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High Energy Circular
Colliders for next
decades
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Proposed institution

IHEP-CAS, China

CERN, Europe

Proposed dates

2012

2013

Site of the project

China

Europe

Baseline technology

IBS 20~24 T to reach 125-150 TeV,
Nb,Sn etc as options

Nb;Sn 16 T to reach 100 TeV

Timeline

Construction at 2040s

Construction at 2050-60s

Cost

*

* *x




2021-2023 16T @ 4.2K
Nb.Sn + HTS

2018-2021, 12.47T @4.2K
NbTi + Nb,Sn

20 13 F ~90%SSL | 12.47T @ 6865A |

Training history at 4.2 K

/ LPFI-U test after 2" thermal cycle: 68654 & 1247 T@ 4.2 k
A’ 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
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16 T Model Dipole LPF3: Nb,;Sn 13 T (common Coil with 55 mm gap) + HTS 3 T inserts (Block & CCT with £20 mm)
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The ReBCO block insert coils for LPF3 Ze Feng et al
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Development of the 16-T Model Dipole LPF3

The ReBCO CCT instert coils for LPF3 Rui Kang et al




Development of the 16-T Model Dipole LPF3

Pre-stress and assembly of LPF3 Yingzhe Wang et al
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Development of the 16-T Model Dipole LPF3

coil#6 coil#3 coil#5 coil#2 coil#4 coil#1

Quench protection of LPF3 o e B AR © e mareriaLs q&“éiéﬁ“’&"sfg"“”fs‘i”{f"" < memosit
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Quench current (A)

Development of the 16-T Model Dipole LPF3

Preliminary fresh test results just last week! Wei Li et al

» The 1% preliminary test carried out in the week Sep 3-8 2003. The 6 Nb,Sn coils were firstly ramped

» 5 quenches occurred from 9 to 10 T, all caused by FLUX JUMP, but with an encouraging upward trend

> Test stopped due to the limited size of He recovery gasbag, > 100 m3 He gas was evaporated during the 5t quench

» HTS CCT insert was ramped independently, quenched at 90% of the l,, With a linearly increased voltage curve,
probably indicating a damage of ReBCO conductor durting the coil fabrication process

6400

6200

~10T =
6000 [
A
5800 -
A
5600 [
|
A ~
5400 F 9T A coil#3
B coll#4
5200 ' ' L
0 2 4

Quench number

[ 1 - 1 1 | !
114.25 1143 "W 114.35 114.4 114.45 114

1 | 1 1 ’ -
114.285 114.286 114.286 114.287 114287 Bllsaste s N 10



Whole Wire Critical Current Density (A/mm?, 4.2 K)
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s s==eemeees The 15T IBS single pancake coil at 24 T

Letter . L Hoop
Fixed on the winding plane

First performance test of a 30mm iron-based
superconductor single pancake coil under a
24T background field

Dongliang Wang'**©, Zhan Zhang™*, Xianping Zhang'~©,
Donghui Jiang®, Chiheng Dongﬁ‘ . He Huang'~®, Wenge Chen’,
Qingjin Xu™* and Yanwei Ma'*°
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IBS Technology: Status and Outlook

The 15t IBS racetrack coil with100-m Long IBS Tapes

O Inserted in the dipole magnet and tested at 4.2 Kand 10 T .
NbTi  Nbs;Sn IBS

10P Publishing Superconductor Science and Technology \
Supercond. Sci. Technol. 34 (2021) 035021 (8pp) https://doi.org/10.1088/1361-6668/abb11b
' Shaded Plot

|B| smoothed
First performance test of the iron-based . .
superconducting racetrack coils at 10 T
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Voltage Signals of the 2" IBS Racetrack Coil Tested @ 10T
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Quench Current w.r.t. Background Field of the IBS Racetracks Coils
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IEEE TRANSACTIONS ON APPLIED SUPERCONDUCTIVITY, VOL. 32, NO. 6. SEPTEMBER 2022

Effect of Bending Before Annealing on
Current-Carrying Properties of Iron-Based
Superconducting Tapes

Chunyan Li*, Rui Kang, Yanchang Zhu*?, Zhen Zhang, Yingzhe Wang ©, Chengtao Wang *“, Jin Zhou, Huanli Yao,
Xianping Zhang “, Dongliang Wang ““, Cong Liu, Fang Liu™, Yanwei Ma?, and Qingjin Xu

Abstract—The iron-based superconductor (IBS) is a good candi-  (IEECAS) [2]. This demonstrates the great potential of IBS tape
date for high field magnet applications. The bending effect and Au lug sca \I |ppl| ations. A re uml critica |I curre m d ns m
properties of IBS tapes were systematically investigated in this
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» The attenuation curve of I, performance with decreasing

bending diameters for IBS tapes was obtained.
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cores under tensile stress.
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IBS Technology: Status and Outlook

The First IBS Solenoid Coil at 32 T background field Chunyan Li et al

|, of ®34mm-17 turns-DPC reached 60 A at 4.2 K and 32 T, world’s highest record up to now.
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Test system

|
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Experimental data shows significant quench propagation in the IBS coils! More testing will be carried out

- 200
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WE{. @8: ‘ IBS solenoid at 32 T

< 100-m 7-core IBS tape Racetrackat 10 T

“
N ¢ fabricated 1.3 kA transposed
Z. Zh P e
- £Nao0 P J,=100 A/mm?

Ny cable
IBS (T, 55K) o ¢ @10T, 4.2K J,> 450 A/mm?
o o o @10T,4.2K
2008.02 2008.04 2008.09 2016 2018 2020 2022
Discovery of IBS Discovery of o IR e IBS solenoid at 24 T
122 phase IBS = - :f e Racetrack at 8 T
H. Hosono e ... J.=300 A/mm?

IBS (T, 26K) @10T,4.2K

J, of IBS expected to be similar as ReBCO in 5 years with better mechanical properties and lower cost
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Development of a Roebel-like Transposed Cable with the in-plane bending of HTS tapes

KIT proposed the Roebel cable

Martin.~ N.  Wilson concept by punching wide tapes to
proposed the idea in1997 realize transposition in 2006
In-plane transposed HTS cable Punch-assemble transposed HTS cable

Siemens developed a
transposed cable with in-plane
bending Bi-2223 tapes in 2004

IBS tapes

First step
strand

7 i IBS transposed
- cable in 2021
Second step Third step
transposed Fixed

IHEP proposed the transposed

IHEP successfully fabricated

the first in-plane transposed

REBCO cable in 2020

In-plane transposed HTS cable Juan Wang et al

@ IHEP successfully |
fabricated the first |

cable with in-plane bending

of HTS tapes in 2017
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R&D of the HTS transposed cable: X-cable

Development of a Roebel-like Transposed Cable with the in-plane bending of HTS tapes jyan Wang et al
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interaction regions, help to raise the

luminosity by 5 times
The 15t time CCT type magnets applied
to an operating accelerator.

20



Successful design upgrade to
solve the “long training problem”,
significantly reduced the times of
898, &2@"@ quench during training, ensured

2 the project progress “on track”.
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Development of CCT Magnets for HL-LHC

C Mpp ‘H —=rm!
AHNEDBESERHEERAR

AP1(CB12, 25 quenches 526A) reached =422A
after 11 quenches.

AP2(CB09, 33 quenches 530A; after thermal cycle
>500A) reached +422A without any
guenches.
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Development of CCT Magnets for HL-LHC

« 4 series CCT magnets have been fabricated; all of them reached the ultimate current and passed the field quality test.
Components for 2 magnets being shipped to CERN; The 5™ series magnet to be assembled in Nov 2023
* Production rate for the rest of series magnets: every 3 month per magnet

MCBRD_CBO01 Wet wind 530 A . . S — LG ST
oth apertures reached ultimate curren , and passed 4-hour
MCBRDO01 CERN — o
MCBRD_CBO03 Direct wind e A (trrfup il ilaipst due_to i stability test
availability of the test station)
MCBRD_CB02 Direct wind CERN Failed to reach the design current

MCBRD_CB14 _Directwind BAMA 530 A (30+34 quenches), put in quarantine
with new channel size

Direct wind

MCBRD_CB18 . . IHEP 530 A (43 quenches)
with new channel size
MCBRD05 oi - To be assembled in Nov 2023
MCBRD_CB19 o i st IHEP 530 A (63 quenches)
with new channel size
MCBRD_CB20 DIEEr B IHEP To be stand-alone tested

with new channel size
MCBRD_CB10, 11, 15, 16 Shipped to CERN for fabrication
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Summary

* Long-term advanced superconducting magnet R&D for future high-energy
accelerators is ongoing at IHEP-CAS

* 10+ T model dipoles being developed at IHEP, reached 12.47 T at 4.2 K in mid
2021. 16 T (NbySn+HTS) model dipole under test in 2023. 20 T accelerator
magnets expected to be realized in 2020s

» Strong domestic collaboration for the advanced superconductor R&D (HTS &
Nb,Sn): Stainless-steel-Silver stabilized IBS tape achieved the highest J_ in 2022!
Significantly reduced the cost and raised the mechanical properties

* China & CERN Collaboration on accelerator technology: development of HL-LHC
CCT magnets going well

* Looking forward to a world wide synergy on the advanced accelerator magnet
R&D in future

Thanks for your attention
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