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Proposed institution

IHERPCAS, China

CERN, Europe

Proposed time

2012

2013

Site of the project

China

Europe

Baseline technology

IBSbaseline20~24 Tto reach
125-150TeV
Nb,SnHHTSas options

Nb,;Sn14 Tto reach90 TeV
Or
Nb,SmHHTSto reach 20 T
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Construction at 2040s

Construction at 205660s
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20182021, 12.47T @4.2K
NbTi+ Nb,Sn

~90%SSL | 1247 T @ 6865A |

Training history at 4.2 K

LPFI-U test after 2" thermal cycle: 68654 & 1247 T@ 4.2 k
LPFI-U first test result: 6664 A & 12.15 T @ 4.2 k- 2*() 14 mm

LPFI-S test result: 5507 A & 10.71 T @ 4.2 k- 2*Q 12 mm
LPF1 test result: 5122 A & 10.23 T @ 4.2 k- 2*( 10 mm

—— Test result of LPF1

—— Test result of LPF1-S

—— First test of LPF1-U

—— LPF1-U test after 2* thermal cycle
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ChallengesStress control,

guench protection, field

j dzl £ A G @

02

Nb;Sn+HTS or HTS
2*$45 aperture
20T @ 4.2K
With 10 field quality

—_ -
(=] N
T

°
& 20
T

°
ES

Normalized critical current density
t=]
P

U-spring
£, 5<107 vim
T =10T

<
]

Applied axial strain [ % ]

2028

year



Development of the 16T Model Dipole LPF3

16 T Model Dipole LPFBtb,Sn 13 Tcommon Coil with5 mm gap+HTS 3 T insertslock & CQT
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Development of the 16T Model Dipole LPF3

TheReBClock insert coils for LPF3 Ze Fengt al
— - e —
Aend
a——— —
L1
Parameters Values 4k BEEEE (T)
LO 409.6mm
L1 540.2 mm
Rhard 800 mm
Aend 6°
R1 9.5 mm
Z1 120mm fi*

Coils wound with Insulated stackBeéBC@apes







Development of the 16T Model Dipole LPF3

Pre-stress and assembly of LPF3 YingzheWNang et al
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Quench protection of LPF3

JinruiShi et al

U Varistor plus CLIQto protect the Nb,;Sn
coils. Themaximumhot spotis~230K
U NI configuration plus dump resistor to

protect the 2 HTSnsert coils
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Development of the 16T Model Dipole LPF3

Performance test ongoing from Sep 2023 Wei Li et al

U TheNb;Sncoilswere trained firstly, maximum current reached~85%of |, in Dec2023 but showedan unstable
plateauat 11 T due to one of the outmost Nb;Sncoil, probably due to insufficient pre-stressduring assemblyand
enhancedfield on mostinner Nb3Sncoilsdueto the HTSscreencurrent!

U HTlockcoil wasrampedindependentlyto 100%0f |, with negligibleterminal voltageat 9 T backgroundfield

Ramping test results s
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Development of the 16T Model Dipole LPF3

Reassembly of the magnet with enhanced ps&ess
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The 29 Performance test in Feb 2024

U TheNb;Sncoilsshowedvery unstable performancein the 6300-7000A region due to one of the inner most coils,
but finally passedhis regionand reached~8/%of | ,,in the beginningof March 2024

HTSblock coil was ramped independentlyto 120% of |, to test its ultimate performance,but one of the leads
wasdamageddue to the quench
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Development of the 16T Model Dipole LPF3

Fabrication of the new NSn & HTS Colls Jun. to Oct. 2024
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Development of the 16T Model Dipole LPF3

R 2020 F128 W

Reassembly of the LPF3 magnet™s¥k +HTSv Kkt ey MkyT o ab LPF3-U" 9\
1 =
%j}ﬁﬁmﬁﬁ&ke}vﬂ‘gﬁ ﬁ?‘gj‘]—ﬁg; ;IE}(:F?‘:I_['% B | & g:ﬁ T o 1400 Hoopstrain during assembly
1. 4T Hi, KB (7.642) 0.5 36 8 —29 -37 200
2. K4V, 14Mpa: (4. 6+2) +140.2 205 | 201 | -134 | -142 100 Hotarget
3. 1HiT )k, <5MPa: 4+2 (‘]n]3%2) 155 | 168 8 114 o TS T o o i o o e e S = = S E R O
4. b3k, <S50MPa: 4+2 (1[u]2%241+0. 5) 37 1 184 | 398 o
5. P}k, <50MPa: 7.6+2+1 105 | 353 | 241 | 457 "
6. PIJEABNER+2+140. 5 i
7. K411k, 60MPa: 4.6+2+1+0.5 606 | 171 281 | 512 "0
11.159: 42 607 | 164 | 277 | 504 0
8. BT T - 603 | 164 | 279 | 512 | 1288 | 1718 | 1584 | 1401 &
9. #e4590° Rl gl 1D 606 | 174 | 308 | 514 | 1281 | 1709 | 1541 | 1380 0" ,,
10. 1H{TJE: 80MPa/66MPa 4+2+0. 5-342-4+2+0, 242 473 | 253 | 373 | 584 | 1281 | 1679 | 1609 | 1337 & &
11. Jb4T )k : 120MPa 4+2+0. 5-3%2-4+2+0. 5 511 432 576 773 | 1257 | 1712 | 1517 | 1372 o Nl sV el s i bt rectba il Somtirtinsidaionia: & @ &
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15. ZRIEATHMIT ;g‘:m A-target
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17. WAL T TE: 150MPa 4+2+0. 5+0. 2-3%2-4+2+0. 5+0. 2 935 913 707 829 | 3166 | 3287 | 3234 | 3243 b6
18. A b MM$TH:: 160MPa 4+2+0. 5+0. 2+0. 2-3%2-4+2+0. 5+0_ 2 1122 | 794 722 | 928 | 3163 | 3275 | 3284 | 3252
11.18 15: 34 1079 | 762 | 681 | 901 | 3114 | 3234 | 3199 | 3216 & @ yr & D
19. Pk 4T)E: 170MPa 4+2+0. 5+0. 2+0. 2-3+2-4+240.5+0.2+0.2 | 906 | 939 | 719 | 938 | 3113 | 3258 | 3162 | 3209 ¢ Y o
AL AN
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Development of the 16T Model Dipole LPF3

Test of the LPF8 magnet

Nov. 2024 to Jan. 2025

Main challenges The LTS coils are strongly coupledwith the HTS _ .
coils in magneticfield and stressduring LTS training the HTS A Nb;Sn coils reached5905Aa
inducedcurrentenhancehe field strengthand stressof the adjacent 26 T after3 quenchesy7% of
LTS coils, andthe frequenttrainingquenchof LTS causeirreversible ~ thedesignvalue

degradatiorof the HTS coils. A Strong coupling betweenHTS
__ Rampingtestresults and LTS causeddifficulties to
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Test of the LPFB magnet Nov. 2024 to Jan. 2025

1800 F 8
LTS2'5 4L [ - - o -
LTS 9T A The HTS coils subjected to

several excitation tests in both

seltfield and 9 T background
field, with a maximdatem

excitationcurrentof 2.5 kA (115

% of the designcurrent)in 9 T

backgroundield.
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Damage of the HTS coils during the test with LTS

After disassembly, Serious damage of the outer coils was observed. could be caused by strongoeowphngs
and HTS)induced electromagnetic forces during the training of the LTS caoills.
3 I - —— : —_—




Refabrication of the new HTS coils

U To reducetime constant, the interlayerinsulationin the doublepancakecoil wasreplacedfrom stainlesssteelto
G10, polyimideandG10 werealsoaddedbetweerthe coil andthe former

U To mitigatethe impactof LTS quench testingof the HTS coil wasconductedoeforeLTS training Additionally,
high-purity copperandHTS tapesweredeployedaroundthe HTS coil to preventrapid magneticfield variations
duringthequench
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Performance of the new HTS colls

A The new coil achieved 7.05 T at 4.2 K under-$elf e | d |,

Wi

t h

r el
A The excellent performance before LTS powering confirms that thstges does not damage the coil

atively

A However, when powering with LTS, 2 of 6 HTS coils damaged during an unexpected quench of LTS
A HTS coils are being fabricated again with more improvements, to prevent damage during LTS quench, to be tes

again in early June 2025
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IBS Technology: Status and Outlook

10% +
[ ‘ Significant improvement in J, of|IBS tape in May 2025 !
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