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HighEnergy Circular 
Colliders for next 
decades

SPPC FCC

Proposed institution IHEP-CAS, China CERN, Europe

Proposed time 2012 2013

Site of the project China Europe

Baseline technology IBSbaseline20~24 Tto reach 
125-150TeV̆
Nb3Sn+HTSas options

Nb3Sn14 Tto reach 90 TeV
Or
Nb3Sn+HTSto reach 20 T

Timeline Construction at 2040s Construction at 2050-60s

Cost / /
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Design Scope for Next-generation Accelerators



Roadmap of the High Field Magnet R&D at IHEP  
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Challenges: Stress control, 
quench protection, field 
ǉǳŀƭƛǘȅ ŎƻƴǘǊƻƭΣΧΧ

2018-2021, 12.47T @4.2K
NbTi+ Nb3Sn

2021-2025 16T @ 4.2K
Nb3Sn + HTS



16 T Model Dipole LPF3: Nb3Sn 13 T (Common Coil with 55 mm gap) + HTS 3 T inserts (Block & CCT)

Development of the 16-T Model Dipole LPF3
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The Nb3Sn coils for LPF3 ChengtaoWang et al

Development of the 16-T Model Dipole LPF3
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The ReBCOblock insert coils for LPF3

Parameters Values

L0 409.6 mm

L1 540.2 mm

Rhard 800 mm

Aend 6 °

R1 9.5 mm

Z1 120mm

Ze Fenget al

Development of the 16-T Model Dipole LPF3

Coils wound with Insulated stacked ReBCOtapes
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The ReBCOCCT instert coils for LPF3

ԐᶚCCT ᶅ ‗ Ỵ ɒᾴ ɓᶚCCT ᶅ ‗ Ỵ

Rui Kang et al

Development of the 16-T Model Dipole LPF3



82023.8.29Assembly completed
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Stress monitoring during 

assembly with FBG

Pre-stress applied with commercial hydraulic jack

Pre-stress and assembly of LPF3 YingzheWang et al

Development of the 16-T Model Dipole LPF3
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Current decay curve at the 

operating current

ü Varistor plus CLIQto protect the Nb3Sn

coils. Themaximumhot spot is ~ 230K

ü NI configuration plus dump resistor to

protect the 2 HTSinsert coils

Quench protection of LPF3

Development of the 16-T Model Dipole LPF3

JinruiShi et al



Performance test ongoing from Sep 2023

ü TheNb3Sncoilswere trained firstly, maximumcurrent reached~85%of Iop in Dec2023, but showedan unstable

plateauat 11Tdue to oneof the outmost Nb3Sncoil, probablydue to insufficient pre-stressduringassembly, and

enhancedfield on most inner Nb3Sncoilsdue to the HTSscreencurrent!

ü HTSblockcoil wasrampedindependentlyto 100%of Iop with negligibleterminal voltageat 9 Tbackgroundfield
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Wei Li et al

Development of the 16-T Model Dipole LPF3

55 mm



Reassembly of the magnet with enhanced pre-stress Xin Chen  et al

Development of the 16-T Model Dipole LPF3
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The 2nd Performance test in Feb 2024

Development of the 16-T Model Dipole LPF3

ü TheNb3Sncoilsshowedvery unstableperformancein the 6300-7000A regiondue to one of the inner most coils,

but finally passedthis regionandreached~87%of Iop in the beginningof March2024

ü HTSblock coil was ramped independently to 120% of Iop to test its ultimate performance,but one of the leads

wasdamageddue to the quench.
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Development of the 16-T Model Dipole LPF3

Fabrication of the 2 new Nb3Sn coils with OST wires

AP: 75 mm

75 

mm
2180 A

Preliminary test results of the new HTS coils at 77K 
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Fabrication of the new Nb3Sn & HTS Coils     Jun. to Oct. 2024 

Target fieldσ10 T (LTS) + 6 T (HTS)
13



Development of the 16-T Model Dipole LPF3

LTS ᶄ + HTS ᶄ‡ᶸ ᶄ Ҭ ᵁבּ ᶄ ᵆἄ LPF3-U ӋReassembly of the LPF3 magnet
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Development of the 16-T Model Dipole LPF3

LPF3-U ӌ Ḣἄ

2024.11.22

Å Nb3Sn coils reached6905Aȁ

9.6 T after3 quenches,97 % of

thedesignvalue.

Å Strongcoupling betweenHTS

and LTS causeddifficulties to

thetrainingprocessof LTS

Å Most of quenchesoccured in

themostinnerNb3Sncoils.

Å LTS still have great potential

for performanceimprovement.

More R&D neededon training

testséé

Main challenges: The LTS coils arestronglycoupledwith the HTS

coils in magnetic field and stressduring LTS training. the HTS

inducedcurrentenhancethe field strengthandstressof the adjacent

LTS coils, andthefrequenttrainingquenchof LTS causeirreversible

degradationof theHTS coils.

Test of the LPF3-U magnet Nov. 2024 to Jan. 2025

Common-coil dipole with 78-mm gap
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Development of the 16-T Model Dipole LPF3

LTS̔9 T Å The HTS coils subjected to

several excitation tests in both

self-field and 9 T background

field, with a maximulatem

excitationcurrentof 2.5 kA (115

% of the designcurrent) in 9 T

backgroundfield.

Å HTS coils provide a magnetic

field significantly below the

designvalue: long delay, current

short circuit inside the coil, and

irreversibledegradation.

Test of the LPF3-U magnet Nov. 2024 to Jan. 2025
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Development of the 16-T Model Dipole LPF3

Damage of the HTS coils during the test with LTS

After disassembly, Serious damage of the outer coils was observed. could be caused by strong coupling (between LTS 

and HTS) induced electromagnetic forces during the training of the LTS coils.

After testing, the coil surface is uneven

Delamination in 
the outer coils

Damage in interturn between layers

Layer insulation seriously damaged
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Development of the 16-T Model Dipole LPF3

Refabrication of the new HTS coils

ü To reducetime constant, the interlayerinsulationin the double-pancakecoil wasreplacedfrom stainlesssteelto

G10, polyimideandG10 werealsoaddedbetweenthecoil andtheformer

ü To mitigatethe impactof LTS quench,testingof the HTS coil wasconductedbeforeLTS training. Additionally,

high-purity copperandHTS tapesweredeployedaroundtheHTS coil to preventrapid magneticfield variations

duringthequench
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Development of the 16-T Model Dipole LPF3

Performance of the new HTS coils

Å The new coil achieved 7.05 T at 4.2 K under self-field, with relatively small field delay (time constant Ű = 4 min) 

Å The excellent performance before LTS powering confirms that the pre-stress does not damage the coil

Å However, when powering with LTS, 2 of 6 HTS coils damaged during an unexpected quench of LTS

Å HTS coils are being fabricated again with more improvements, to prevent damage during LTS quench, to be tested 

again in early June 2025
1970 A @ 7.05 T (with 20-mm aperture)
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IBS Technology: Status and Outlook 
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Applied Magnetic Field (T)

REBCO: B �æTape plane

REBCO: B �cTape plane, 45 ˃m sub

REBCO: B �cTape plane

Bi-2212: OST NHMFL 50 bar OP
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Nb-Ti: LHC 4.2 K

Nb-Ti: Iseult/INUMAC MRI 4.22 K

Iron-based Superconductor 2019

Iron-based Superconductor 2025

Iron-based Superconductor 2022

Iron-based Superconductor 2016

REBCO B�æTape Plane 2009

REBCO B�c Tape Plane 2017

2212

High -Jc Nb3Sn

Bronze Process Nb 3Sn

Nb-Ti

REBCO B�c Tape Plane 2009

IBS 2016

IBS 2019

IBS 2022

IBS 2030

Significant improvement in Je  of IBS tape in May 2025 !

At 4.2K@10T̆ Je~700A/mm2

IBS 2025


