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Schedule
• Done/Do by magnet team

– FFAG consists of 12 magnets

– 6 magnets were constructed
– Their magnetic field measurements were finished
– Others are constructing and their measurement are preparing

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12

Construction 12 Yokes and 6 pair of coil
Phase #1

Measurements of 6 magnets

Construction 6 pair of coil
Phase #2

Preparing equipment Remaing Measurements

Setup Alignment

20022001
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Return-Yoke Free Magnet
• Our developing magnet structure

– Removing a return yoke of central pole

– Main magnetic flux generated by a central coil provide not
only a focusing field in a central pole itself but also a
defocusing field in side poles

“Return-Yoke Free”
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Magnet for 150MeV FFAG
• Design and picture

)54104475(

540021)(

)44754300(
079.90)4475(156.0)(

75.7

2

1

<<







=

<<
+−×−=

r
r

Fhalfgap

r
rFhalfgap

)54004900(

57.949009.39)(

)49004500(

540020)(

)45004300(
079.90)4475(156.0)(

555.11

3

32.9

2

1

<<

+





=

<<







=

<<
+−×−=

r
r

Dhalfgap

r
r

Dhalfgap

r
rDhalfgap

k-value = 7.6



2002/02/14 FFAG Accelerator Workshop - FFAG '02 6

Magnetic Field Measurement
• In order to check a consistency with our design

and a feasibility for 150MeV FFAG
• Recent measurement has been done

– 1D magnetic field on median plane
• Magnetic fields vs. F/D coil currents
• Comparison between data and calculation
• Consistency between one and others

• Next measurements is in preparing
– 3D magnetic field in a gap

• Detail information of magnetic field
• Higher resolution than traditional and previous one
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Recent Measurement
• Condition

F coil D coil
125MeV 910A 780A
150MeV 1168A 560A Y

X

Y::
-300←step50→450

X::-1150←
step10→

100East Counter Hall
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Recent Measurement
• Setup

Item
Magnet Field Hole Probe ＋Teslameter

DTM-141（Group3）
Position 2D Movable Stand　(Kozu Inc.)
Temperature Thermocouple

＋Digital Multimeter
TR2114（ADVANTEST）

Currnet Constant Current Supply
(Hitachi LTD）

+ Digital Multimeter Magnet

2D Movable Stand

CurrentCurrent

Teslameter

Probe

TemperatureTemperature

Multimeter

PositionPosition

Magnetic FieldMagnetic Field

LabView
Power Supply

2D Movable Stand
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Recent Measurement
• Results

– 1D magnetic fields of 6 magnets are measured on 2 setups of
coil current

Magnetic Field on No1 @ 125MeV
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Magnetic Field on No1 @ 150MeV
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R dependence @ F-Pole Centre / 125MeV

TOSCA
Data

R<-Y (mm)

y = m3*(x+ped)^m1
ErrorValue

0.0726717.5941m1 
4.595e-257.2971e-25m3 

NA1.503e+05kai^2
NA0.99944R

y = m3*(x+ped)^m1
ErrorValue

0.0864257.5935m1 
5.5633e-257.4226e-25m3 

NA69241kai^2
NA0.99963R

1000

104

105

-400 -200 0 200 400 600

R dependence @ F-Pole Centre / 150MeV

TOSCA
Data

R<-Y (mm)

y = m3*(x+ped)^m1
ErrorValue

0.0352047.5948m1 
2.565e-258.4013e-25m3 

NA15049kai^2
NA0.99994R

y = m3*(x+ped)^m1
ErrorValue

0.0523557.5977m1 
3.575e-257.8804e-25m3 

NA96675kai^2
NA0.99971R

R(Y)
Recent Measurement

• comparison of R-dependence on X=0

– K-value=7.6　is consistent between data and calculation
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Recent Measurement
• comparison on median plane

– A few % is different between data and calculation
– F+D coil currents are able to tune magnetic fields

Y

X
Comparison @ 150MeV
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Recent Measurement
• Magnetic fields vs. F+D coil currents

– The correlation is appeared due to the characteristic magnetic
circuit of “Return-Yoke Free Magnet”
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Recent Measurement
• Consistency between one and others

– Relative discrepancy ~0.3% is consistent with a resolution of
probe position ~1mm

Y

XCompilation between No1 and No12 @150MeV
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Next Measurement
• Motivation

– 3D magnetic field in a gap
– With higher resolution

• New equipment
– 3*1D probe holder

• Settle a exact place and angle
• Tunable rotating angle for calibration

Alighment 0.03% (0.2mm) 0.03% (0.2mm)
Position 0.15% (1.0mm) Kozu Inc -% (0.01mm) NSK Inc
Tilt angle 1.40% (±0.8deg) 3*1D probe 3.49% (±2deg) 3D probe
Magnetic Field 0.03% 3*1D probe 0.65% 3D probe

1.5%
↓ Calibrating probe tilt

0.1%

NextRecent Traditional

Total Accuracy

X
Y

Z

Tilt
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Next Measurement
• 3D probe holder

– The angle of tilt is consistent with a catalog specification
– With calibrating a tilt angle, the resolution gets higher

-1500

-1000

-500

0

500

1000

1500

0 5 10 15 20 25 30

CalibrationCalibrationCalibrationCalibration

Bz
By

Angle (arbitary)

y = m1*sin(m2*x+m3)
ErrorValue
0.36981050.2m1 

0.00195237.0507m2 
0.033035-6.3696m3 

NA35.633χ2

NA0.99999R

y = m1*cos(m2*x+m3)
ErrorValue

0.605731050.5m1 
0.00755257.0519m2 
0.10429-5.297m3 

NA42.625χ2

NA1R
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Summary
• 6 magnets of 12 were constructed. The remaining half

will have constructed by this spring
• 1D Magnetic field measurements of 6 magnets were

performed. These results are consistent with the
measurement resolution and probe a feasibility for
150MeV FFAG

• Next measurement of 3D magnetic field with a higher
resolution is ready to perform

• Magnet setup for ring is now considering


