facility in SECUF

Synergetic Extreme Condition User Facility (SECUF), Huairou Science City, Beijing

ISS25 , Nagasaki - 04.12.25
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y The 40 T FC Solenoid Conceptual Design (&
—/\ Ultra Compact Full ReBCO Solenoid NgeNrgg;?;;;

ollaboration

. . | 1605 mm
73 cm height, 46 modular single
ancakes +6 pancakes for the heads .
P P 40 Windings of
~ the Hybrid
. 35 2 Free Bore 50 45T, 32 mm
IC_> | % 9 Main Dimensions, Windipg I'D 60 user facility
"t g 30 S mm ModulaerPdlng oD 180 solenoid at
AN ‘ / @ Tape Width 12 CHMFL
N Z 25 O Current, Conductor .
= 2 (lD'! A (single tape) 650 o
£ 20 5 | Magnetic Energy, overal e Winding of the full g g
< Z MJ/m superconducting g @ %
.o
o 15 8_ Temperature, Conductor 45 (1STLTS, 17T @ § %
f c K Innermost layer ' ReBCO) 32 T, 32 mm 8 3
¢ 10 C . g . CD
N & Curren(’E/Margln, Current, B//a-b 5100 user facility solenoid =
_| 0
5 .y
Winding of the full
| ReBCO 40 T- 50 mm
"B. Bordini et al., "Conceptual Design of a ReBCO Non/Metal-Insulated Ultra-High Field Solenoid for solenoid proposed for
the Muon Collider," in IEEE Transactions on Applied Superconductivity, 2024 the Final Cooling
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y A Preliminary Engineering Design

/) 200 MPa Radial Precompression Mz

& UOl;)lCoIIider
-|St Rad|a| / Collaboration
5 :
rr | Support Ring 2"d Radial , Precompression at Room Temperature
= Support Ring (RT) via shrink fitting

of Radial Support Rings

-8 -0.10

fo

% ‘ureals dooH

edn ‘sseJd’j,s lelpey

b A B A AL AN DA AAADAAAAAAAAAADANAA DT A

WA A AAAAAAA DA A A A )

ITTTITTSIVTT TSV TT PSS TSI T IPTTVIIT TIPS SSSSPAPIPPDPTIS Y

Radial Lorentz Forces scaled down by
a factor of 3 with respect to axial forces

THE . v
$ =8 = -205 -0.25
B 0
—-eessees . R ~ B. Bordini et al., "Development of a ReBCO Non/Metal-Insulated 40 T Solenoid for a Muon Collider," TAS 2025
Lll I L‘ ~ C.Accettura et al., "Mechanical Design of a ReBCO Non/Metal-Insulated 40 T Solenoid for the Muon Collider,” TAS 2025
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y The 40 T FC Solenoid

o o NihE —~ E
— \ Protection Studies ol M
= The Capacitor Discharge (CD) quenches the full , — Cold Y
. . ey . el I
magnet to normal state within milliseconds without s P2 Reonductor !
oL e . . I
the need of additional electrical infrastructure. ] T !
psu | * 1 :
= opening the breaker and injecting additional current P Ty Joncdbade |
to heat the magnet L ‘\,\ .

= — o o — — — — — — ——

Be n eﬂts. 'T. Mulder, M. Wozniak, A. Verweij, Quench Protection of Stacks of

Vv Controlled pred ictable quench. No-Insulation HTS Pancake Coils by Capacitor Discharge, IEEE
Trans. Appl. Supercond., Vol 34, Nr 5, 2024.

Vv Reduces the radial and axial forces.
Vv Reduces the hot-spot temperature.

42e+00 10 2{() 3IO alo 510 60 7.0e+01 42e+00 10 210 3|0 AIO 5[0 60 7.0e+01
No Protection Capacitor Discharge (CD) Protection
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y The 40 T FC Solenoid e

International

Conductor & Winding Technology ey [
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The 40 T FC Solenoid “

<7\ Subscale Pancakes Rl oo

5 5 # :
High Field Magnets / Collaboration

Nagasaki, Japan, Dec. 2025.
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40 T Subscale coils Characterization ﬂ%:
7\ Tomography & Micrographs urm [

Nagasaki, Japan, Dec. 2025.

R =

X e

/ Collaboration

Assessing porosity, interface quality, and
geometric consistency.

Non-planar coordinate system
-0.5502 mm = 0.0500 mm
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y 40 T Subscale Coils Characterization | )
o o UL '
77 K Electric & Magnetic Measurements HEM [t
. ST Vi - " < "
= — Q
14 .
S12f s V-l measurements of
: 1l 3 different pancakes
S &
§ 0.8 o § B-l Curves - Current Step Measurements
306 % 4007 cEE ] *
s : I
Center Hall F 0.4 0} 3501 gmmmgqﬂ g 1 o)
Probe 0 o) 03 (] 300 géq . _.8
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® tape manufactures’ /. or r 8 different pancakes

] measurements
. |
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)/4OT

Nl s
Free Bore 50
Winding ID 60
Main Dimensions, Winding OD 180
mm 1st Radial Disk OD ~ 300
2nd Radial Disk OD ~ 540
Solenoid Height ~ 220
Precompression, Radial on the
~200
MPa outermost layer
Field,
Peak 40
T
Current Density,
A/mmA2 Overall 650
Cur;‘ent, Conductor ~ 650
Magnetic Energy, Overall 18
M)
Temperature, Conductor
4.5
K Innermost layer
curen M8 Gurrent, B/ab | >100
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Demonstrator
Design parameters

1st Radial

Support Ring  sypport Ring

| x Tape=670 A - Tapes x PK=750Surface: Magnetic flux density
m ’ g ;

0.12
0.1
0.08
0.06!
0.04
0.02
0.
-0.02
-0.04
-0.06
-0.08
-0.1
-0.12

2nd Radial

'.wuuitu!wll‘

0.2 -0.1

High Field Magnets

International
UON Collider
Collaboration
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# tapes 1
Tape width, mm 12
Conductor i
piece length, m | 250-300
Insulation No
# 16
Eletrical .
i Series
Connection
Pancakes :
Impregnation Solder
Hot-
Technolgy Winding
— T A/mm?
L 40 699
L 35
1] 30
El 25
L 20
= 15
= 10
— 5
r=0 . A ! /699
0.1 0.2 m
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which decay into muons
which are captured
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Protons produce pions T 20T
B ﬂlnternational
UON Collider
/ Collaboration

Proton Driver Target & Front End
H~ LINAC Accumulator Com ressor Pion Chicane & Muon Phase
Ring Target Absorber Buncher Rotator | | [ e —

N

v

Double pancake wound with ReBCO

Cable in Conduit Conductor (CiCC) = Conductor Made of ReBCO HTS

(23 SC coils, ~1.4 m bore O)

= Operating Temperature 20 K; Bore
peak field 20 T; energy >1GJ

= Radiation heat load on coils = 4 kW;
Radiation dose = 80 MGy

This magnet shares many similarities with next generation fusion magnets currently under development
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y Target and Capture Demonstrator )
7\ 20T @ 20 K Model Coll iz

ollaboration

= The performance required of the Target Decay and Capture Solenoid goes well beyond the
current state of the art

= Thisis why we are proposing to build and test a 20 T @ 20 K model coil—a critical step to raise
the technology readiness level and provide sufficient confidence that the full system can indeed
be built and operated.

= Beyond its direct application to the Muon Collider, this development is also aligned with the
needs of other scientific domains, such as high-field physics, as well as societal applications,
including fusion energy.

= Several major European players in HEP and fusion are associating in this effort (and others have
expressed interest in joining),

= contributing to the definition of performance requirements and coil geometry, as well as to the
development of a design that includes |n|t|al engineering & analysis of the 20 T @ 20 K model coil.

®) FUSION
= EUROfusion EﬂERGY INFN
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y 20K-20T Feasibility study
~d

Baseline Conductor Design

N,

Initial Design Principles:
- Target field: 20T @ 20 K

» Operating current: 30-60 kA to minimize inductance
and dump voltage

« Superconductor. REBCO tapes (industrial-grade)

- Operating margin: ~10 K, adjustable to optimize tape
cost

Mechanical support: Stainless-steel jacket for EM load
containment

- Copper current density: < 200 A/mm?2 to limit Joule
heating and enable standard quench detection/dump
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International
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| Conductor
. design, quench
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y 20K-20T Feasibility study

Electromagnetic design and optimization

UON Collider
ollaboration

L] (] L] o L] o .o
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Solenoids overview
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y 20K-20T In worldwide perspective

International
UON Collider
/ Collaboration

10000 ‘
HF solenoids .
outperforms existing SC
1000 [} 20@20 magnets by over 50 % in field
3 Q- Model coil (at comparable bore dimension)
E and by one order of magnitude
< 100 in bore dimension (at
(7 comparable field)
b}
@ UHF solenoids for
10 material and life No other project worldwide
science matches the proposed
geometry and performance
targets
1
1 10 100
Bore field (T)
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y Strategic Value of the demonstrators
7\ 20 K, 20 T, 1 m-bore /;,\m,giﬁiﬁé:r.

ollaboration

22

20 = 20@20 is a demonstrator of mature HTS magnet

. 18 technology for the target solenoid of the Muon Collider
05 ij = HTS conductor development
o 12 = Construction of large bore magnets
. ;0 = Management of forces and stress at material limits
N P = Protection strategy for magnets with large stored magnetic energy
e : = Engage and prepare EU industry for a possible construction
s I (e.g. THEVA, BNG, ASG)

= 20@20 will be a world-wide unique test facility

= Shared technology development with fusion (same objective,
same technology)

= Declared interest and on-going collaboration with partners from the
public sector (F4E, EUROFusion) as well as private sector (Eni, GFG)

= Potential application for high field science
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y Strategic Value of the demonstrators
Split 7T, 20 K in 350 mm bore NEN /""ﬁ

UON Collider
Ilaboration

= The 7T split solenoid demonstration magnet is the
steppingstone towards the 6D magnets of the Muon Collider
= Dry-cooled, partial-insulation, novel HTS magnet technology
operating at 20 K

= Protection of HTS magnets with high stored energy and high current
density

= Complex system integration, management of large forces and
thermal gradients

Magnetic Field on Coil

035 ’/ 1)
L

EEE
t~—~/

% “ = Technology relevant to next generation MRl machines

S
w

V7

]

]

8]
l
&
‘\
k

= Helium-free, lower consumption, simpler engineering, easier
Maintenance

r-coordinate (m)
Magnetic Field (T)

= Suitable to improve healthcare in remote world regions

< = Opportunity for increasing market penetration, seeking interest from
055 05 065 07 075 08 08 the big three (Siemens, GE, Philips)

z-coordinate (m)
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o
N
[&)]
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y Strategic Value of the demonstrators
7\ 40T, 4.5 K, 60 mm bore

International
UON Collider
High Field Magnets Collaboration

I The UHF 40 T demonstration magnet is a crucial milestone
@ - towards achieving the luminosity of the Muon Collider

= Field level is at the frontier of magnet science

= Ultra-compact, partial-insulation novel HTS magnet technology

= Management of forces and stress at material limits

= Requires characterization of material properties at unprecedented
levels of field and detail

= Development of novel design and analysis tools

= Shared technology development with high magnetic field
science/NMR

= Structural biology and proteomics

= Drug discovery

= Solid-state physics for scientific and societal applications

= Collaboration with high magnetic field laboratories (EMFL and NHMFL)
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International
UON Collider
Collaboration

= A Muon Collider is one of the very interesting options for HEP at the energy frontier

y Conclusions
N/

= Precision measurements and energy frontier, small footprint, cost-effectiveness, sustainability

= ReBCO technology could be pivotal in realizing an affordable and efficient MC

= Aim for high operating current density (up to 1000 A/mm?2) and operation at high cryogenic
temperature (up to 20 K)

= Thisis likely true also for other HEP colliders at the energy frontier

= Muon Collider magnets are designed to use currently available commercial ReBCO tapes

= There are many challenges and crucial developments ahead however Magnet technology
R&D for a Muon Collider:

= Has close and tight relation to the advances needed for other science and societal applications
(e.g. fusion, material and life sciences, NMR, energy)

=  Will provide a sure return of investment not only for particle accelerators but also to several

other societal applications
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