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Performance of the 1st IBS solenoid Coil

Fabrication and test of IBS solenoid coil at 24T
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First performance test of a 30mm iron-based
superconductor single pancake coil under a
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candidates for applications. Indeed, some of Viewpoint
them have quite a high critical current density,
even in strong magnetic fields, and a low

superconducting anisotropy.
. Jan Jaroszynski This is a viewpoint on the letter by Dongliang Wang et al (2019 Supercond. Sci.
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B B Onnes foresaw the generation of strong magnetic fields as its possible application.
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Constructing high field magnets is a real
tour de force
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Test of the 1st IBS racetrack coil at 10T

 Two racerack coils with 100m long IBS tapes have been

‘.@ /‘@ fabricated and tested at 10T background field.
B -z , The Ic in the coil reached 86.7% of the short sample at 10T.

Critical Current w.r.t Background Field of IBS Racetracks

—Hl— 1stIBS racetrack

—&—2nd IBS racetrack
A 4 —/.— Sample Parallel
160 o
A4

—W¥— Sample Normal

[ ] =¥
e i S

.\_\‘§

Critical Current (A)
/

Background Field (T)

Comments from SUST reviewers:

a) ...the new results that can have a strong impact on the conductor and
magnet community.

b) ...demonstrated the great potential of Iron-Based Superconductor in the
development of next-generation accelerators.

c) Itis of certain significance in the path of applications of Iron-Based
Superconductor...
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Reassembly of LPF1 with Increased Pre-stress

significantly increased.
Horizontal: from previous 30 to 80 MPa; ol X ﬁ__{;g Sl
Vertlcal from 30 to 40 MPa ;

Pre-stress during room temperature assembly R 5 ﬁ g ‘P”
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Performance with increased Pre-stress

The dipole field increased from 10.2 T to 10.7 T with larger apertures (2*¢p12 mm) .
Performance limited by Nb,Sn coil, possibly due to the imperfect impregnation.
Next step: replace the imperfect Nb;Sn coil and test the magnet again.
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Upgrade with New Nb;Sn and HTS Insert Coils
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Upgrade with New Nb;Sn and HTS Insert Coils
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Next:16T Dipole Magnet with Nb;Sn+HTS

Main field 16.3 T in the two 30mm-diameter apertures
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Next:16T Dipole Magnet with Nb;Sn+HTS

G10 Nb;Sn
AP:50 mm 1
AL shell‘ | 145m ¢| DM1/42 |
m <+ >
Iron yoke 19 mm
1.45mm § (SR
+—>
V-pad e 10.9
Pa =50 é mm
= o 145m $[Dm3/20]
H-pad— = S m —
Pa ==
5 — 9.1 mm
””” 40-46 mm =0
Iron- U W fLAE ‘“ o >
center /1r =
[e——e——le—l| Z
~ DM DM2 DM3 |3
Nb;Sn coils ) 76.5 mm v N y
Cross section of this dipole First quadrant coil Rutherford cable
Cable parameters
Cable [Hight| Width-i [Width-o| Ns [ Strand [Filament Insu_latlon Insula_tlon Twist angle [ Filling factor
Azimut Radial
DM1 | 19 1.45 1.45 42 | WSTNS1 | Nb,;Sn 0.23 0.2 16.91 83.74%
DM2 |110.9| 145 1.45 24 | WSTNS1 | Nb,Sn 0.23 0.2 16.91 83.41%
DM3 | 9.1 15 15 20 WSTN%&U'%?@%%W lul 29%%%020 0.2 16.91 %31.26%




Next:16T Dipole Magnet with Nb;Sn+HTS
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Field distribution in the cross section Flux distribution Cross-check with Opera -3D
Main parameters

Current - 3D 7630 A Blocks Block 1 Block 2 Block 3 Block 4 Block 5 Block 6

o Peak field (T) 13.85 11.13 10.95 11.21 10.57 10.47
Main field 13.02T

LL ratio (%) 82.91 78.16 77.18 78.6 78.63 78.09

Integral harmonics
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R&D Roadmap for the next years

SPPC dipole field: baseline 12 T, optimum 20-24T

Field
(T)

20

Nb,Sn+HTS
2*$45 aperture
15T @ 4.2K

NbTi+Nb,Sn
2*¢$10 aperture
10T @ 4.2K

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

IEEE TAS 2019, 29(7), 4003807
IJMPA 2016, 31(33):1644018
IEEE TAS 2016, 26(4): 4000404

2018 2028 | year
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CERN-China HL-LHC CCT Project 3

China provides 12+1 units CCT corrector magnets for HL-LHC by mid 2022
2*2.6T dipole field in the two apertures. 2.2m prototype being fabricated.

tion to LHC (UL)

Service gallery (UR)

Collimators

Layout of the HL-LHC Magnets and Contributors

Q. XU, CEPC Day, July 24th 2020 14



CERN-China HL-LHC CCT Project
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Non binding MoU for
HL-LHC

The time for
“booking” in-kind
contributions is
shrinking!

Certain items require
a long qualification
process for
companies and also
for Labs
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W

MCBRD: the HL-LHC orbit correctors, providing a maximum 5 Tm integrated
field in two apertures, vertical in one and horizontal in the other.

CERN-China HL-LHC CCT Project
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> VWD

=)/ CERN-China HL-LHC CCT Project

Comparison of Central Field
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@ CERN-China HL-LHC CCT Project = e VNS

Integer harmonics for 2.2m-long CCT magnet
Integral Harmonics

Q. XU, CEPC Day, July 24th 2020
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CERN-China HL-LHC CCT Project

iy

Colil fabrication and Magnet Assembly

CCT-2.2m-Prototype temp during impregnation and polymerisation cycle
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CERN-China HL-LHC CCT Project
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Cold test at IMP
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CERN-China HL-LHC CCT Project = > VNI

After ~1 month test and training at 4.2K, both apertures reached the design
current 394A and ultimate current 422A. Reached the design target!

A good start for the next series production!
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Summary

* Advanced high field magnets are crucial components for future high
energy accelerators.

Strong domestic collaboration for the advanced superconductor
R&D: raising performance & lowering cost.

Very good performance of the 15t IBS solenoid coil tested at 24T and
the 15t IBS racetrack coil tested at 10T.

The 1% twin-aperture model dipole (NbTi+Nb,Sn) reached 10.7 T @
4.2 K; 12-16 T model dipoles being developed.

CERN & China Collaboration on accelerator technology: test of the
2.2m prototype CCT magnet completed, reached the design target!

Q. XU, CEPC Day, July 24th 2020 23



Thanks for your attention

Q. XU, CEPC Day, July 24th 2020
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e Backup slides

Q. XU, CEPC Day, July 24th 2020
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CEPC-SPPC

CEPC is an 240-250 GeV Circular Electron Positron Collider, proposed to carry out
high precision study on Higgs bosons, which can be upgraded to a 70-150 (Upgrading

phase) TeV pp collider SPPC, to study the new physics beyond the Standard Model.

e+ 1P1
SPPC HE Booster

#
BTG SPPC ME Booster 7 broton Linac N\
SPPC LE Booster

50/100 km in circumference

IP4 P2

SPPC Collider Ring
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SPPC Magnet Design Scope

Main dipoles

* Field strength: 12-24 Tesla to get
75-150 TeV in a 100-km tunnel

* Baseline Iron-Based Superconductor
(IBS), Nb,Sn/ReBCO etc. as options

* Aperture diameter: 40~50 mm
* Field quality: 10# at the 2/3 radius

Site study of the CEPC-SPPC  6-m width Tunnel for CEPC-SPPC SPPC 12-T Dipole with IBS

et P1

SPPC HE Booster /
e+ e- Linac BIC
SPPC ME Booster

SPPC LE Booster

E[GeV]=0.3xB[T]x p[m]

P4

G,
b,
C
e,,%
.,

100 km in circumference

SPPC Collider Ring
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CEPC-SPPC Project Timeline

CEPC Project Timeline
o

oS 2l S o o~
~ Y v » () »
§ & 8 § & 8
Construction | SPPC
(2022-2030) M Alternatives: ep/eA

I 3 : :
I
S r— —-I |
g + 2019-2021 Big Science cultivation . l
e . : . Operation )
o * Site selection, geological surveys |
8 and civil engineering design :
R * Key technology demonstration & /
@ system verification * 2022 MoU, international collaboration :
g * 2021 Release of Acc. TDR * 2023-2027 Tunnel & infrastructure construction I
I
: ¢ 2016.6 R&D funded by MOST + 2022-2027 Acc. components mass production; I
2.; * 2018.5 1% Workshop outside of China 2028-2030 installation, alignment & calibration, :
S « 2018.11 Release of CDR followed by commissioning :
- : . * 2023 Decision on detectors and release of !
* 20139 Project kick-off meeting ) . |
« 20151 R&D funded by IHEP _detector TDRs; 2024-2030 cjetector construction, :
installation and commissioning ;
* 2015.3 Release of Pre-CDR ,

o L L L L L L\ (L (L (L (L (L (L (L (L (L (L - 4‘\

( * 2018.2 11 10 T SC dipole magnet * 20T dipole magnet R&D with Nb;Sn+HTS or HTS | }
1 |

I » 15T SC dipole magnet & HTS cable R&D : :
| I

I |

|

l HTS Magnet R&D Program . |

\u _________________________________________________________ _Il
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Whole Wire Critical Current Density (A/mm?, 4.2 K)

J. of IBS: 2016-2025
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Discovery of IBS Superconductor

JIAICIS

Hideo Hosono COMMUNICATIONS

Published on Web 02/23/2008

I BS (TC 26 K) Iron-Based Layered Superconductor La[O,_,F,]JFeAs (x = 0.05—-0.12)
[1] with T, = 26 K
2008'02 Yoichi Kamihara,*T Takumi Watanabe ¥ Masahiro Hirano,'$ and Hideo Hosono'+$§

ERATO-SORST, JST, Frontier Research Center, Tokvo Institute of Technologyv, Mail Box S2-13, Materials and
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New record J, 364A/mm? @ 4.2K, 10T

Short sample I.: 437 A with 4-mm width
and 0.3-mm thickness.

J. = 364A/mm? @ 4.2K, 10T

Transport J_ (A/cm®)

S| *See.. | -
. e, &
- 42K
10°F
. H// Tape surface
. —a— Water-cooled Magnet
10 . —*— 14 T Magnet
: —=— Hybrid Magnet
2 A 1 ; 1 R ] R 1 . 1 ) 1 ;
1 8 12 ‘16 20 24 28 32
Magnetic Field (T)
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@ IEECAS

Yanwei Ma

At30 T, J. = 400 A/mm?

Transport J, of 100-m-
class 7-filamentary Ba-
122 IBS tapes was
further improved to >
3X10°A/lcm?at 10 T &
4.2 K (three times the
value in 2016).
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Domestic Collaboration for HTS R&D

Applied High Temperature Superconductor Collaboration (AHTSC)

» R&D from Fundamental sciences of superconductivity, advanced HTS
superconductors to Magnet & SRF technology.
» Regular meetings every 3 months from Oct. 2016

> Goal:

* Increasing J_ of iron-based superconductor by 10 times.

* Reducing the cost of HTS conductors to be similar with “NbTi conductor”
* Industrialization of the advanced superconductors magnets and cavities

4._;,

—_____zetseasyEEly SRR . ¢ o | T R T =~ A C | k. .
5 Proposal for . P

Strategic Priority Research Program | 9 Vabilite

of Chinese Academy of Sciences | Uil

(CAS) PHEB AR

Science and Technology Frontier

Research BMERARREREF L

for High Field Applications of High 43M RMB for 2019-2024
Temperature Superconductors IRENIII® Y

Ranked No. 1 in 7 candidates % T-A R EERATRMY
by Academic Committee of CAS “p MR AR 2 BRI AT
360M RMB for 2018-2023 2018 4¢ RS H 59 Y8




The 12-T Fe-based Dipole Magnet

IJMPA 2019,34(13n14),1940003

10.11
9.445
8.779
8.114
7.448
6.782
6.117
5.451

IRONBASED2 ¥ 4.785
4.119

| 3.454

IRONBASEDL IROMBASED3 2.788
|+ » = 2.122
42.8 mm =1 1.457

0.791
0.125

ROXIE 102

64.8 mm

Ll

L 2

Conceptual design with expected J, of IBS in 2025

Strand @ diam. cu/sc RRR Tref Bref Jc@ BrTr dJc/dB

IBS 0. 802 1 200 4.2 10 4000 111

0 8/13.3 mm

E 0.45 0.79/1.91

I 101 -0.65/-2.24
0.46 0.08/0.67

I o.27 -0.13/-0.22
Bl 353 -1.00/-2.31
I 0.49 -0.46/0.69
FEE 033 0.26/2.49
LI 058 -0.12/0.84 e XU, CEPC Day, July 24th 2020 33
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» For 100-km SPPC, needs 3000 tons of IBS
» Target cost of IBS: 20 RMB /kAm @12 T
|!" > Total cost for IBS conductors: ~10B RMB




R&D Fabrication Procedures

and Challenges

Tension control,

deformation

J.and RRR degradation,

Flux jump

Material,
Structure,
Processing,...
J. RRR, Cu
ratio,
Filament size...

Temperature control,
Thermal stress control
J.and RRR degradation.

Stress control,
Size control, i »
Electrical insulation Impregnation quallty control:
J.and Field quality  type of epoxy, procedures;
degradation, Mechanical strength and
Electrical short... stability

Q. XU, CEPC Day, July 24th 2020

Pre-stress control
Stress of coils,
Mechanical
Stability...

EM force, Quench
protection
Training,
Strain of coils...
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The 1st High-Field Model Dipole LPF1 in China

Twin aperture model dipole magnet with NbTi+Nb;Sn

Training History
12

53 |v..,€ﬁl =) s«/@

P

10 -
-

T 102T@42Kdlpolefleld _
or= intwo-apertures (2*®10mm)

Field (T)

2 -
IEEE TAS, 29,2019, 4003807 ERER
& o] . 2I l 4‘1 . é I é ‘ 1I0 . 1‘2 ' 1‘4 ' 1I6 ‘ 1‘8 . 2‘0 I 22

Quench Number

NbTi NbTi  Nb,Sn  Nb;Sn NbTi

==

Common coil dipole magnet

Vpad  Bore & Spacer Nb,Sn coils NbTi coils
S » Py

* Performance limited by
the outermost NbTi coil.
* Very possibly due to the

En:J plate  G10 Spacer Hp'ad Yo'ke Al ;od Alsl:ell y 2020
Shell-based Support structure Ie%gﬂb}%?@a stress.




Dipole vs. Solenoid

Dipole vs Solenoid

D'FOIe * Different coil configurations Solenoud
1
r Bdipole = EBsolenoid
9 Limited coil width for dipole

* Magnetic shielding J_ — Current density
e

b=p,J. 3

J, — Current density

B=uyJdet

t — Coil thickness e t — Coil thickness

Record Magnetic Field vs. time

| —+—B Solenoids
5, —=BsolDemo r{

B Dipoles _J

Field (tesla)

1970 1980 1990 2000 2010 2020
Lucio Rossi YEAR

Martin Wilson
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