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18.5A MeV< Ebeam < 250A MeV
For Heavy-Ion Collision Experiments
-Example of Reactions:

Central and peripheral collisions
50,54Ca + 40Ca, 68,70,72Ni + 58Ni, 106,112,124,130,132Sn + 112,118,124Sn,
96,100,104Ru(88,92,96Zr) + 96Ru(96Zr) ➔ when it is available

Not ScaledSolenoid Spectrometer Dipole Spectrometer
(rotatable, Δp = ± 20%, acceptance ≥ 50 msr, Focal plane < 1 m)

Optics calculation is on going for 
reducing the length of focal plane 

15 m away from target
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Based on OPERA-3D Calculation LAMPS Solenoid Requirement
•Cylindrical shape
•To cover TPC

(r = 0.5 m, l = 1.2 m) with 
homogeneous B-field

•Boperation: ~ 0.5 T
•Bmax.: ~ 1T
•ΔB/B < 2 %

3.2. Large Acceptance Spectrometer 151

and a normal operation value of ⇠ 0.5 Tesla. It is required homogeneous magnetic
field, especially the area of Time Projection Chamber (TPC) placed where ±60
cm of longitudinal direction and ±50 cm of radial direction from the center of
solenoid. The design of solenoid magnet aims to achieve the variation of magnetic
field �B/B is less than 2% at the vicinity of TPC placed inside magnet and it is
accomplished by the OPERA-3D [16] simulation package.

OPERA-3D Calculation

Basic Calculation Figure 3.37 shows the field map of the cylindrical solenoid
magnet of 2 m length and 1 m radius as calculated by OPERA-3D with a coil
thickness of 20 mm and a current density of 100 A/mm2 conditions. In the
calculation, the result shows a magnetic field of 1.76 Tesla at the center of solenoid
and the standard deviation of magnetic field of 6.5% at the area of TPC placed.

Figure 3.37 Calculated field map of cylindrical solenoid of 2 m length and 1 m
radius by OPERA-3D.

Adding Bump Coil Calculation In order to achieve more homogeneous
magnetic field at the area of TPC placed, bump shape coils are added at both ends
of solenoid in the OPERA-3D calculation. These bump shape coils are functioning
as Helmholtz coils.

Figure 3.38 shows an example with 10 cm height and 18 cm width bump coils
at both ends of solenoid with same condition of the basic OPERA-3D calculation.
The magnetic field inside solenoid can be optimized by varying height and width

Coil
•Length: 2 m
•Radius: 1m
•Thickness: 20 mm
•Current Density: 100 A/mm2

Magnetic Field at the center = 1.76 T
Standard deviation at TPC = 6.5%
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Figure 3.38 Same as Figure 3.37 with bump shape coils (height = 10 cm, width=
18 cm) at both ends of solenoid.

of bump coils and thus it can be minimized the variation of magnetic field �B/B
at the area of TPC placed.

(a) Optimization of Bump Coil. (b) Standard Deviation of Magnetic Field.

Figure 3.39 Optimization of width and height of bump coils at both ends of
solenoid and the standard deviation of magnetic field at the area of TPC placed.

Figure 3.39(a) shows the result of optimization of bump coils at both ends of
solenoid. Figure 3.39(b) shows the result of the standard deviation of magnetic
field at the area of TPC placed with optimized bump coils at both ends of solenoid.
From Figure 3.39, the width of bump coils are less than 10 cm when the height of
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Based on OPERA-3D Calculation LAMPS Solenoid Requirement
•Cylindrical shape
•To cover TPC

(r = 0.5 m, l = 1.2 m) with 
homogeneous B-field

•Boperation: ~ 0.5 T
•Bmax.: ~ 1T
•ΔB/B < 2 %

Coil
•Length: 2 m
•Radius: 1m
•Thickness: 20 mm
•Current Density: 100 A/mm2

Bump coils
•Act like Helmholtz coil 
•Varying height & width
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Figure 3.38 Same as Figure 3.37 with bump shape coils (height = 10 cm, width=
18 cm) at both ends of solenoid.

of bump coils and thus it can be minimized the variation of magnetic field �B/B
at the area of TPC placed.

(a) Optimization of Bump Coil. (b) Standard Deviation of Magnetic Field.

Figure 3.39 Optimization of width and height of bump coils at both ends of
solenoid and the standard deviation of magnetic field at the area of TPC placed.

Figure 3.39(a) shows the result of optimization of bump coils at both ends of
solenoid. Figure 3.39(b) shows the result of the standard deviation of magnetic
field at the area of TPC placed with optimized bump coils at both ends of solenoid.
From Figure 3.39, the width of bump coils are less than 10 cm when the height of

Standard Deviation < 1.5% 
with bump coil height > 20 cm

Bump coil height = 10 cm, width = 18 cm
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bump coils are more than 20 cm and the standard deviations of magnetic field at
the area of TPC placed are less than 1.5% within the condition of bump coil.

Adding Bump Coil and Return Yoke Calculation In order to achieve
homogeneous magnetic field at the area of TPC placed and consider to realistic
solenoid magnet, bump shape coils are added at both ends of solenoid and return
yoke is placed around coils and both ends of solenoid magnet at ±130 cm in
longitudinal direction in the OPERA-3D calculation.

Figure 3.40 Same as Figure 3.37 with bump shape coils (height = 10 cm, width=
9 cm) at both ends of solenoid and 15 cm thick return yoke around coils and both
ends of solenoid magnet at ±130 cm in longitudinal direction.

Figure 3.40 shows the example with 10 cm height and 9 cm width bump coils
at both ends of solenoid and 15 cm thick return yoke around coils and both ends
of solenoid magnet at ±130 cm of longitudinal direction with same condition of
the basic OPERA-3D calculation. One can optimize magnetic field inside solenoid
by varying height and width of bump coils as well as thickness of return yoke.

Figure 3.41 shows the result of the standard deviation of magnetic field with
varying height and width of bump coils at both ends of solenoid as well as thickness
of return yoke around coils and both ends of solenoid magnet at ±130 cm in
longitudinal direction. The results show that the standard deviation of magnetic
field at the area of TPC placed is decreased by increasing thickness of return yoke.
In addition to this, the standard deviation of magnetic field at the area of TPC
placed can be below 1% within a certain bump coil height range for a given width
of bump coil. In these OPERA-3D calculations, the magnetic field values were
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Based on OPERA-3D Calculation LAMPS Solenoid Requirement
•Cylindrical shape
•To cover TPC

(r = 0.5 m, l = 1.2 m) with 
homogeneous B-field

•Boperation: ~ 0.5 T
•Bmax.: ~ 1T
•ΔB/B < 2 %

Coil
•Length: 2 m
•Radius: 1m
•Thickness: 20 mm
•Current Density: 100 A/mm2

Bump coils
•Act like Helmholtz coil 
•Varying height & width

Return yoke
•Varying height & width

Bump coil height = 10 cm, width = 9 cm
Return yoke thickness = 15 cm
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Figure 3.41 Standard deviation of magnetic field with varying height and width
of bump coils at both ends of solenoid and changing thickness of return yoke around
coils and both ends of solenoid magnet at ±130 cm in longitudinal direction.

0.5 Tesla at the center of solenoid and maximum values of 0.8 ⇠ 0.9 Tesla inside
solenoid.

Table 3.6 Minimized standard deviation of magnetic field at the area of TPC
placed. Unit of bump coil width and return yoke thickness is cm.

Width of Bump Coil \ Thickness of Return Yoke 10 15 20

10 0.35 0.33 0.33

15 0.40 0.38 0.38

20 0.46 0.44 0.44

Table 3.6 shows the summary of achievable minimum standard deviation of
magnetic field at the area of TPC placed.

Minimum Standard Deviation: 0.33% - 0.46%
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Total size: 2.6 x 2.6 m2

•Cylindrical shape
•To cover TPC
(r = 0.5 m, l = 1.2 m) with 
homogeneous B-field

•Boperation: ~ 0.5 T
•Bmax.: ~ 1T
•ΔB/B < 2 %

Solenoid design

TPC TPC

Deviation of magnetic field

•Solenoid magnet design is completed (Need to figure out production feasibility)
!Communicate with domestic and foreign magnet companies
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~ 2.1 M USD

순 번 단 위 수 량 단  가 금  액 비  고

1 set 1 1,596,030,000 1,596,030,000 

2 % 10 159,603,000 

1,755,633,000 

 

견     적      서

IBS 주 식 회 사    금 룡 테 크 

504-81-26160김영진 연구원님 귀하

 V.A.T.

천단위미만절삭 (-0)

1. 납          기 :  계약후 15개월

2. 견적 유효일 : 견적 발송일로 부터 15일

대구광역시 북구 노원3가 210-1 번지제  작  명 : Solenoid magnet 제작.

3. 지 불  조 건 : 선수금        %, 중도금        %, 잔금        %

(\₩1,755,633,000)

www.krtech.co.kr / info@krtech.co.kr

대표이사  김  춘  식  (인)

4. 비          고 : 제출 후 30일 후는 견적 무효임

견적금액 : 금일십칠억오천오백육십삼만삼천원정.

TEL : 053) 352-7333  FAX : 053)352-6335

제 출 일 : 2013년 9월 27일

TEL:054)279-1812, 1825 FAX:054)279-1299V.A.T 포함
포항시 남구 효자동 산 31 포항가속기연구소內

TOTAL

모 델 명  및  규 격

 Solenoid Magnet
 - 0.6 Tesla
 - ID:1800, OD:2500 L:3080
 - Weight : 70 ton

QP-072-01 1 / 2 (주) 금룡테크

~ 1.7 M USD

Superconducting
R&D: at least 1 year
Production: 500 days

Normal
R&D: at least 1 year
Production: 15 months
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•Contact foreign magnet production company
•Make a decision about magnet option
  (superconducting or normal conducting) in 2014
•Selection most promising company for R&D in 2015
•Start to produce from 2017
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Thank for your attention!


