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Requirements:

Achieving the magnetic field;

Tracking volume within which H (x, y, z) is specified;
Magnet options:

Solenoid coil with iron yoke

Key Issues:
Design optimization:
field homogeneity in the tracking volume
the stray field distribution
Iron yoke configuration and cost reduction
Conductor: Rutherford type cable 18.5kA ; mechanical
reinforcement
Cryogenics: Thermal-siphon technology
Mechanical integrity
Protection
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Superconducting Solenoid Magnet for BESIII detector

* An axial magnetic field of 1 T with a uniformity of 5% within the 3 m
diameter volume of drift chamber for momentum measurement of
charged secondary particles.

* The coil was indirectly cooled by forced flow of two-phase helium
circulating inside tubes.
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Central field(T)
Max. field(T)

coil inner diameter (mm)

Coil outer diameter (mm)
Coil length (mm)
superconductor length(Km)

Dimension of
superconductor(mm)
layers
Total turns
Stroed energy(GJ)
Inductance(H)
Nominal current(A)
Total weight(t)

215t

* Design of solenoid coil with iron yoke
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Field design and optimization

* The 7.4 m long coil is composed of 5 modules;

* Each middle module has 4 layers, with 78 turns per layer. Each end module also

has 4 layers, but with 44 turns per layer.

 The nominal current is 18.5 kA for the design
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maximum central field of 3.5T.

Main parameters of the CEPC detector magnet
Solenoid central field [T] 3.5 Nominal current [KA] 18.575
Maximum field on conductor [T] 3.85 Total ampere-turns of 23.925

solenoid [MAt]
Coil inner radius [mm] 3600 Inductance [H] 10.4
Coil outer radius [mm] 3900 Stored energy [GJ] 1.8
Coil length [mm] 7600  Stored energy per unit 10.91

of cold mass [KJ/kg]




* Magnetic field distribution of the magnet
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* the stray field distribution outside the magnet

>»The 50 G line is at 14.8 m radial distance and 17.2 m axial
distance with a total thickness of iron of 2.44 m both in the
barrel and the two end-caps with the 3.5 T central field.
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* The way to Improve the field uniformity of the central
area

» Different current density in the coil
Magnetic deviation from the magnet center

ax\\ Om to 2.35m along the axis direction:
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 Comparison of magnetic field distribution
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Magnetic Field Distribution
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Time Projection Chamber (TPC)
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+Anti-solenoid (QDO0)
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_ Thicness Position density
Coil ID

[mm] [mm] [A/mm?]

Coil-1 1794 3600 300 0 10.768
Coil-2 1794 3600 300 1844 10.768
Coil-3 1794 3600 300 -1844 10.768
Coil-4 1012 3600 300 3297 10.768
Coil-5 1012 3600 300 -3297 10.768

Anti-
Solenoid

Anti-
Solenoid
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Magnetic Field Distribution with Anti-Solenoid
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Uniformity of the TPC with Anti-Solenoid

There is a great effect around the Anti-
Solenoid.

_ With the distance far away from the center
Ty - of the Anti-Solenoid, the effect will
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Iron yoke configuration and cost reduction

Table 6.1.1: SiD and CMS Superconducting Coil Comparison

Quantity SiD CMS Units
Central Field 5.0 4.0 T
Stored Energy 1.59 2.69 Gl
Stored Energy Per Unit Cold Mass 12 11.6 kl/kg
Operating Current 17.724 19.2 kA
Inductance 9.9 14.2 H
Fast Discharge Voltage to Ground 300 300 \Y
Number of Layers 6 4

Total Number of Turns 1459 2168

Peak Field on Superconductor 575 4.6 T
Number of CMS superconductor strands 40 32

% of Short Sample 32 33

Temperature Stability Margin 1.6 1.8 K
Total Cold Mass of Solenoid 130 220 tonne
Number of Winding Modules 2 5

Rpin Cryostat 2.591 2.97 m
R min Cotil 2.731 3.18 m
Rpax Cryostat 3.392 3.78 m
Rmax Coil 3.112 3.49 m
Zmax Cryostat + 3.033 + 6.5 m
2ol + 2.793 + 6.2 m
Operating Temperature 4.5 4.5 K
Cooling Method Forced flow Thermosiphon

Eleven 20 cm thick iron plates with 4 cm gaps form both the barrel and end wall portions
of the flux return. There is also a 5 cm gap between the barrel and door that is partially filled
with barrel iron connecting plates. These connecting plates are also part of the solenoid
axial restraint system. The door iron plates are held together with an iron cylinder on the ID
and top plates on the OD.

T Ll

Figure 6.2.1: :2D Axisymmetric showing B,,,,. Only a small portion of the air is
displayed. The gray/blue boundary is the 200 G line.

*SiD, DETAILED BASELINE DESIGN, DRAFT SUBMITTED TO THE PAC (REVISED), 10 DECEMBER 2012
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Iron yoke configuration and cost reduction

Manufacturing capability of iron yoke in China.

Research on magnetization curves of different materials and the
material uniformity.
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Iron yoke configuration and cost reduction

Huge scale yoke
Total weight 12,200t

Barrel yoke: End yoke:

Length: 8.2m Thickness: 2.44m

Outer diameter:14.5m Outer diameter:14.5m

Max weight of segments: 100 tons Max weight of segments:200 tons

Magnetic flux return and main support structure for the whole detector
Manufacturing, Installation, Integration with sub-detectors, Moving;
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Magnet technology R&D
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Superconductor

Superconducting strand in virgin state

Strand diameter 1.28 mm
Cu/NbTi 1.1

S0 Sl el Bl e 3300A/mm?2 @4.2K,5T
density

Rutherford cable
Number of strand 36
Cable transposition pitch 185 mm

Final conductor

Bare dimensions 75*23 mm?

SO S e il Bl e >2970A/mm?2 @4.2K,5T
density

Ic degradation during <10%
manufacturing

B3I AL JRK
18.5 KA K HLIL = f5 B8 AR

Pure Al Pure Al + Alloy AINi stabilizer

l | | 1 | l 1 1

0 S5cm 10cm

Cross section of Superconducting cable:
BESIII. CMS. ILD
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Rutherford type cable
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Progress in the Rutherford cable

i

Number of strands: 20 Number of strands : 17 Number of strands : 24 Number of strands : 18

Strand diameter: 1.0mm Strand diameter : 0.727mm Strand diameter : 0.727mm  Strand diameter : 1.2mm
Materiel: Copper Materiel :Nb/Ti Materiel :Nb/Ti Materiel :Nb/Ti
Complete time:2015.5 Complete time:2015.7 Complete time:2015.8 Complete time:2016.2

Test results:
1.RRR value declined by about 1/3 after the stranding process. & 44 71 J5 M R 1254,
2.The decrease of the critical current is less than 5%.
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Conductor mechanical reinforcement

 Completed two rounds of insert process:
Hollow aluminum alloy, Aluminum alloy + copper cable
* Result: Depression in the middle and the tooling needs to be improved.(2016.4)

Hollow aluminum alloy Aluminum alloy + copper cable
2016.1 2016.2
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Cryogenics: Thermal-siphon technology

RENX:
1. BESIIHSRAERAE (WEIUSE) , RSB K, FimEEKo.
EREBERZEENARBRENELT, BENKMSERLIAELE, - @D| L

2. CEPCIRMSBS AT RTINS HNEH 52 .

(1) 4IRS BRI e
(2) REUEBTHREN, BRKE T

MRAR: LHe/GHe Pipe | L |
(1) CEPCHBSBAIITRSHHAHIRITHE. e , S
(2) ERENNE: BSOS HIT 2 IR R AR5l Tl i
B A AT IR R LRSS IR ISR, IR EN ST TR o W P
o, SRRENGEEMAHFENRS, MEMEEERigpET
BEMETNE/N, BHSEHENAE, BLIERMELBELE |
MZREME—SFFih. IABEERERERLYE. ReTg| ¢+ |
T, HLUEE BRI INGRAE, MATRIERLEMFRE R e e i d
B et e R
S5BRHEES, FRAEBGE. RUTLK. B HEBR. | |

R M S HIHE R RS0, | - =

_______




Thermal-siphon loop experiment (two phase Nitrogen)
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summary

 Field design and optimization (cost reduction)
* Coil configuration options
* Field homogeneity in the tracking volume
 Stray field distribution
* Iron yoke configuration

* Superconductor:
* Rutherford cable development (RRR value and current loss)

* Cryogenics:

* Thermal-siphon experiment (results)

Thanks!
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