
 
 

H
elica

l U
n

d
u

la
to

r M
a

g
n

etic F
ield

 
in

 B
M

A
D



 
 

S
.H

. K
im

, M
a

g
n

etic F
ield

 A
n

a
lysis o

f H
elica

l U
n

d
u

la
to

rs, A
N

L
/A

P
S

/L
S

-3
3
1

l
 =

 1
2

 m
m

r
0  =

 3
.1

5
 m

m

b
 =

 3
.8

4
 m

m
a=

0
.5

÷
5

.9
9

 m
m

j =
 1

 k
A

/m
m

2

n
=

1
 (th

e o
n
ly

 n
o
n

-
v

an
ish

in
g

 term
s o

n
 

th
e z-ax

is)

2



 
 

D
. S

eg
a

n
, T

h
e B

m
a

d
 R

eferen
ce M

a
n
u

a
l.

F
ield

 1

q
0 =

0

b
m =

B
0

F
ield

 2

q
0 =p

/2

b
m =

-i B
0

3



 
 

L
a
ttice file:

p
illb

o
x_

ca
v0

: em
_

field
, tra

ckin
g
_

m
eth

o
d

 =
 ru

n
g
e_

ku
tta

, m
a

t6
_

ca
lc_

m
eth

o
d
 =

 tra
ckin

g
, su

p
erim

p
o
se, 

field
_

ca
lc =

 field
m

a
p

, o
ffset =

 0
.6

, a
p

ertu
re =

 0
.0

8
8
2
6

3
4

8
2
9

5
0

1
6
1

5
9

, L
 =

 1
.2

,

 cylin
d

rica
l_

m
a

p
 =

 {
    m

 =
 1

,
    th

eta
0
_

a
zim

u
th

 =
 0

.0
,

    h
a
rm

o
n

ic =
 0

,
    d

z =
 0

.0
1
2

,
    ele_

a
n

ch
o
r_

p
t =

 cen
ter,

    field
_
sca

le =
 2

,
    e_

co
ef_

re =
 (0

.0
),

    e_
co

ef_
im

 =
 (0

.0
),

    b
_
co

ef_
re =

 (0
.0

9
2
3

2
9

5
),

    b
_
co

ef_
im

 =
 (0

.0
) }

p
illb

o
x_

ca
v1

: em
_

field
, tra

ckin
g
_

m
eth

o
d

 =
 ru

n
g
e_

ku
tta

, m
a

t6
_

ca
lc_

m
eth

o
d
 =

 tra
ckin

g
, su

p
erim

p
o
se, 

field
_

ca
lc =

 field
m

a
p

, o
ffset =

 0
.6

, a
p

ertu
re =

 0
.0

8
8
2
6

3
4

8
2
9

5
0

1
6
1

5
9

, L
 =

 1
.2

,

 cylin
d

rica
l_

m
a

p
 =

 {
    m

 =
 1

,
    th

eta
0
_

a
zim

u
th

 =
 1

.5
7
0

7
9

6
3
2

6
7
9

4
8

9
6
5

,
    h

a
rm

o
n

ic =
 0

,
    d

z =
 0

.0
1
2

,
    ele_

a
n

ch
o
r_

p
t =

 cen
ter,

    field
_
sca

le =
 2

,
    e_

co
ef_

re =
 (0

.0
),

    e_
co

ef_
im

 =
 (0

.0
),

    b
_
co

ef_
im

 =
 (0

.0
9

2
3
2

9
5

),
    b

_
co

ef_
re =

 (0
.0

) }

4



 
 

C
o

n
tro

l p
lo

ts

B
 field

 o
n

 z-ax
is, (x

→
0
, y

→
0

)

5



 
 

C
o

n
tro

l p
lo

ts

6



 
 

C
o

n
tro

l p
lo

ts

T
h
e m

ag
n

etic field
 o

f th
e h

elical 
u

n
d

u
lato

r in
 B

M
A

D
 is in

 g
o

o
d

 
ag

reem
en

t w
ith

 th
e B

-field
 

calcu
lated

 b
y

 fo
rm

u
las (n

=
1

).

N
ex

t p
ag

es sh
o

w
 th

e n
ex

t term
 

(n
>

1
) co

n
trib

u
tio

n
s v

s rad
iu

s 
(av

erag
ed

 o
v

er z).

7



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
r [mm]

0

0.2

0.4

0.6

0.8

1

/B
_t

ot
al

>
1

<B

)o=45φ (total/B11-st order: B )o=45φ (total/B11-st order: B



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
r [mm]

19−10

18−10

17−10

/B
_t

ot
al

>
2

<B

)o=45φ (total/B22-nd order: B )o=45φ (total/B22-nd order: B



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
r [mm]

6−10

5−10

4−10

3−10

2−10

1−10

/B
_t

ot
al

>
3

<B

)o=45φ (total/B33-rd order: B )o=45φ (total/B33-rd order: B



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
r [mm]

24−10

23−10

22−10

21−10

20−10

19−10

18−10

17−10

/B
_t

ot
al

>
4

<B

)o=45φ (total/B44-th order: B )o=45φ (total/B44-th order: B



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
r [mm]

11−10

10−10

9−10

8−10

7−10

6−10

5−10

4−10

3−10

2−10

/B
_t

ot
al

>
5

<B

)o=45φ (total/B55-th order: B )o=45φ (total/B55-th order: B



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
r [mm]

30−10

29−10

28−10

27−10

26−10

25−10

24−10

23−10

22−10

21−10

20−10

19−10

18−10

/B
_t

ot
al

>
6

<B

)o=45φ (total/B66-th order: B )o=45φ (total/B66-th order: B



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
r [mm]

17−10

16−10

15−10

14−10

13−10

12−10

11−10

10−10

9−10

8−10

7−10

6−10

5−10

4−10

3−10

/B
_t

ot
al

>
7

<B

)o=45φ (total/B77-th order: B )o=45φ (total/B77-th order: B



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
r [mm]

35−10

34−10

33−10

32−10

31−10

30−10

29−10

28−10

27−10

26−10

25−10

24−10

23−10

22−10

21−10

20−10

19−10

/B
_t

ot
al

>
8

<B

)o=45φ (total/B88-th order: B )o=45φ (total/B88-th order: B



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
r [mm]

23−10

21−10

19−10

17−10

15−10

13−10

11−10

9−10

7−10

5−10

/B
_t

ot
al

>
9

<B

)o=45φ (total/B99-th order: B )o=45φ (total/B99-th order: B



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
r [mm]

41−10

39−10

37−10

35−10

33−10

31−10

29−10

27−10

25−10

23−10

21−10

/B
_t

ot
al

>
10

<B

)o=45φ (total/B1010-th order: B )o=45φ (total/B1010-th order: B



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
r [mm]

28−10

26−10

24−10

22−10

20−10

18−10

16−10

14−10

12−10

10−10

8−10

6−10

/B
_t

ot
al

>
11

<B

)o=45φ (total/B1111-th order: B )o=45φ (total/B1111-th order: B



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
r [mm]

46−10

44−10

42−10

40−10

38−10

36−10

34−10

32−10

30−10

28−10

26−10

24−10

22−10

20−10

/B
_t

ot
al

>
12

<B

)o=45φ (total/B1212-th order: B )o=45φ (total/B1212-th order: B



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
r [mm]

33−10

30−10

27−10

24−10

21−10

18−10

15−10

12−10

9−10

6−10

/B
_t

ot
al

>
13

<B

)o=45φ (total/B1313-th order: B )o=45φ (total/B1313-th order: B



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
r [mm]

51−10

48−10

45−10

42−10

39−10

36−10

33−10

30−10

27−10

24−10

21−10

/B
_t

ot
al

>
14

<B

)o=45φ (total/B1414-th order: B )o=45φ (total/B1414-th order: B



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
r [mm]

39−10

36−10

33−10

30−10

27−10

24−10

21−10

18−10

15−10

12−10

9−10

6−10

/B
_t

ot
al

>
15

<B

)o=45φ (total/B1515-th order: B )o=45φ (total/B1515-th order: B



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
r [mm]

56−10

53−10

50−10

47−10

44−10

41−10

38−10

35−10

32−10

29−10

26−10

23−10

/B
_t

ot
al

>
16

<B

)o=45φ (total/B1616-th order: B )o=45φ (total/B1616-th order: B



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
r [mm]

43−10

39−10

35−10

31−10

27−10

23−10

19−10

15−10

11−10

7−10

/B
_t

ot
al

>
17

<B

)o=45φ (total/B1717-th order: B )o=45φ (total/B1717-th order: B



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
r [mm]

61−10

57−10

53−10

49−10

45−10

41−10

37−10

33−10

29−10

25−10

/B
_t

ot
al

>
18

<B

)o=45φ (total/B1818-th order: B )o=45φ (total/B1818-th order: B



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
r [mm]

49−10

45−10

41−10

37−10

33−10

29−10

25−10

21−10

17−10

13−10

9−10

/B
_t

ot
al

>
19

<B

)o=45φ (total/B1919-th order: B )o=45φ (total/B1919-th order: B



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
r [mm]

67−10

63−10

59−10

55−10

51−10

47−10

43−10

39−10

35−10

31−10

27−10

23−10

/B
_t

ot
al

>
20

<B

)o=45φ (total/B2020-th order: B )o=45φ (total/B2020-th order: B


