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CEPC-SPPC Project Timeline

+ 2023 Decision on detectors and release of
detector TDRs; 2024-2030 detector construction,
installation and commissioning

* 2013.9 Project kick-off meeting
* 2015.1 R&D funded by IHEP
* 2015.3 Release of Pre-CDR
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/ * 2018.2 1* 10 T SC dipole magnet built * 20 T dipole magnet R&D with Nb;Sn+HTS or HTS : A

* 15T SC dipole magnet & HTS cable R&D

HTS Magnet R&D Program

Q. XU, IPAC19, May 2019, MELBOURNE 3



SPPC Magnet Design Scope (V201701)

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 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
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Whole Wire Critical Current Density (A/mm?, 4.2 K)

J. of IBS: 2016-2025
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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”

. Industr|aI|zat|on of the advanced superconductors magnets and cavities
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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”
. Industr|aI|zat|on of the advanced superconductors magnets and cavities
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of Chinese Academy of Sciences
(CAS)
Science and Technology Frontier
Research
for High Field Applications of High
Temperature Superconductors

Ranked No. 1 in 7 candidates
by Academic Committee of CAS

360M RMB for 2018-2023




Critical Current [A]

Transport S, (A/em™)
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Latest Progress on IBS wires

Y. Ma (IEECAS) et al.

“~ H // Tape surface .
N ’ Transport property of IBS tape (2017):
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The 12-T Fe-based Dipole Magnet

Yoke OD
500mm

-
64.8 mm mm %4
(]

5.451
E 4.785

IROMBASEDZ2 ¥ (| 4.119
q—p| o 3.454
[ |

IRONBASED1 IRONBASED3 e

2122
o o -

42,8 mm 0.791
0.125

ROXIE 102

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

m 2D with | 3D with Ri=
q R=13.3mm | 8/13.3 mm

T Se GRMS. e % For 100-km SPPC, 3000 tons of IBS is needed

0.08/0.67
-0.13/-0.22
-1.00/-2.31
-0.46/0.69
0.26/2.49
-0.12/0.84
0.06/2.18

» Target cost of IBS: 20 RMB /kAm @12 T
> Total cost for IBS conductors: ~10B RMB

1
U, IPAC19, May 2019, MELBOURNE 8




R&D of High Field Dipole Magnets

R&D Roadmap for the next years

Field
(T)
Nb,Sn+HTS
20 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

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

2018 2028  year

Q. XU, IPAC19, May 2019, MELBOURNE



R&D of High Field Dipole Magnets

The 1t High Field Dipole LPF1: NbTi+Nb,Sn

Cross section of LPF1 Magnetic field distribution

Nb35Sn: MNbTi: NbTi:
12.11 T By 6.65T B, 5.61TE, ..
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5.0005+000_H_‘,_EJ_,§
Main parameters of the strands o

diam. Tref Bref Jc@ BrTr Ic@ BrTr 4.000E+000
Strand cu/sc RRR
(mm) (K) (M  (Aimm2) (A

Nb3Sn = 0.802 1 200 4.2 12 2700 682 — k@ block 4

2.000E+000 __ | —- ‘
NbTi 0.82 1 130 4.2 5 2613 690 | . ﬁ“ ——&Eblock 5
1.998E- ' —— k@ block 6

Q. XU, IPAC19, May 2019, MELBOURNE 10




R&D of High Field Dipole Magnets

Vpad Bore & Spacer Nb,Sn coils NbTi coils
N al t A

End plate

Soldering
= box

| ||
L

End plate G10Spacer Hpad Yoke Al rod Al shell

(e)
Mechanical FEA magnet model 3D CAD configuration of LPF1
68185 0 0
.52OE+08I .519E+08I _519E+08I
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.26OE+O9I .259E+O9I .259E+O9I
.312E+09 .311E+09 .311E+09
.364E+09 .363E+09 .363E+09
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.467E+O9l .467E+O9l .467E+O9l
Q. XU, IPAC19, May 2019, MELBOURNE 11
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R&D of High Field Dipole Magnets
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Current decay

Hotspot temperature
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Q. XU, IPAC15, May 2019, MELBOURNE

TIK)
Time(s): 0.55486

196.5
188.1
1797
1713
163.0
1546
1462
1379
1295
1211
127
1044
96.02
87.65
79.27
70.90
62.52
54.15
4577
37.40

ROXIE 12

Temperature distribution
In coil during quench

Quench heater

i
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R&D of High Field Dipole Magnets

Fabrication Procedures of the High Field Magnets and Challenges

Tension control,
deformation

J.and RRR degradation,
Flux jump...

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

Stress control

Material,
Structure, Size control, wn
Processing,...  Electrical insulation Impregnation quallty control:

J. RRR, Cu J.and Field quality  type of epoxy, procedures;
ratio, degradation, Mechanical strength and
Filament size... Electrical short... “*“stability?y 20+9 VELBOURNE

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

EM force, Quench
protection
Training,

Strain of coils...



R&D of High Field Dipole Magnets

Test results of the 1%t high-field dipole magnet in China reb. 201s
(NbTi+Nb,Sn)

T e 10.2 T @ 4.2 K dipole field ]
E sl in two apertures _
2 (NbTi+Nb,Sn)

| C. Wang et al, IEEE TAS, 29,2019, 4003807

= NbTi | |
4 Nb3Sn|
. o 2I dll é é ‘\ID 1I2 1I4 16 1‘8 2‘0 22
Quench Number
Coil 1 Coil 2 Coil 3 Coil 4 Coil 5 Coil 6
== ==
E —
TZ-s=-a=-1¢
—| %

2019, ME\HOURN
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©  RA&D of High Field Dipole Magnets 3

Far =
-1

Fabrication of IBS solenoid coil and test at 24T
Single and double pancake IBS coils

<
g
g
S
— 10}
'S' —=— Bal22 short tape
—e— Bal 22 single pancake coil
1 1 . 1 . 1 R 1 R 1 R 1
0 5 10 15 20 25
| Background Field (T)
D. Wang et al 2019 Supercond. Sci. Technol. 32 04LT01
®35mm DPC

Q. XU, IPAC19, May 2019, MELBOURNE 15



R&D of High Field Dipole Magnets

Ongoing: LPF2-12T model dipole with graded coils
NbTi+Nb,Sn+IBS

Block 1 Block 2,3 Block 4,5 Block 6,7 Block 8,9
Iron-based Sc: NbsSn: NbgSn: Nb;Sn: NbTi:
1203 T By, 1209 TBoeyc 7.6 TBooy 565 T By 4.91T By

Iron yoke:
OD=500 mm

-

TVERTTT|

- =
JaaEs - .
= 4-5=|
2 EE G
=== -
Lo
Sm lmE —
1m §s 25
= | — e ———
Block 16,17  Block 14,15 Block 12,13 Block 10,11

NbTi: Nb,Sn: Nb,Sn: Nb,Sn:
49TBys  565TB,y 7.62TB,, 12.14TB

peak

Magnetic field distribution (2D)

o L i Revised IBS coil design
145m NbTi cable 145m Nb3Sn cable  ,(140m W@zg,czqﬁlg MELBOURNE 16
/mm

Jc~2000A/mm2@4.2K, 12T Je~2 OOA' @4.2K, 127



R&D of High Field Dipole Magnets

Next steps: LPF3, a high field dipole magnet with 45-mm aperture

Iron yoke: Nb;Sn coils  szzzz=maluaeiy B (T)
0D=620 mrg

12.60

= 11.94

- 11.28

- 10.63

- 9.971

- 9.313

8.655

7.997

7.338

6.680

6.022

5.364

4.706

- 4.047

3.389

= 273

- 2.073

- 1.414

- 0.756

0.098
. ROXIE 102

Cross section of LPF3 e L DN —t

Nb;Sn magnet, 45-mm diameter twin aperture, main field 12 T with operating current
of 5850 A. Load line ~“80% at 4.2K. As high field test station for HTS coils.

Q. XU, IPAC19, May 2019, MELBOURNE 17



R&D of High Field Dipole Magnets

LPF3+HTS: >12 T dipole magnet with 10-* field quality

The HTS coils

Bl (T)

12,30
11.65
11.01
10.37
9.7
9.089
8.447
- 7.804
7.162
6.520
5.877
5.235
4.582
3.950
3.308
2,665
2.023
1.381

FITrE——"T

f@ﬂu—u-m

0.738
0.096

ROXIE 10

Field distribution

Q. XU, IPAC19, May 2019, MELBOURNE 18
3D model (half length of the straight section: 500 mm)



CERN & China Collaboration

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

| v The 15 coil reached 543A @ 4.2
with 5 quench, 83.4% loadline.
v The 2" coil reached 489A with 5

quench.
v’ Design current 422A @1.9K.

Fabrlcatlon and test of the 15t coil for the 0.5m model magnet @ Xi’an

WL




CERN & China Collaboration <> \\WY

2015 2016 2017 2018 2015 2020 2021 2022 2023

MERDS1 - short model T =
MEEDEI - prototyps T - IEN|
MEED! - seriss 1
MERD? - serias 2
MEEDS - serizs 3
MERD - series £

D2

MERDS - spars 1
|MERDS - spare 2
MCERDE! - short modst ]
MCBRDS2 - short modal dovble aperture C

MCERDEL - prototyps C
MCERDE? - prototyps THER 1
MCBRDOL - series 1 1 @

D2 cold mass

D2 correctors
£
&
;

MCBRD12 - spars 4 1
Q4 - short model s

rototype 1 (QUACO] [ 5
MQY Y |oterotorpe 1 (Quaco)

Q4-prototyp= 2 (QUACO) 5

Q. XU, IPAC19, May 2019, MELBOURNE 20



Summary

* High field magnet technology is the key to the success of the high
energy accelerators in future.

* SPPC design scope: 12-24 T IBS magnets to reach 75-150 TeV with
100 km circumference.

e Strong domestic collaboration for the advanced HTS conductor R&D:
Make IBS the High-T_and High-Field “NbTi” conductor in 10 years!

* R&D of high field magnet technology: the 15 twin-aperture model
dipole (NbTi+Nb,Sn) reached 10.2 T @ 4.2 K; 12-15 T model magnet
being developed.

* CERN & China Collaboration on accelerator technology: Start with
the HL-LHC collaboration, and expecting more in future.

Q. XU, IPAC19, May 2019, MELBOURNE 21



Thanks for your attention!
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