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3. Evaluation of critical current and homogeneity
Je (Jc) –B–T

every 2.9 km sampling

Ic distribution 

every 70 mm sampling

Evaluation as the Wind & Reacted magnet

two reels of 2.9-km long wires (Wire-C and Wire-D)

 The beam focusing magnet for Klystron use with NbTi wire

was operated with 6 kW AC plug power for cooling [1].

 MgB2 has 39 K as Tc [2] and great potentials to realize the

high-efficiency magnet for Klystron use [3].

 It is important to reduce the heat penetration from RT to

low temperature (superconducting coils) for high-efficiency,

and the current leads of the magnet should be finer [4].

 We need two reels of 2.9-km long MgB2 wires for power

saving, because the rated current is small as 57.1 A.

 In this paper, we made and have evaluated an 8-km long

MgB2 wire for high-efficiency klystron magnet.
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 The performances of the 8-km long MgB2 wire

were good enough for making klystron magnet

by Wind & React method.

 Next opportunity for another klystron magnet, 

we will make it by React & Wind method.

Q: Can the magnet be made by React & Wind ?

A: Yes, the critical bending radius is 137 mm [5].

200 mm

MgB2

Cu

Fe

Monel

®

Q: Can MgB2 magnets make higher magnetic field?

A: Yes, we can select carbon-added wire [6].

Wire preparation Cross-section

Separation of 8 km long MgB2 wire

O.D. = 0.67 mm

 Measured current-sharing-temperature, Tcs

of the magnet agreed well with the estimated

value from the short sample wire’s Ic-B-T.

 It means this wire has good homogeneity

across 2.9 km long x 2 reels.

rB: bending radius

e B-F-max: Max. strain on filaments1

10

100

1000

0 1 2 3 4 5 6

E
n

g
in

e
e
ri

n
g

J
c
,

J
e

(A
/m

m
2
)

Magnetic field, B (T)

B-end
C-end
D-end 1000

100

10

C
ri

ti
ca

l 
cu

rr
e
n

t 
d

e
n

si
ty

, 
J

c
(A

/m
m

2
)

30 K

25 K

20 K

w/o C dope
Short sample wire

0

20

40

60

80

100

120

140

0 1 2 3 4

C
ri

ti
c
a

l 
c
u

rr
e
n

t,
 I

c
(A

)

Magnetic field, B (T)

C-end

30 K

25 K

20 K
Operation

Short sample

wire

T = 0.38 B2 - 6.42 B + 35.93 

20

25

30

35

40

0 0.5 1 1.5 2 2.5 3 3.5 4

T
e
m

p
e
ra

tu
re

, 
T

(K
)

Magnetic field, B (T) 

Fitting curve at Ic = 57.1 A

Bmax = 1.06 T

at  Iop = 57.1 A

Short sample wire  

(Ic= 57.1 A)

Klystron magnet

Current sharing temperature,

Tcs was estimated as 29.5 K

Load line vs Ic-B-T Tcs estimation at 57.1 A

Measured Tcs

Ic measurement of sample wires bent at R.T.

0 5 10 15 20 25

Current (A)

rB = 137 mm, e B-F-max = 0.19%

rB = 125 mm, e B-F-max = 0.21%

rB = 115 mm, e B-F-max = 0.23%

Non-bent

0
.5

 m
V

(1
 m

V
/c

m
)

600 ℃, 6 hr, 4.2 K, 7 T

V
o

lt
a

g
e

Jc-B-T comparison between carbon-added wire vs pure wire

100

1,000

10,000

0 1 2 3 4 5

J
c

(A
/m

m
2
)

B (T)

20 K

10K

Magnetic Jc

Pure
C24H12 added (3%)

Practical Jc15 K

20

22

24

26

28

30

32

34

36

0 10 20 30 40 50 60 70
Operating current, Iop (A)

Estimated

Measured

Rated current

57.1 A

Temperature

margin

C
u
rr

e
n
t 

sh
a
ri

n
g
 t

e
m

p
.,
 T

c
s
(K

)


