
C
C
F
E
 i
s
 t
h
e
 f
u
s
io
n
 r
e
s
e
a
rc
h
 a
rm

 o
f 
th
e
 U
n
it
e
d
 K
in
g
d
o
m
 A
to
m
ic
 E
n
e
rg
y
 A
u
th
o
ri
ty

S
a
w
to
o
th
 C
o
n
tr
o
l

1
 E
U
R
A
T
O
M
/C
C
F
E
 F
u
s
io
n
 A
s
s
o
c
ia
ti
o
n
, 
C
u
lh
a
m
 S
c
ie
n
c
e
 C
e
n
tr
e
, 
O
x
o
n
, 
U
K

2
 C
R
P
P
, 
A
s
s
o
c
ia
ti
o
n
E
U
R
A
T
O
M
/C
o
n
fé
d
é
ra
ti
o
n
 S
u
is
s
e
, 
E
P
F
L
, 
1
0
1
5
 L
a
u
s
a
n
n
e
, 
S
w
it
z
e
rl
a
n
d

3
P
P
P
L
, 
P
ri
n
c
e
to
n
 U
n
iv
e
rs
it
y
, 
P
O
 B
o
x
 4
5
1
, 
P
ri
n
c
e
to
n
, 
N
J
 0
8
5
4
3
, 
U
S
A

4
M
P
I 
fu
r 
P
la
s
m
a
p
h
y
s
ik
, 
E
U
R
A
T
O
M
-A
s
s
 D
-8
5
7
4
8
 G
a
rc
h
in
g
, 
G
e
rm

a
n
y

5
A
s
s
o
c
ia
ti
o
n
 E
U
R
A
T
O
M
/V
R
, 
E
E
S
, 
K
T
H
, 
S
to
c
k
h
o
lm
, 
S
w
e
d
e
n

6
A
s
s
o
c
ia
ti
o
n
 E
U
R
A
T
O
M
/F
Z
 J
ü
lic
h
, 
IP
P
, 
D
-5
2
4
2
5
 J
ü
lic
h
, 
G
e
rm

a
n
y

7
 J
E
T
-E
F
D
A
, 
C
u
lh
a
m
 S
c
ie
n
c
e
 C
e
n
tr
e
, 
O
X
1
4
 3
D
B
, 
A
b
in
g
d
o
n
, 
U
K

8
 E
U
R
A
T
O
M
/V
R
, 
P
O
 B
o
x
 5
1
5
, 
U
p
p
s
a
la
 U
n
iv
e
rs
it
y
, 
S
E
-7
5
1
 2
0
, 
S
w
e
d
e
n

* 
S
e
e
 t
h
e
 A
p
p
e
n
d
ix
 o
f 
F
 R
o
m
a
n
e
lli
e
t 
a
l.
, 
IA
E
A
 F
E
C
 G
e
n
e
v
a
 2
0
0
8

T
h
is
 w
o
rk
 w
a
s
 p
a
rt
ly
 f
u
n
d
e
d
 b
y
 U
K
 E
P
S
R
C
 a
n
d
 E
U
R
A
T
O
M
. 
T
h
e
 w
o
rk
 w
a
s
 p
a
rt
ly
 c
a
rr
ie
d
 o
u
t 
w
it
h
in
 t
h
e
 

fr
a
m
e
w
o
rk
 o
f 
th
e
 E
u
ro
p
e
a
n
 F
u
s
io
n
 D
e
v
e
lo
p
m
e
n
t 
A
g
re
e
m
e
n
t

S
D
 P
in
c
h
e
s
1

IT
 C
h
a
p
m
a
n
1
,
J
P
 G
ra
v
e
s
2
, 
R
V
 B
u
d
n
y
3
, 
V
G
 I
g
o
c
h
in
e
4
, 
I 
J
e
n
k
in
s
1
, 
T
 J
o
h
n
s
o
n
5
, 
  
  
  

H
R
 K
o
s
lo
w
s
k
i6
, 
M
 L
e
n
n
h
o
lm

7
, 
Y
 L
ia
n
g
6
, 
M
 M
a
ra
s
c
h
e
k
4
, 
G
 T
a
rd
in
i4
,

M
 T
u
rn
y
a
n
s
k
iy
1
, 
C
 W
a
h
lb
e
rg

8
,
th
e
 A
S
D
E
X
 U
p
g
ra
d
e
, 
M
A
S
T
 &
 T
E
X
T
O
R
 T
e
a
m
s
 

a
n
d
 J
E
T
-E
F
D
A
 C
o
n
tr
ib
u
to
rs
*



22
/3
8

/3
8

W
h
y
 d
o
 w
e
 n
e
e
d
 t
o
 c
o
n
tr
o
l 
s
a
w
te
e
th
?

W
h
y
 d
o
 w
e
 n
e
e
d
 t
o
 c
o
n
tr
o
l 
s
a
w
te
e
th
?

•
L
o
n
g
 P
e
ri
o
d
 S
a
w
te
e
th

h
a
v
e
 b
e
e
n
 

s
h
o
w
n
 t
o
 t
ri
g
g
e
r 
N
e
o
-c
la
s
s
ic
a
l 
T
e
a
ri
n
g
 

M
o
d
e
s
(N
T
M
s
)

–
L
o
n
g
S
a
w
te
e
th
 →

N
T
M
s

–
S
h
o
rt
S
a
w
te
e
th
 →

A
v
o
id
 N
T
M
s

T
im
e
 (
s
)

IC
R
H
/M

W

β βββ
Ν ΝΝΝ

N
B
I/
M
W

te
rm
in
a
ti
o
n

M
a
g
n
e
ti
c
s
: 
 

#
5
8
8
8
4
 o
n
ly

E
x
p
a
n
d
e
d
  
in

ti
m
e
: 
1
5
-1
8
s

2
/1

3
/2

4
/3

0

1
5
k
H
z

lo
n
g
 s
a
w
to
o
th

S
X
R
/a
.u
.

J
E
T

[B
u
tt
e
ry

, 
IA

E
A
 F
E
C

, 
E
X
/7

-1
, 
2
0
0
4
]

[S
a
u
te

r 
e
t 
a
l,
 P

R
L,
 8
8
, 
2
0
0
2
]

[B
u
tt
e
ry

, 
N
u
c
l
F
u
si
o
n
, 
4
4
, 
2
0
0
4
]



33
/3
8

/3
8S
a
w
te
e
th
 a
re
 a
 b
ig
g
e
r 
p
ro
b
le
m
 i
n
 I
T
E
R

S
a
w
te
e
th
 a
re
 a
 b
ig
g
e
r 
p
ro
b
le
m
 i
n
 I
T
E
R

•
N
T
M
s
d
e
g
ra
d
e
 p
la
s
m
a
 c
o
n
fi
n
e
m
e
n
t 
o
r 
e
v
e
n
 c
a
u
s
e
 

te
rm
in
a
ti
o
n
s

IT
ER
 w
ill
 h
a
ve
 lo
ts
 o
f 
fu
si
o
n
-b
o
rn
 

a
lp
h
a
 p
a
rt
ic
le
s 
in
 t
h
e
 c
o
re

Lo
n
g
 s
a
w
to
o
th
 p
e
rio
d
s

Tr
ig
g
e
r 
N
TM
s 
a
n
d
 c
a
u
se
 

c
o
n
fin
e
m
e
n
t 
d
e
g
ra
d
a
tio
n

K
e
e
p
 s
a
w
te
e
th
 

sm
a
ll 
a
n
d
 f
re
q
u
e
n
t

D
e
lib
e
ra
te
ly
 s
ta
b
ili
se
 

sa
w
to
o
th
 s
o
 it
’s
 lo
n
g
e
r 
th
a
n
 

th
e
 p
u
ls
e
 –
is
 t
h
is
 p
o
ss
ib
le
?



44
/3
8

/3
8

O
u
tl
in
e
 

O
u
tl
in
e
 ––
S
a
w
to
o
th
 C
o
n
tr
o
l

S
a
w
to
o
th
 C
o
n
tr
o
l

•
M
o
ti
v
a
ti
o
n

–
S
a
w
te
e
th
 c
a
n
 t
ri
g
g
e
r 
N
e
o
-C
la
s
s
ic
a
l 
T
e
a
ri
n
g
 M

o
d
e
s
 (
N
T
M
s
)

–
M
e
th
o
d
s
 f
o
r 
S
a
w
to
o
th
 C
o
n
tr
o
l 

•
D
e
v
e
lo
p
m
e
n
ts
 i
n
 o
u
r 
u
n
d
e
rs
ta
n
d
in
g
 o
f 
s
a
w
to
o
th
 s
ta
b
il
it
y

–
C
o
/C
o
u
n
te
r 
N
B
I 
E
x
p
e
ri
m
e
n
ts
 o
n
 J
E
T
, 
M
A
S
T
 a
n
d
 T
E
X
T
O
R

–
E
ff
e
c
t 
o
f 
p
a
s
s
in
g
 i
o
n
s
 a
n
d
 s
h
e
a
re
d
 f
lo
w
s

•
S
a
w
to
o
th
 C
o
n
tr
o
l 
U
s
in
g
 O
ff
-a
x
is
 C
o
-N
B
I

–
E
x
p
e
ri
m
e
n
ts
 o
n
 J
E
T
, 
M
A
S
T
 a
n
d
 A
S
D
E
X
 U
p
g
ra
d
e

•
S
a
w
to
o
th
 C
o
n
tr
o
l 
U
s
in
g
 I
C
R
H

–
E
x
p
la
in
e
d
 b
y
 k
in
e
ti
c
 e
ff
e
c
ts
. 
E
x
p
e
ri
m
e
n
ts
 o
n
 J
E
T

•
S
a
w
to
o
th
 C
o
n
tr
o
l 
U
s
in
g
 E
C
C
D

–
C
u
rr
e
n
t 
d
ri
v
e
 e
ff
e
c
t.
 E
x
p
e
ri
m
e
n
ts
 o
n
 A
U
G
 a
n
d
 T
o
re
 S
u
p
ra

•
S
a
w
to
o
th
 C
o
n
tr
o
l 
in
 I
T
E
R



55
/3
8

/3
8

W
h
e
n
 w
il
l 
a
 s
a
w
to
o
th
 c
ra
s
h
 h
a
p
p
e
n
?

W
h
e
n
 w
il
l 
a
 s
a
w
to
o
th
 c
ra
s
h
 h
a
p
p
e
n
?

•
S
a
w
to
o
th
 i
s
 t
ri
g
g
e
re
d
 w
h
e
n
 o
n
e
 o
f 
fo
ll
o
w
in
g
 c
ri
te
ri
a
 i
s
 m
e
t

[P
o
rc
e
lli
e
t 
a
l,
 P
P
C
F
, 
3
8
, 
2
1
6
3
 (
1
9
9
6
)]

–
R
e
s
is
ti
v
e
 i
n
s
ta
b
ili
ty
:

1
1ˆ

r
c

sW
ρ ρρρ

δ δδδ
π πππ

ρ ρρρ
< <<<

C
h
a
n
g
e
 in
 p
o
te
n
tia
l e
n
e
rg
y
 

o
f 
in
te
rn
a
l k
in
k
 m
o
d
e

Io
n
 L
a
rm
o
r
ra
d
iu
s

R
a
d
iu
s 
o
f 
q
=
1 
su
rf
a
c
e

M
a
g
n
e
tic
 s
h
e
a
r 
a
t 
q
=
1 
su
rf
a
c
e

•
S
o
 a
 s
a
w
to
o
th
 c
ra
s
h
 o
c
c
u
rs
 w
h
e
n
:

–
T
h
e
 p
o
te
n
ti
a
l 
e
n
e
rg
y
 o
f 
th
e
 k
in
k
 m
o
d
e
 

is
 s
u
ff
ic
ie
n
tl
y
 s
m
a
ll

–
T
h
e
 m

a
g
n
e
ti
c
 s
h
e
a
r 
a
t 
q
=
1
 i
s
 

s
u
ff
ic
ie
n
tl
y
 l
a
rg
e

q

r

1

r 1

~
s 1

–
Id
e
a
l 
In
s
ta
b
ili
ty
:

2

ˆ
*

1

A
i

sW
τ τττ

ω ωωω
δ δδδ

π πππ
− −−−

< <<<



66
/3
8

/3
8

H
o
w
 c
a
n
 w
e
 c
o
n
tr
o
l 
s
a
w
te
e
th
?

H
o
w
 c
a
n
 w
e
 c
o
n
tr
o
l 
s
a
w
te
e
th
?

Sa
w
to
o
th

C
o
n
tr
o
l

Fa
st
 

R
o
ta
tio
n

H
e
a
tin
g
 

D
e
p
o
si
tio
n

U
n
b
a
la
n
c
e
d
 

p
a
ss
in
g
 f
a
st
 

io
n
s

q
 >
 1

Tr
a
p
p
e
d
 f
a
st
 

io
n
s

Lo
c
a
lis
e
d
 

c
u
rr
e
n
t 

d
ri
ve

Pl
a
sm
a
 

Sh
a
p
in
g

•
T
w
o
 m
a
in
 t
e
c
h
n
iq
u
e
s
: 

–
D
ri
v
e
 c
u
rr
e
n
t 
n
e
a
r 
q
=
1
 s
u
rf
a
c
e
 t
o
 c
h
a
n
g
e
 m
a
g
n
e
ti
c
 s
h
e
a
r

–
In
tr
o
d
u
c
e
 e
n
e
rg
e
ti
c
 i
o
n
s
 t
o
 c
h
a
n
g
e
 m
o
d
e
 p
o
te
n
ti
a
l 
e
n
e
rg
y



77
/3
8

/3
8

M
o
d
e
ll
in
g
 S
a
w
to
o
th
 S
ta
b
il
it
y

M
o
d
e
ll
in
g
 S
a
w
to
o
th
 S
ta
b
il
it
y

•
M
o
d
e
l 
S
ta
b
il
it
y
 o
f 
n
=
1
 i
n
te
rn
a
l 
k
in
k
 m
o
d
e

H
A
G
IS

M
IS
H
K
A
-F

H
EL
EN
A

Fa
st
 p
a
rt
ic
le
 

d
is
tr
ib
u
tio
n
 

fu
n
c
tio
n

TR
A
N
SP

Eq
u
ili
b
ri
u
m
 

c
o
n
fig
u
ra
tio
n

Ei
g
e
n
fu
n
c
tio
n

W
a
ve
 &
 P
a
rt
ic
le
 

Ev
o
lu
tio
n

δ
W
M
H
D

δ
W
h

(1
)

(3
)

(2
)

(4
)

(1
)
H
u
y
sm

a
n
s 
e
t 
a
l, 
C
P
9
0
 C
o
n
f 
o
n
 C
o
m
p
u
t
P
h
y
s,
 p

3
7
1
 (
1
9
9
0
)

(2
)
C

h
a
p
m

a
n
 e

t 
a
l,
 P
h
y
s 
P
la
sm
a
s,
 1
3
, 
0
6
2
5
1
1
 (
2
0
0
6
)

(3
)
B
u
d
n
y
 e

t 
a
l, 
N
u
c
l
F
u
si
o
n
, 
3
2
, 
4
2
9
 (
1
9
9
2
)

(4
)
P
in

c
h
e
s 
e
t 
a
l, 
C
o
m
p
u
t
P
h
y
s 
C
o
m
m
u
n
, 
1
1
1
, 
1
3
3
 (
1
9
9
8
)



88
/3
8

/3
8

S
a
w
to
o
th
 C
o
n
tr
o
l

S
a
w
to
o
th
 C
o
n
tr
o
l

•
M
o
ti
v
a
ti
o
n

–
S
a
w
te
e
th
 c
a
n
 t
ri
g
g
e
r 
N
e
o
-C
la
s
s
ic
a
l 
T
e
a
ri
n
g
 M

o
d
e
s
 (
N
T
M
s
)

–
M
e
th
o
d
s
 f
o
r 
S
a
w
to
o
th
 C
o
n
tr
o
l

•
D
e
v
e
lo
p
m
e
n
ts
 i
n
 o
u
r 
u
n
d
e
rs
ta
n
d
in
g
 o
f 
s
a
w
to
o
th
 s
ta
b
il
it
y

–
C
o
/C
o
u
n
te
r 
N
B
I 
E
x
p
e
ri
m
e
n
ts
 o
n
 J
E
T
, 
M
A
S
T
 a
n
d
 T
E
X
T
O
R

–
E
ff
e
c
t 
o
f 
p
a
s
s
in
g
 i
o
n
s
 a
n
d
 s
h
e
a
re
d
 f
lo
w
s

•
S
a
w
to
o
th
 C
o
n
tr
o
l 
U
s
in
g
 O
ff
-a
x
is
 C
o
-N
B
I

–
E
x
p
e
ri
m
e
n
ts
 o
n
 J
E
T
, 
M
A
S
T
 a
n
d
 A
S
D
E
X
 U
p
g
ra
d
e

•
S
a
w
to
o
th
 C
o
n
tr
o
l 
U
s
in
g
 I
C
R
H

–
E
x
p
la
in
e
d
 b
y
 k
in
e
ti
c
 e
ff
e
c
ts
. 
E
x
p
e
ri
m
e
n
ts
 o
n
 J
E
T

•
S
a
w
to
o
th
 C
o
n
tr
o
l 
U
s
in
g
 E
C
C
D

–
C
u
rr
e
n
t 
d
ri
v
e
 e
ff
e
c
t.
 E
x
p
e
ri
m
e
n
ts
 o
n
 A
U
G
 a
n
d
 T
o
re
 S
u
p
ra

•
S
a
w
to
o
th
 C
o
n
tr
o
l 
in
 I
T
E
R



99
/3
8

/3
8

A
s
y
m
m
e
tr
y
 i
n
 N
B
I

A
s
y
m
m
e
tr
y
 i
n
 N
B
I --
h
e
a
te
d
 p
la
s
m
a
s

h
e
a
te
d
 p
la
s
m
a
s

C
o
-N
B
I

C
o
u
n
te
r-
N
B
I

M
A
ST

C
h
a
p
m

a
n
 e

t 
a
l,
 

N
u
c
l
F
u
si
o
n
, 
4
6
, 
2
0
0
6

Sawtooth Period (ms)

1
03
0

2
0

N
B
I 
Po
w
e
r 
(M
W
)

-2
-1

0
1

2

N
a
v
e
 e

t 
a
l, 
P
h
y
s 

P
la

sm
a
s,
 1
3
, 
2
0
0
6

JE
T

Sawtooth Period (ms)

5
0

1
0
0

1
5
0

2
0
0

2
5
0

N
B
I 
Po
w
e
r 
(M
W
)

1
0

5
-1
0

-5
0

N
B
I 
Po
w
e
r 
(M
W
)

0
-1

1

Sawtooth Period (ms)

4
0 3
0

2
0 1
0 0

TE
X
TO
R

C
h
a
p
m

a
n
 e

t 
a
l,
 

N
u
c
l
F
u
si
o
n
, 
4
8
, 

2
0
0
8

•
C
o
 v
 C
o
u
n
te
r 
S
tu
d
ie
s

–
A
s
y
m
m
e
tr
ic
 

b
e
h
a
v
io
u
r

–
M
in
im
u
m
 i
s
 n
o
t 
in
 

O
h
m
ic
p
la
s
m
a
s

4
0



1
0
1
0
/3
8

/3
8

S
ta
b
il
it
y
 o
f 

S
ta
b
il
it
y
 o
f 
nn
=
1
 k
in
k
 m
o
d
e
 a
t 
fi
n
it
e
 i
o
n
 d
ia
m
a
g
n
e
ti
s
m

=
1
 k
in
k
 m
o
d
e
 a
t 
fi
n
it
e
 i
o
n
 d
ia
m
a
g
n
e
ti
s
m

•
M
o
d
e
ll
e
d
 t
h
e
 e
ff
e
c
t 
o
f 
to
ro
id
a
l 
fl
o
w
 o
n
 t
h
e
 i
d
e
a
l 
n
=
1
 i
n
te
rn
a
l 
k
in
k
 

m
o
d
e
 w
it
h
 f
in
it
e
 i
o
n
 d
ia
m
a
g
n
e
ti
c
 f
re
q
u
e
n
c
y
 i
n
 M
A
S
T
:

C
h
a
p
m

a
n
 e

t 
a
l,
 

N
F
, 
4
6
, 
2
0
0
6

JE
T C

o
-N
B
I

C
o
u
n
te
r-
N
B
I

ω ωωω
*i

i
*
ω̂ ωωω

i
*ω̂ ωωω
i
*
ω̂ ωωω



1
1
1
1
/3
8

/3
8

M
o
d
e
ll
in
g
 s
a
w
to
o
th
 s
ta
b
il
it
y
 w
it
h
 f
lo
w
 i
n
 M
A
S
T

M
o
d
e
ll
in
g
 s
a
w
to
o
th
 s
ta
b
il
it
y
 w
it
h
 f
lo
w
 i
n
 M
A
S
T

To
ro
id
a
l v
e
lo
c
it
y
 a
t 
w
h
ic
h

q
 =
 1
 r
a
d
iu
s 
fo
r 
m
a
rg
in
a
l 

st
a
b
ili
ty
is
 m
in
im
is
e
d
 

a
g
re
e
s 
w
it
h
 m
in
im
u
m
 i
n
 

sa
w
to
o
th
 p
e
ri
o
d

E
x
p
e
ri
m
e
n
ta
l 
d
a
ta

M
IS
H
K
A
-F
 m
o
d
e
lli
n
g

–
A
s
 s
a
w
to
o
th
 p
e
ri
o
d
, 
τ s

t, 
in
c
re
a
s
e
s
, 
ra
d
ia
l 
lo
c
a
ti
o
n
 o
f 
q
 =
 1
 i
n
c
re
a
s
e
s

–
M
a
rg
in
a
lly
 s
ta
b
le
 q
 =
 1
 r
a
d
iu
s
 e
x
p
e
c
te
d
 t
o
 c
o
rr
e
la
te
 w
it
h
 τ

s
t

[C
h
a
p
m

a
n
 e

t 
a
l,
 N

u
c
l
F
u
si
o
n
, 
4
6
, 
2
0
0
6
]

•
K
in
k
 m
o
d
e
 s
ta
b
il
is
e
d
 b
y
 s
tr
o
n
g
 t
o
ro
id
a
l 
ro
ta
ti
o
n

q

r

1

r(
q
=
1
)

tM
a
rg
in
a
lly
 

st
a
b
le
 q
=
1
 

ra
d
iu
s



1
2
1
2
/3
8

/3
8

3
.2

3
.4

3
.6

3
.8

R
ad

iu
s 

(m
)

0

1
0

2
0

3
0

4
0

Toroidal Rotation Frequency (krad/s)

C
o
u
n
te

r-
N

B
I 

(S
h
o
t 

5
9
8
0
9
, 
t=

6
5
.1

4
s)

C
o
-N

B
I 

(S
h
o
t 

6
0
9
9
8
, 
t=

6
6
.4

s)

J
E
T
 R
o
ta
ti
o
n
 P
ro
fi
le
s

J
E
T
 R
o
ta
ti
o
n
 P
ro
fi
le
s

(R
o
ta
ti
o
n
 P
ro
fi
le
s
 f
ro
m
 C
h
a
rg
e
 E
x
c
h
a
n
g
e
)

–
M
u
c
h
 s
lo
w
e
r 

ro
ta
ti
o
n
 s
p
e
e
d
s
 t
h
a
n
 

M
A
S
T
, 
o
n
ly
 s
m
a
ll 

e
ff
e
c
t 
o
n
 s
ta
b
ili
ty
 o
f 

k
in
k
 m
o
d
e

–
S
tr
o
n
g
 f
lo
w
 s
h
e
a
r
a
t 

ra
d
ia
l 
lo
c
a
ti
o
n
 o
f 

q
=
1
 (
c
o
m
p
a
re
d
 t
o
 

M
A
S
T
)

•
T
o
ro
id
a
l 
R
o
ta
ti
o
n
 i
s
 a
n
 o
rd
e
r 
o
f 
m
a
g
n
it
u
d
e
 s
m
a
ll
e
r 
th
a
n
 M
A
S
T

JE
T

A
t 
sl
o
w
e
r 
fl
o
w
s,
 w
h
a
t 

c
a
u
se
s 
th
e
 a
sy
m
m
e
tr
y
 

in
 s
a
w
to
o
th
 p
e
ri
o
d
 in
 

J
E
T 
e
x
p
e
ri
m
e
n
ts
?



1
3
1
3
/3
8

/3
8

-1
-0

.5
0

0
.5

1

A
sy

m
et

ry
 C

o
ef

fi
ci

en
t 

=
 [

P
(c

o
) 

- 
P

(c
tr

)]
 /

 P
(t

o
ta

l)

-0
.0

0
2

-0
.0

0
10

0
.0

0
1

0
.0

0
2

dWh

W
h
a
t 
is
 t
h
e
 r

W
h
a
t 
is
 t
h
e
 r
ôô
le
 o
f 
tr
a
p
p
e
d
 a
n
d
 p
a
s
s
in
g
 p
a
rt
ic
le
s
?

le
 o
f 
tr
a
p
p
e
d
 a
n
d
 p
a
s
s
in
g
 p
a
rt
ic
le
s
?

C
o
 –
N
B
I

C
o
u
n
te
r 
-
N
B
I

–
In
 J
E
T
, 
fa
s
t 
b
e
a
m
 i
o
n
s
  
a
re
 

m
a
in
ly
 p
a
s
s
in
g

–
P
a
s
s
in
g
 i
o
n
s
 c
a
n
 b
e
 

s
ta
b
ili
s
in
g
 w
h
e
n
 c
o
-N
B
I,
 b
u
t 

d
e
s
ta
b
ili
s
in
g
 w
h
e
n
 c
o
u
n
te
r-

N
B
I.
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 

[G
ra
v
e
s
, 
P
R
L
, 
9
2
, 
2
0
0
4
]

•
S
a
w
to
o
th
 s
ta
b
il
is
a
ti
o
n
 b
y
 e
n
e
rg
e
ti
c
 p
a
rt
ic
le
s
 i
s
 u
s
u
a
ll
y
 a
tt
ri
b
u
te
d
 

to
 t
h
e
 p
re
s
e
n
c
e
 o
f 
tr
a
p
p
e
d
 f
a
s
t 
io
n
s
 [
P
o
rc
e
lli
, 
P
P
C
F
, 
3
3
, 
1
9
9
1
]

H
ig
h
e
r 
o
rd
e
r 
te
rm
s 

m
e
a
n
s 
δ
W
h
≠
 0
 f
o
r 

b
a
la
n
c
e
d
 b
e
a
m
s

δWh

A
sy
m
m
e
tr
y
 C
o
e
ff
ic
ie
n
t 
=
 [
P(
c
o
)-
P(
c
tr
)]
 /
 P
(T
o
ta
l)

–
D
ri
ft
 K
in
e
ti
c
 c
o
d
e
 f
o
r 

e
x
p
lo
ri
n
g
 w
a
v
e
-p
a
rt
ic
le
 

in
te
ra
c
ti
o
n
s

–
C
a
lc
u
la
te
s
 c
h
a
n
g
e
 i
n
 

p
o
te
n
ti
a
l 
e
n
e
rg
y
:

( (((
) )))

v
d
x

d
f

B
m
v

W
h

3
3

*
2

21
ξ ξξξ

κ κκκ
δ δδδ

µ µµµ
δ δδδ

⋅ ⋅⋅⋅
+ +++

= ===
∫ ∫∫∫

•
H
A
G
IS
 c
o
d
e

P
in

c
h
e
s,
 C

P
C

, 
1
1
1
, 
1
9
9
8



1
4
1
4
/3
8

/3
8

P
a
s
s
in
g
 P
a
rt
ic
le
 S
ta
b
il
is
a
ti
o
n
 M
e
c
h
a
n
is
m

P
a
s
s
in
g
 P
a
rt
ic
le
 S
ta
b
il
is
a
ti
o
n
 M
e
c
h
a
n
is
m

G
ra

v
e
s,
 P

R
L,
 9
2
, 
2
0
0
4

C
o
-p
a
ss
, ‹
P h
›’|

r 1
 <
 0
 →
 s
ta
b
ili
si
n
g

C
o
-p
a
ss
, ‹
P h
›’|

r1
>
 0
 →
 d
e
st
a
b
ili
si
n
g

C
tr
-p
a
ss
, ‹
P h
›’|

r1
<
 0
 →
 d
e
st
a
b
ili
si
n
g

C
tr
-p
a
ss
, ‹
P h
›’|

r1
>
 0
 →
 s
ta
b
ili
si
n
g

δ
W
 h
a
s 
a
 t
e
rm
 d
e
p
e
n
d
e
n
t 
u
p
o
n
 c
u
rv
a
tu
re
:

( (((
) )))( (((

) )))
∫ ∫∫∫

⋅ ⋅⋅⋅
∇ ∇∇∇⋅ ⋅⋅⋅

− −−−
1 0

~

r

h
d
r

P
W

κ κκκ
ξ ξξξ

ξ ξξξ
δ δδδ

Z

R

q
=
1
 s
u
rf
a
c
e

A
d
v
e
rs
e

C
u
rv

a
tu

re
G

o
o
d

C
u
rv

a
tu

re�
B

C
o
-p
a
ss
in
g

Z

R

q
=
1
 s
u
rf
a
c
e

A
d
v
e
rs
e

C
u
rv

a
tu

re
G

o
o
d

C
u
rv

a
tu

re�
B

C
o
u
n
te
r-

p
a
ss
in
g

•
In
c
re
a
s
in
g
 e
ff
e
c
ti
v
e
 o
rb
it
 w
id
th
 l
e
a
d
s
 t
o
 l
a
rg
e
 p
a
s
s
in
g
 i
o
n
 e
ff
e
c
t

–
L
a
rg
e
 t
h
e
rm

a
l 
v
e
lo
c
it
y
 (
N
N
B
I,
 I
C
R
H
)

–
L
a
rg
e
 f
ra
c
ti
o
n
 o
f 
b
a
re
ly
 p
a
s
s
in
g
 i
o
n
s
 (
J
E
T
 N
B
I,
 I
C
R
H
)



1
5
1
5
/3
8

/3
8

-2
0

-1
0

0
1
0

2
0

N
B

I 
P

o
w

er
 (

M
W

)

-0
.0

40

0
.0

4

0
.0

8

0
.1

2

0
.1

6

dW
N

o
n
-a

d
ia

b
at

ic
A

d
ia

b
at

ic
P

as
si

n
g

M
H

D

-2
0

-1
0

0
1
0

2
0

N
B

I 
P

o
w

er
 (

M
W

)

-0
.0

40

0
.0

4

0
.0

8

0
.1

2

0
.1

6

dW
N

o
n

-a
d

ia
b

at
ic

 W
IT

H
 F

L
O

W
 S

H
E

A
R

A
d

ia
b

at
ic

P
as

si
n

g

M
H

D

-2
0

-1
0

0
1
0

2
0

N
B

I 
P

o
w

er
 (

M
W

)

-0
.0

40

0
.0

4

0
.0

8

0
.1

2

0
.1

6

dW
N

o
n

-a
d

ia
b

at
ic

 W
IT

H
 F

L
O

W
 S

H
E

A
R

A
d

ia
b

at
ic

P
as

si
n

g

M
H

D
T

O
T

A
L

 W
IT

H
 F

L
O

W
 S

H
E

A
R

D
o
 p
a
s
s
in
g
 f
a
s
t 
io
n
s
 e
x
p
la
in
 J
E
T
 r
e
s
u
lt
 (
lo
w
 r
o
ta
ti
o
n
)?

D
o
 p
a
s
s
in
g
 f
a
s
t 
io
n
s
 e
x
p
la
in
 J
E
T
 r
e
s
u
lt
 (
lo
w
 r
o
ta
ti
o
n
)?

δW

C
h
a
p
m

a
n
 e

t 
a
l,
  
  

P
h
y
s 
P
la

sm
a
s,
 1
4
, 
2
0
0
7

JE
T

N
B
I P
o
w
e
r 
(M
W
)

-0
.0
4

2
0

0

0
.0
4

0
.0
8

0
.1
2 -2
0

1
0

-1
0

0

•
N
e
w
 u
n
d
e
rs
ta
n
d
in
g
 a
b
o
u
t 
fa
s
t 
io
n
s
 a
n
d
 s
a
w
to
o
th
 b
e
h
a
v
io
u
r:

–
P
a
s
s
in
g
 f
a
s
t 
io
n
s
 p
la
y
 a
 k
e
y
 r
o
le
(l
o
w
 v
φ
&
 N
B
C
D
) 
[G
ra
v
e
s
 P
R
L
 2
0
0
4
]

–
E
ff
e
c
t 
o
f 
tr
a
p
p
e
d
 i
o
n
s
 i
n
fl
u
e
n
c
e
d
 b
y
 f
lo
w
 s
h
e
a
r
[G
ra
v
e
s
 P
P
C
F
 2
0
0
0
]

•
M
o
d
e
ll
in
g
 t
h
e
 e
ff
e
c
t 
o
f 
fa
s
t 
io
n
s
 o
n
 n
=
1
 k
in
k
 m
o
d
e



1
6
1
6
/3
8

/3
8

-8
-6

-4
-2

0
2

4
N

B
I 

P
o
w

er
 (

M
W

)

0

5
0

1
0
0

1
5
0

2
0
0

2
5
0

Sawtooth Period (ms)H
o
w
 d
o
e
s
 i
t 
c
o
m
p
a
re
 t
o
 e
x
p
e
ri
m
e
n
t?

H
o
w
 d
o
e
s
 i
t 
c
o
m
p
a
re
 t
o
 e
x
p
e
ri
m
e
n
t?

C
o
-N
B
I

C
o
u
n
te
r-
N
B
I

–
M
in
im
u
m
 i
n
 s
a
w
to
o
th
 p
e
ri
o
d
 a
n
d
 δ
W

h
a
g
re
e
s
 w
e
ll 
(a
t 
~
 4
M
W
)

–
In
 J
E
T
, 
a
s
y
m
m
e
tr
y
 a
n
d
 m
in
im
u
m
 i
s
 e
x
p
la
in
e
d
 b
y
 e
n
e
rg
e
ti
c
 p
a
rt
ic
le
 

e
ff
e
c
ts

–
In
 M
A
S
T
, 
a
s
y
m
m
e
tr
y
 a
n
d
 m
in
im
u
m
 i
s
 e
x
p
la
in
e
d
 b
y
 f
lo
w
 e
ff
e
c
ts

δW

C
o
-N
B
I

C
o
u
n
te
r-
N
B
I

[C
h
a
p
m
a
n
 e
t 
a
l, 

P
P
C
F
, 
49
, 
2
0
0
7
]



1
7
1
7
/3
8

/3
8

-1
.5

-1
-0

.5
0

0
.5

1
1

.5

N
B

I 
P

o
w

e
r 

(M
W

)

0

1
0

2
0

3
0

4
0

5
0

Sawtooth Period (ms)

S
a
w
to
o
th
 B
e
h
a
v
io
u
r 
w
it
h
 N
B
I 
in
 T
E
X
T
O
R

S
a
w
to
o
th
 B
e
h
a
v
io
u
r 
w
it
h
 N
B
I 
in
 T
E
X
T
O
R

•
T
E
X
T
O
R
 e
x
h
ib
it
s
 d
if
fe
re
n
t 
s
a
w
to
o
th
 b
e
h
a
v
io
u
r 
w
it
h
 N
B
I

C
h
a
p
m

a
n
 e

t 
a
l, 

N
u
c
lF

u
si
o
n
, 
4
8
, 
2
0
0
8

ECE

2
0
%
 c
o
-N
B
I

1
0
0
%
 c
o
-N
B
I

Sawtooth Period (ms)

–
M
in
im
u
m
 i
n
 s
a
w
to
o
th
 p
e
ri
o
d
 

w
h
e
n
 p
la
s
m
a
 r
o
ta
ti
o
n
 s
to
p
s
 

(p
re
c
u
rs
o
r 
fr
e
q
u
e
n
c
y
 →

 0
)

–
M
in
im
u
m
 τ
S
T
o
c
c
u
rs
 w
h
e
n
 N
B
I 

ro
ta
ti
o
n
 b
a
la
n
c
e
s
 i
n
tr
in
s
ic
 f
lo
w

–
C
o
u
n
te
r-
p
a
s
s
in
g
 f
a
s
t 
io
n
s
 

d
e
s
ta
b
ili
s
e
 k
in
k
 m
o
d
e
 &
 d
o
m
in
a
te
 

w
h
e
n
 f
lo
w
 t
e
n
d
s
 t
o
 u
p
p
e
r 
lim

it
-1

.5
-1

-0
.5

0
0
.5

1
1
.5

N
B

I 
P

o
w

e
r 

(M
W

)

-1
5

-1
0-505

1
0

1
5

Sawtooth Precurosr Frequency (kHz) Mode Frequency (kHz)

N
B
I 
Po
w
e
r 
(M
W
)

TE
X
TO
R

-1
.5

-1
-0

.5
0

0
.5

1
1

.5
N

B
I 

P
o
w

e
r 

(M
W

)

-0
.0

0
6

-0
.0

0
5

-0
.0

0
4

-0
.0

0
3

-0
.0

0
2

-0
.0

0
10

0
.0

0
1

T
o
ta

l
P

a
ss

in
g
 P

a
rt

ic
le

s

T
ra

p
p
e
d
 P

a
rt

ic
le

s

M
H

D
 I

n
c
lu

d
in

g
 R

o
ta

ti
o
n

δW



1
8
1
8
/3
8

/3
8

S
a
w
to
o
th
 C
o
n
tr
o
l

S
a
w
to
o
th
 C
o
n
tr
o
l

•
M
o
ti
v
a
ti
o
n

–
S
a
w
te
e
th
 c
a
n
 t
ri
g
g
e
r 
N
e
o
-C
la
s
s
ic
a
l 
T
e
a
ri
n
g
 M

o
d
e
s
 (
N
T
M
s
)

–
M
e
th
o
d
s
 f
o
r 
S
a
w
to
o
th
 C
o
n
tr
o
l 

•
D
e
v
e
lo
p
m
e
n
ts
 i
n
 o
u
r 
u
n
d
e
rs
ta
n
d
in
g
 o
f 
s
a
w
to
o
th
 s
ta
b
il
it
y

–
C
o
/C
o
u
n
te
r 
N
B
I 
E
x
p
e
ri
m
e
n
ts
 o
n
 J
E
T
 a
n
d
 M

A
S
T

–
E
ff
e
c
t 
o
f 
p
a
s
s
in
g
 i
o
n
s
 a
n
d
 s
h
e
a
re
d
 f
lo
w
s

•
S
a
w
to
o
th
 C
o
n
tr
o
l 
U
s
in
g
 O
ff
-a
x
is
 C
o
-N
B
I

–
E
x
p
e
ri
m
e
n
ts
 o
n
 J
E
T
, 
M
A
S
T
 a
n
d
 A
S
D
E
X
 U
p
g
ra
d
e

•
S
a
w
to
o
th
 C
o
n
tr
o
l 
U
s
in
g
 I
C
R
H

–
E
x
p
la
in
e
d
 b
y
 k
in
e
ti
c
 e
ff
e
c
ts
. 
E
x
p
e
ri
m
e
n
ts
 o
n
 J
E
T

•
S
a
w
to
o
th
 C
o
n
tr
o
l 
U
s
in
g
 E
C
C
D

–
C
u
rr
e
n
t 
d
ri
v
e
 e
ff
e
c
t.
 E
x
p
e
ri
m
e
n
ts
 o
n
 A
U
G
 a
n
d
 T
o
re
 S
u
p
ra

•
S
a
w
to
o
th
 C
o
n
tr
o
l 
in
 I
T
E
R



1
9
1
9
/3
8

/3
8

S
a
w
to
o
th
 C
o
n
tr
o
l 
U
s
in
g
 O
ff

S
a
w
to
o
th
 C
o
n
tr
o
l 
U
s
in
g
 O
ff
-- A
x
is
 C
o

A
x
is
 C
o
-- N
B
I

N
B
I

•
S
a
w
to
o
th
 p
e
ri
o
d
 c
a
n
 b
e
 s
h
o
rt
e
n
e
d
 b
y
 a
p
p
ly
in
g
 o
ff
-a
x
is
 N
B
I

–
O
ff
-a
x
is
 N
B
I 
c
a
n
 c
o
n
tr
o
l 

s
a
w
te
e
th
w
h
ic
h
 h
a
v
e
 

b
e
e
n
 s
ta
b
ili
s
e
d
 b
y
 o
n
-a
x
is
 

N
B
I

–
E
x
p
la
in
e
d
 b
y
 d
e
s
ta
b
ili
s
in
g
 

c
o
n
tr
ib
u
ti
o
n
 f
ro
m
 p
a
s
s
in
g
 

fa
s
t 
io
n
s
 b
o
rn
 o
u
ts
id
e
 q
=
1

–
M
o
d
e
lli
n
g
 s
h
o
w
s
 f
a
s
t 
io
n
 

e
ff
e
c
ts
 d
o
m
in
a
te
 a
n
d
 

N
B
C
D
 e
ff
e
c
t 
is
 v
e
ry
 s
m
a
ll

On-axis

NBI(MW)

Off-axis

NBI(MW)

5
8
8
5
5

Core SXR 
(au)

JE
T

[C
h
a
p
m

a
n
 e

t 
a
l, 

N
u
c
lF

u
s
4
9

2
0
0
9
]



2
0
2
0
/3
8

/3
8

M
o
d
e
ll
in
g
 O
ff

M
o
d
e
ll
in
g
 O
ff
-- a
x
is
 N
B
I 
E
ff
e
c
ts

a
x
is
 N
B
I 
E
ff
e
c
ts

•
M
o
v
e
 d
e
p
o
s
it
io
n
 l
o
c
a
ti
o
n
 o
f 
p
e
a
k
 o
f 
fa
s
t 
io
n
 d
is
tr
ib
u
ti
o
n
 w
rt
q
=
1

–
W
h
e
n
 f
a
s
t 
io
n
s
 p
e
a
k
e
d
 j
u
s
t 
o
u
ts
id
e
 q
=
1
, 
k
in
k
 m
o
d
e
 u
n
s
ta
b
le

r d
e
p

δW

q=1

-0
.0

02
5

-0
.0

02
0

-0
.0

01
5

-0
.0

01
0

-0
.0

00
5

0.
00

00

0.
00

05

0.
00

10

0.
00

15

0.
00

20

0
0.

2
0.

4
0.

6

T
O

T
A

L

P
as

si
ng

T
ra

pp
ed

M
H

D

P
or

ce
lli

C
ra

sh
 T

rig
ge

r

C
h
a
p
m

a
n
 e

t 
a
l,
 

P
P
C

F
, 
5
0
, 
2
0
0
8

JE
T



2
1
2
1
/3
8

/3
8

O
ff

O
ff
-- a
x
is
 N
B
I 
E
ff
e
c
ts
 i
n
 M
A
S
T

a
x
is
 N
B
I 
E
ff
e
c
ts
 i
n
 M
A
S
T

•
S
c
a
n
 t
h
e
 d
e
p
o
s
it
io
n
 l
o
c
a
ti
o
n
 b
y
 m
o
v
in
g
 p
la
s
m
a
 v
e
rt
ic
a
ll
y

–
S
a
w
to
o
th
 b
e
h
a
v
io
u
r 
a
ff
e
c
te
d
 b
y
 d
e
p
o
s
it
io
n
 l
o
c
a
ti
o
n
 r
e
la
ti
v
e
 t
o
 q
=
1

–
P
a
s
s
in
g
 i
o
n
 e
ff
e
c
ts
 d
o
m
in
a
te
 o
v
e
r 
c
h
a
n
g
e
 i
n
 N
B
C
D
, 
v
φ,
 s
h
a
p
e
 e
tc

1 0 -1Z [m]

1
.0

2
.0

0
.0

R
 [
m
]

M
A
ST

M
a
g
n
e
ti
c
 A
x
is
 P
o
s
it
io
n
 (
c
m
)

Sawtooth Period (ms)

O
h
m
ic

681
0

1
2

1
4

1
6

1
8 -1
5

-1
7

-1
9

-2
1

-2
3

-2
5

[C
h
a
p
m

a
n
 e

t 
a
l, 

P
h
y
s 
P
la

sm
a
s
2
0
0
9
]



2
2
2
2
/3
8

/3
8

O
ff

O
ff
-- a
x
is
 N
B
I 
E
ff
e
c
ts
 i
n
 A
S
D
E
X
 U
p
g
ra
d
e

a
x
is
 N
B
I 
E
ff
e
c
ts
 i
n
 A
S
D
E
X
 U
p
g
ra
d
e

•
O
ff
-a
x
is
 N
B
I 
a
ff
e
c
ts
 s
a
w
to
o
th
 b
e
h
a
v
io
u
r

–
A
s
 f
h
m
o
v
e
s
 f
u
rt
h
e
r 
o
u
ts
id
e
 q
=
1
, 
τ s
d
e
c
re
a
s
e
s
 b
y
 ~
5
0
%

–
M
o
d
e
lli
n
g
 a
g
a
in
 s
h
o
w
s
 p
a
s
s
in
g
 i
o
n
s
 d
o
m
in
a
te
 o
v
e
r 
N
B
C
D

SXR (au)

τ
=
 6
4
m
s

τ
=
 9
3
m
s

τ
=
 7
1
m
s

[C
h
a
p
m

a
n
 e

t 
a
l, 

P
h
y
s 
P
la

sm
a
s
2
0
0
9
]

A
U
G



2
3
2
3
/3
8

/3
8

S
a
w
to
o
th
 C
o
n
tr
o
l

S
a
w
to
o
th
 C
o
n
tr
o
l

•
M
o
ti
v
a
ti
o
n

–
S
a
w
te
e
th
 c
a
n
 t
ri
g
g
e
r 
N
e
o
-C
la
s
s
ic
a
l 
T
e
a
ri
n
g
 M

o
d
e
s
 (
N
T
M
s
)

–
M
e
th
o
d
s
 f
o
r 
S
a
w
to
o
th
 C
o
n
tr
o
l 

•
D
e
v
e
lo
p
m
e
n
ts
 i
n
 o
u
r 
u
n
d
e
rs
ta
n
d
in
g
 o
f 
s
a
w
to
o
th
 s
ta
b
il
it
y

–
C
o
/C
o
u
n
te
r 
N
B
I 
E
x
p
e
ri
m
e
n
ts
 o
n
 J
E
T
 a
n
d
 M

A
S
T

–
E
ff
e
c
t 
o
f 
p
a
s
s
in
g
 i
o
n
s
 a
n
d
 s
h
e
a
re
d
 f
lo
w
s

•
S
a
w
to
o
th
 C
o
n
tr
o
l 
U
s
in
g
 O
ff
-a
x
is
 C
o
-N
B
I

–
E
x
p
e
ri
m
e
n
ts
 o
n
 J
E
T
, 
M
A
S
T
 a
n
d
 A
S
D
E
X
 U
p
g
ra
d
e

•
S
a
w
to
o
th
 C
o
n
tr
o
l 
U
s
in
g
 I
C
R
H

–
E
x
p
la
in
e
d
 b
y
 k
in
e
ti
c
 e
ff
e
c
ts
. 
E
x
p
e
ri
m
e
n
ts
 o
n
 J
E
T

•
S
a
w
to
o
th
 C
o
n
tr
o
l 
U
s
in
g
 E
C
C
D

–
C
u
rr
e
n
t 
d
ri
v
e
 e
ff
e
c
t.
 E
x
p
e
ri
m
e
n
ts
 o
n
 A
U
G
 a
n
d
 T
o
re
 S
u
p
ra

•
S
a
w
to
o
th
 C
o
n
tr
o
l 
in
 I
T
E
R



2
4
2
4
/3
8

/3
8

IC
R
H
 S
a
w
to
o
th
 C
o
n
tr
o
l 
in
 J
E
T

IC
R
H
 S
a
w
to
o
th
 C
o
n
tr
o
l 
in
 J
E
T

E
ri
k
ss
o
n
, 
P
R
L,
 9
2
, 
2
3
5
0
0
4
 (
2
0
0
4
)

•
O
n
 A
x
is
 I
C
R
H
 s
tr
o
n
g
ly
 s
ta
b
ili
s
e
s
 

s
a
w
te
e
th
 d
u
e
 t
o
 h
o
t 
tr
a
p
p
e
d
 i
o
n
s
 

[C
a
m
p
b
e
ll,
 W

h
it
e
, 
P
o
rc
e
lli
e
t 
a
l]

•
O
ff
 A
x
is
 C
o
u
n
te
r-
p
ro
p
a
g
a
ti
n
g
 I
C
R
H
 

(-
9
0
) 
d
e
s
ta
b
il
is
e
s
 l
o
n
g
 s
a
w
te
e
th

(w
h
ic
h
 w
e
re
 s
ta
b
ili
s
e
d
 b
y
 o
n
-a
x
is
 

fa
s
t 
io
n
 p
o
p
u
la
ti
o
n
)

•
In
it
ia
lly
e
x
p
e
c
te
d
th
a
t 
c
o
n
tr
o
l 

m
e
c
h
a
n
is
m
 w
o
u
ld
 b
e
 f
ro
m
 s
h
e
a
r 

m
o
d
if
ic
a
ti
o
n
 a
t 
q
=
1

•
M
o
d
e
lli
n
g
 o
f 
re
c
e
n
t 
J
E
T
 d
is
c
h
a
rg
e
s
 

[C
o
d
a
, 
E
P
S
 2
0
0
7
] 
c
o
n
fi
rm

s
 t
h
a
t 

c
h
a
n
g
e
 t
o
 s
h
e
a
r 
fr
o
m
 -
9
0
 I
C
R
H
 i
s
 

ty
p
ic
a
ll
y
 s
m
a
ll

Te(keV)
ττττs(s) R(m)

PRF(MW)
JE
T



2
5
2
5
/3
8

/3
8IC
R
H
 S
a
w
to
o
th
 C
o
n
tr
o
l 
in
 J
E
T

IC
R
H
 S
a
w
to
o
th
 C
o
n
tr
o
l 
in
 J
E
T

JP
 G

ra
v
e
s 
e
t 
a
l,
 P

R
L 
(2

0
0
9
)

•
N
e
w
 t
h
e
o
ry
 s
h
o
w
s
 t
h
a
t 
c
o
n
tr
o
l 
is
 

d
e
te
rm
in
e
d
 b
y
 t
h
e
 a
s
y
m
m
e
tr
y
 i
n
 

v
||
o
f 
p
a
s
s
in
g
 i
o
n
 d
is
tr
ib
u
ti
o
n

•
F
a
s
t 
io
n
 g
ro
w
th
 r
a
te
 i
s
 p
ro
p
o
rt
io
n
a
l 

to
 t
h
e
ra
d
ia
l 
g
ra
d
ie
n
t 
o
f 
th
e
 

p
a
s
s
in
g
 f
a
s
t 
io
n
 c
u
rr
e
n
t 
d
e
n
s
it
y
 

p
ro
fi
le
 a
t 
q
=
1

•
R
e
s
u
lt
s
 c
o
n
fi
rm

e
d
 u
s
in
g
 S
E
L
F
O
 

c
o
d
e
 (
fo
r 
f h
R
F
) 
a
n
d
 H
A
G
IS
 (
fo
r 
δW

)

•
In
 H
e
3
m
in
o
ri
ty
 s
c
e
n
a
ri
o
s
 i
n
 I
T
E
R
 

a
n
 e
le
c
tr
o
n
 d
ra
g
 c
u
rr
e
n
t
re
s
u
lt
s
 

in
 s
m
a
ll 
c
h
a
n
g
e
 t
o
 s
h
e
a
r 
b
u
t 
d
o
e
s
 

n
o
t 
a
ff
e
c
t 
fa
s
t 
io
n
 m
e
c
h
a
n
is
m
 

[L
a
x
å
b
a
c
k
, 
N
u
c
l
F
u
s
io
n
, 
4
5
2
0
0
5
] 

<jφ0> [MA/m2]
γγγγ/ωωωωA0

.0
1 0

-0
.0
1

s
e
m
i-
a
n
a
ly
ti
c
a
l

H
A
G
IS

r 1
/a

0
.2

0
.4

0
.6

0
.8

0
.0
5

-0
.0
50

-0
.1
0

-0
.1
5

0
.0
0
4 0

-0
.0
0
2

0
.0
0
2

δ δδδW



2
6
2
6
/3
8

/3
8

S
a
w
to
o
th
 C
o
n
tr
o
l 
w
it
h
 I
C
R
H
 i
n
 J
E
T
 (
a
n
d
 I
T
E
R
?
)

S
a
w
to
o
th
 C
o
n
tr
o
l 
w
it
h
 I
C
R
H
 i
n
 J
E
T
 (
a
n
d
 I
T
E
R
?
)

N
B
I

R
F

•
C
o
n
tr
o
l 
w
it
h
 I
C
R
H
 s
h
o
w
n
 t
o
 b
e
 f
a
s
t 
io
n
 e
ff
e
c
t

–
U
s
e
 3
H
e
 m
in
o
ri
ty
 a
s
 e
le
c
tr
o
n
 d
ra
g
 r
e
s
u
lt
s
 i
n
 n
e
g
lig
ib
le
 I
C
C
D

•
C
a
n
 s
ig
n
if
ic
a
n
tl
y
 

d
e
s
ta
b
il
is
e
lo
n
g
 

p
e
ri
o
d
 s
a
w
te
e
th
 

–
S
ta
b
ili
s
e
d
 b
y
 N
B
I 

(a
s
 I
T
E
R
-l
ik
e
IC
R
H
 

n
o
t 
a
v
a
ila
b
le
)

–
D
e
c
re
a
s
e
d
 τ
s
a
w
b
y
 

fa
c
to
r 
o
f 
2
, 
e
v
e
n
 i
n
 

H
-m

o
d
e
 p
la
s
m
a
s

–
D
ir
e
c
t 
e
v
id
e
n
c
e
 o
f 

im
p
o
rt
a
n
c
e
 o
f 

c
o
n
tr
o
l 
-
g
e
t 
N
T
M
s

w
it
h
 l
o
n
g
 s
.t
. 
p
e
ri
o
d

[G
ra
v
e
s 
e
t 
a
l,
 i
n
 p
re
p
 P
R
L]



2
7
2
7
/3
8

/3
8

S
a
w
to
o
th
 C
o
n
tr
o
l 
w
it
h
 I
C
R
H
 i
n
 J
E
T
 (
a
n
d
 I
T
E
R
?
)

S
a
w
to
o
th
 C
o
n
tr
o
l 
w
it
h
 I
C
R
H
 i
n
 J
E
T
 (
a
n
d
 I
T
E
R
?
)

•
L
o
w
e
r 
3
H
e
 c
o
n
c
e
n
tr
a
ti
o
n
 →

s
h
o
rt
e
r 
τ s

a
w
(h
ig
h
 e
n
e
rg
y
 i
o
n
s
 i
n
 d
is
tr
ib
u
ti
o
n
 t
a
il)

•
C
o
-p
ro
p
a
g
a
ti
n
g
 w
a
v
e
s
 a
re
 s
ta
b
ili
s
in
g
, 
c
o
u
n
te
r-
p
ro
p
a
g
a
ti
n
g
 a
re
 d
e
s
ta
b
ili
s
in
g

[G
ra
v
e
s 
e
t 
a
l,
 i
n
 p
re
p
 P
R
L]

N
B
I

R
F

Sa
w
to
o
th
 o
f 
1.
1 
s

3/
2 
N
TM
 in
 L
-m
o
d
e
!



2
8
2
8
/3
8

/3
8

S
a
w
to
o
th
 C
o
n
tr
o
l

S
a
w
to
o
th
 C
o
n
tr
o
l

•
M
o
ti
v
a
ti
o
n

–
S
a
w
te
e
th
 c
a
n
 t
ri
g
g
e
r 
N
e
o
-C
la
s
s
ic
a
l 
T
e
a
ri
n
g
 M

o
d
e
s
 (
N
T
M
s
)

–
M
e
th
o
d
s
 f
o
r 
S
a
w
to
o
th
 C
o
n
tr
o
l 

•
D
e
v
e
lo
p
m
e
n
ts
 i
n
 o
u
r 
u
n
d
e
rs
ta
n
d
in
g
 o
f 
s
a
w
to
o
th
 s
ta
b
il
it
y

–
C
o
/C
o
u
n
te
r 
N
B
I 
E
x
p
e
ri
m
e
n
ts
 o
n
 J
E
T
 a
n
d
 M

A
S
T

–
E
ff
e
c
t 
o
f 
p
a
s
s
in
g
 i
o
n
s
 a
n
d
 s
h
e
a
re
d
 f
lo
w
s

•
S
a
w
to
o
th
 C
o
n
tr
o
l 
U
s
in
g
 O
ff
-a
x
is
 C
o
-N
B
I

–
E
x
p
e
ri
m
e
n
ts
 o
n
 J
E
T
, 
M
A
S
T
 a
n
d
 A
S
D
E
X
 U
p
g
ra
d
e

•
S
a
w
to
o
th
 C
o
n
tr
o
l 
U
s
in
g
 I
C
R
H

–
E
x
p
la
in
e
d
 b
y
 k
in
e
ti
c
 e
ff
e
c
ts
. 
E
x
p
e
ri
m
e
n
ts
 o
n
 J
E
T

•
S
a
w
to
o
th
 C
o
n
tr
o
l 
U
s
in
g
 E
C
C
D

–
C
u
rr
e
n
t 
d
ri
v
e
 e
ff
e
c
t.
 E
x
p
e
ri
m
e
n
ts
 o
n
 A
U
G
 a
n
d
 T
o
re
 S
u
p
ra

•
S
a
w
to
o
th
 C
o
n
tr
o
l 
in
 I
T
E
R



2
9
2
9
/3
8

/3
8H
o
w

H
o
w
d
o
e
s
 d
ri
v
in
g
 c
u
rr
e
n
t 
tr
ig
g
e
r 
s
a
w
te
e
th
?

d
o
e
s
 d
ri
v
in
g
 c
u
rr
e
n
t 
tr
ig
g
e
r 
s
a
w
te
e
th
?

•
T
ri
g
g
e
r 
c
o
n
d
it
io
n
:

1
1ˆ

r
c

sW
ρ ρρρ

δ δδδ
π πππ

ρ ρρρ
< <<<

A
 p
e
rt
u
rb
a
tio
n
 is
 a
p
p
lie
d
 t
o
 t
h
e
 

in
iti
a
l c
u
rr
e
n
t 
p
ro
fil
e
 (
in
si
d
e
 q
=
1
)

M
o
re
 c
u
rr
e
n
t 
m
e
a
n
s 
m
o
re
 

p
o
lo
id
a
lf
ie
ld
, 
so
 q
 d
ro
p
s

Current

ra
d
iu
s

Safety factor, q

q
=
1

q
=
1
 is
 m
o
ve
d
 o
u
tw
a
rd
s

M
a
g
n
e
tic
 s
h
e
a
r 
a
t 
q
=
1
, 
s 1

(~
g
ra
d
ie
n
t 
o
f 
q
) 
in
c
re
a
se
s



3
0
3
0
/3
8

/3
8C
u
rr
e
n
t 
d
ri
v
e
 c
a
n
 s
h
o
rt
e
n
 s
a
w
to
o
th
 p
e
ri
o
d
s

C
u
rr
e
n
t 
d
ri
v
e
 c
a
n
 s
h
o
rt
e
n
 s
a
w
to
o
th
 p
e
ri
o
d
s

•
C
u
rr
e
n
t 
d
ri
v
e
 s
h
o
w
n
 t
o
 d
e
s
ta
b
il
is
e
 s
a
w
te
e
th
 i
n
 A
S
D
E
X
 

U
p
g
ra
d
e
, 
 D
II
I-
D
, 
T
E
X
T
O
R
, 
J
T
-6
0
U
, 
T
O
R
E
 S
U
P
R
A
, 
T
C
V
, 

H
L
2
A
…

T e ρ
re
s

A
U
G

M
ü
c
k

e
t 
a
l,
 P

la
sm

a
 P

h
y
s 
C

o
n
t 
F
u
s,
 4
7
, 
2
0
0
5

M
a
n
in

i
e
t 
a
l,
 1

4
th

 J
o
in

t 
W

o
rk

sh
o
p
 o

n
 E

C
E
 a

n
d
 E

C
R
H
 ,
 S
a
n
to

ri
n
i,
 2

0
0
6

Sw
e
e
p
 B
T



3
1
3
1
/3
8

/3
8

E
C
C
D
 R
e
a
l

E
C
C
D
 R
e
a
l --
ti
m
e
 c
o
n
tr
o
l 
in
 T
C
V

ti
m
e
 c
o
n
tr
o
l 
in
 T
C
V

•
C
o
n
tr
o
lle
r 
o
b
ta
in
s
 a
n
d
 t
ra
c
k
s
 t
a
rg
e
t 

re
fe
re
n
c
e
 p
e
ri
o
d
 b
y
 t
a
ilo
ri
n
g
 E
C
 

d
e
p
o
s
it
io
n
 t
o
 b
e
 j
u
s
t 
o
u
ts
id
e
 q
=
1

–
L
a
u
n
c
h
e
r 
m
o
v
e
d
 t
o
 l
a
rg
e
r 
a
n
g
le
 t
o
 

in
c
re
a
s
e
 p
e
ri
o
d
, 
s
m
a
lle
r 
a
n
g
le
 t
o
 

d
e
c
re
a
s
e

•
M
a
x
im
u
m
 p
e
ri
o
d
 a
c
q
u
ir
e
d
 a
n
d
 

tr
a
c
k
e
d
 d
e
s
p
it
e
 c
h
a
n
g
in
g
 p
la
s
m
a
 

c
o
n
d
it
io
n
s

[J
.I

.P
a

le
y

e
t 

a
l.

 P
P

C
F

5
1

 (
2

0
0

9
) 

0
5

5
0

1
0

]

TC
V



3
2
3
2
/3
8

/3
8

E
C
C
D
 c
o
n
tr
o
l 
in
 T
O
R
E
 S
U
P
R
A
 w
it
h
 f
a
s
t 
io
n
s

E
C
C
D
 c
o
n
tr
o
l 
in
 T
O
R
E
 S
U
P
R
A
 w
it
h
 f
a
s
t 
io
n
s

•
O
p
e
n
 l
o
o
p
 –
IC
R
H
 +
 s
c
a
n
 E
C
C
D

–
2
M
W
 I
C
R
H
: 
τ s

a
w
=
7
0
m
s
 (
τ O

h
m
=
3
0
m
s
)

–
A
d
d
 3
0
0
k
W
 E
C
C
D
: 
τ s

a
w
=
3
0
m
s

–
A
b
ru
p
t 
c
h
a
n
g
e
 i
n
 p
e
ri
o
d

•
T
e
n
ta
ti
v
e
 e
x
p
la
n
a
ti
o
n
 d
u
e
 t
o
 s

c
ri
t

tr
ig
g
e
r 
d
e
p
e
n
d
e
n
c
e
 u
p
o
n
 f
a
s
t 
io
n
s
 •

P
ro
g
re
s
s
 w
it
h
 R
T
 c
o
n
tr
o
l

–
C
a
n
 m

a
in
ta
in
 d
is
ta
n
c
e
 b
e
tw
e
e
n
 

s
a
w
to
o
th
 i
n
v
e
rs
io
n
 r
a
d
iu
s
 a
n
d
 E
C
C
D
 

lo
c
a
ti
o
n
 u
s
in
g
 r
e
a
l 
ti
m
e
 i
n
v
e
rs
io
n
 r
a
d
iu
s
 

m
e
a
s
u
re
m
e
n
t

[M
 L

e
n

n
h

o
lm

e
t 

a
l,

 P
R

L,
 1
0
2

(2
0

0
9

)]



3
3
3
3
/3
8

/3
8

S
a
w
to
o
th
 C
o
n
tr
o
l

S
a
w
to
o
th
 C
o
n
tr
o
l

•
M
o
ti
v
a
ti
o
n

–
S
a
w
te
e
th
 c
a
n
 t
ri
g
g
e
r 
N
e
o
-C
la
s
s
ic
a
l 
T
e
a
ri
n
g
 M

o
d
e
s
 (
N
T
M
s
)

–
M
e
th
o
d
s
 f
o
r 
S
a
w
to
o
th
 C
o
n
tr
o
l 

•
D
e
v
e
lo
p
m
e
n
ts
 i
n
 o
u
r 
u
n
d
e
rs
ta
n
d
in
g
 o
f 
s
a
w
to
o
th
 s
ta
b
il
it
y

–
C
o
/C
o
u
n
te
r 
N
B
I 
E
x
p
e
ri
m
e
n
ts
 o
n
 J
E
T
 a
n
d
 M

A
S
T

–
E
ff
e
c
t 
o
f 
p
a
s
s
in
g
 i
o
n
s
 a
n
d
 s
h
e
a
re
d
 f
lo
w
s

•
S
a
w
to
o
th
 C
o
n
tr
o
l 
U
s
in
g
 O
ff
-a
x
is
 C
o
-N
B
I

–
E
x
p
e
ri
m
e
n
ts
 o
n
 J
E
T
, 
M
A
S
T
 a
n
d
 A
S
D
E
X
 U
p
g
ra
d
e

•
S
a
w
to
o
th
 C
o
n
tr
o
l 
U
s
in
g
 I
C
R
H

–
E
x
p
la
in
e
d
 b
y
 k
in
e
ti
c
 e
ff
e
c
ts
. 
E
x
p
e
ri
m
e
n
ts
 o
n
 J
E
T

•
S
a
w
to
o
th
 C
o
n
tr
o
l 
U
s
in
g
 E
C
C
D

–
C
u
rr
e
n
t 
d
ri
v
e
 e
ff
e
c
t.
 E
x
p
e
ri
m
e
n
ts
 o
n
 A
U
G
 a
n
d
 T
o
re
 S
u
p
ra

•
S
a
w
to
o
th
 C
o
n
tr
o
l 
in
 I
T
E
R



3
4
3
4
/3
8

/3
8G
e
n
e
ra
l 
C
o
m
m
e
n
ts
 o
n
 S
a
w
to
o
th
 C
o
n
tr
o
l 
in
 I
T
E
R

G
e
n
e
ra
l 
C
o
m
m
e
n
ts
 o
n
 S
a
w
to
o
th
 C
o
n
tr
o
l 
in
 I
T
E
R

1
1ˆ

r
c

sW
ρ ρρρ

δ δδδ
π πππ

ρ ρρρ
< <<<

•
T
ri
g
g
e
ri
n
g
 c
ri
te
ri
a
 f
o
r 
re
s
is
ti
v
e
 n
=
1
 k
in
k
 [
P
o
rc
e
lli
, 
P
P
C
F
, 
1
9
9
6
]

+
+

A
lp
h
a
 p
a
rt
ic
le
s 
w
ill
 

st
a
b
ili
se
 t
h
e
 in
te
rn
a
l 

k
in
k
, 
in
c
re
a
si
n
g
 τ τττ
sa
w

ra
d
iu
s

pressure

Se
e
d
 

N
TM
s

P
la
n
n
e
d
 c
o
n
tr
o
l v
ia
 

EC
C
D
 t
o
 in
c
re
a
se
 

lo
c
a
l s
h
e
a
r

P
ro
m
is
in
g
 f
irs
t 

re
su
lts
 f
ro
m
 

TO
R
E 
SU
P
R
A
 

[L
e
n
n
h
o
lm
e
t 

a
l, 
P
R
L 
2
00
9
]

In
 I
TE
R
, 
ρ ρρρ
w
il
l 

b
e
 s
m
a
ll
 a
n
d
 r
1

w
il
l 
b
e
 l
a
rg
e

P
a
ss
in
g
 io
n
s 
fr
o
m
 I
C
R
H
 c
a
n
 d
e
st
a
b
ili
se
 

sa
w
te
e
th
 [
G
ra
v
e
s 
e
t 
a
l, 
PR
L,
 2
0
0
9
]

N
B
: H
e
3
m
in
o
rit
y
 I
C
R
H
 in
 IT
ER
 w
ill
 n
o
t 
d
riv
e
 

su
ff
ic
ie
n
t 
c
u
rr
e
n
t,
 b
u
t 
k
in
e
tic
 e
ffe
c
ts
 w
ill
 h
e
lp

� ���



3
5
3
5
/3
8

/3
8

IT
E
R
 S
a
w
to
o
th
 C
o
n
tr
o
l 
w
it
h
 N
B
I

IT
E
R
 S
a
w
to
o
th
 C
o
n
tr
o
l 
w
it
h
 N
B
I

•
S
a
w
to
o
th
 c
o
n
tr
o
l 
e
v
e
n
 m
o
re
 i
m
p
o
rt
a
n
t 
in
 I
T
E
R
 w
h
e
re
 t
h
e
 α ααα
p
a
rt
ic
le
 

p
o
p
u
la
ti
o
n
 i
s
 l
ik
e
ly
 t
o
 l
e
a
d
 t
o
 l
o
n
g
 p
e
ri
o
d
 s
a
w
te
e
th

–
C
o
u
ld
 o
ff
-a
x
is
 N
N
B
I 
c
o
-p
a
s
s
in
g
 i
o
n
s
 b
e
 u
s
e
d
?

–
P
a
s
s
in
g
 N
N
B
I 
io
n
s
 s
ig
n
if
ic
a
n
tl
y
 i
n
fl
u
e
n
c
e
 s
a
w
to
o
th
 s
ta
b
ili
ty

•
O
n
ly
 d
e
s
ta
b
ili
s
in
g
 i
f 
q
=
1
 i
s
 v
e
ry
 c
o
re
 l
o
c
a
lis
e
d
 (
r 1
/a
 <
 0
.2
)

•
W
it
h
 b
ro
a
d
 q
=
1
 e
x
p
e
c
te
d
 i
n
 S
c
e
n
a
ri
o
 2
, 
N
N
B
I 
io
n
s
 s
tr
o
n
g
ly
 s
ta
b
ili
s
in
g
!

0
.2

0
.3

0
.4

0
.5

0
.1

N
o
rm
a
lis
e
d
 R
a
d
iu
s 
o
f 
q
=
1

0 -13 2 1

δŴ (x10-2)

E
q
u
ili
b
ri
u
m
 q
=
1

N
-N
B
I 
F
a
s
t 
Io
n
s

A
lp
h
a
 P
a
rt
ic
le
s

M
H
D

P
o
rc
e
lli
C
ra
s
h
 T
ri
g
g
e
r

T
O
T
A
L

B
u
d
n
y
, 
N
F
, 
4
2
, 
2
0
0
2

C
h
a
p
m

a
n
, 
P
P
C

F
, 
5
0
, 
2
0
0
8

E N
B
I[M
e
V
]

1

-1
1

0
0
.5

v |
|
/v

0



3
6
3
6
/3
8

/3
8

IT
P
A
 M
H
D
 W
o
rk
in
g
 G
ro
u
p

IT
P
A
 M
H
D
 W
o
rk
in
g
 G
ro
u
p

•
M
H
D
 G
ro
u
p
 h
a
s
 i
n
it
ia
te
d
 h
ig
h
 p
ri
o
ri
ty
 n
e
a
r-
te
rm
 I
T
E
R
 t
a
s
k
s

–
W
G
3
: 
A
s
s
e
s
s
m
e
n
t 
o
f 
th
e
 p
o
w
e
r 
re
q
u
ir
e
m
e
n
ts
 f
o
r 
E
C
R
H
 a
n
d
 I
C
R
H
 f
o
r 
c
o
n
tr
o
l 
o
f 

s
a
w
te
e
th
 (
C
h
a
ir
: 
Ia
n
 C
h
a
p
m
a
n
)

•
S
a
w
to
o
th
 c
o
n
tr
o
l 
s
tr
o
n
g
ly
 i
n
fl
u
e
n
c
e
d
 b
y
 f
a
s
t 
io
n
s

–
N
e
e
d
 a
c
c
u
ra
te
 f
a
s
t 
io
n
 d
is
tr
ib
u
ti
o
n
 f
u
n
c
ti
o
n
 a
ri
s
in
g
 f
ro
m
 I
C
R
H
 (
i)
 i
n
 t
h
e
 c
o
re
 f
o
r 

h
e
a
ti
n
g
 a
n
d
 (
ii)
 n
e
a
r 
q
 =
 1
 f
o
r 
m
o
d
e
 c
o
n
tr
o
l

•
E
a
rl
y
 a
s
s
e
s
s
m
e
n
ts
 m

a
d
e
 u
s
in
g
 S
E
L
F
O
 c
o
d
e
 (
T
 J
o
h
n
s
o
n
)

–
N
e
e
d
 a
c
c
u
ra
te
 f
a
s
t 
io
n
 d
is
tr
ib
u
ti
o
n
 f
u
n
c
ti
o
n
 a
ri
s
in
g
 f
ro
m
 N
-N
B
I 
in
 c
o
re

•
E
a
rl
y
 a
s
s
e
s
s
m
e
n
ts
 m

a
d
e
 u
s
in
g
 T
R
A
N
S
P
 c
o
d
e
 (
R
 B
u
d
n
y
)

•
S
a
w
to
o
th
 c
o
n
tr
o
l 
a
c
h
ie
v
e
d
 b
y
 c
h
a
n
g
in
g
 m
a
g
n
e
ti
c
 s
h
e
a
r 
a
t 
q
=
1

–
N
e
e
d
 a
s
s
e
s
s
m
e
n
t 
o
f 
lo
c
a
l 
c
u
rr
e
n
t 
d
ri
v
e
 a
t 
q
 =
 1
 a
c
h
ie
v
a
b
le
 w
it
h
 E
C
C
D

•
S
o
m
e
 w
o
rk
 u
s
in
g
 G
R
A
Y
 c
o
d
e
 (
C
 Z
u
c
c
a
, 
O
 S
a
u
te
r)
 



3
7
3
7
/3
8

/3
8

T
h
e
 f
u
tu
re
 f
o
r 
s
a
w
to
o
th
 c
o
n
tr
o
l 
re
s
e
a
rc
h

T
h
e
 f
u
tu
re
 f
o
r 
s
a
w
to
o
th
 c
o
n
tr
o
l 
re
s
e
a
rc
h

•
E
C
C
D
 C
o
n
tr
o
l 
in
 p
re
s
e
n
c
e
 o
f 
fa
s
t 
io
n
s

–
N
e
e
d
 r
o
b
u
s
t 
e
x
p
e
ri
m
e
n
ta
l 
v
e
ri
fi
c
a
ti
o
n
 t
h
a
t 
E
C
C
D
 c
a
n
 d
e
s
ta
b
ili
s
e
 

s
a
w
te
e
th
 i
n
 t
h
e
 p
re
s
e
n
c
e
 o
f 
fa
s
t 
io
n
s
 (
e
g
IC
R
H
 t
o
 r
e
p
re
s
e
n
t 
α
p
a
rt
ic
le
s
)

–
In
it
ia
l 
a
s
s
e
s
s
m
e
n
t 
m
a
d
e
 o
n
 T
O
R
E
 S
U
P
R
A

•
T
h
o
u
g
h
 s
ti
ll 
s
o
m
e
 u
n
e
x
p
la
in
e
d
 b
e
h
a
v
io
u
r

–
A
ls
o
 t
o
 b
e
 a
d
d
re
s
s
e
d
 o
n
 A
S
D
E
X
 U
p
g
ra
d
e
, 
D
II
I-
D
, 
K
S
T
A
R
…

•
W
il
l 
re
q
u
ir
e
 r
e
a
l-
ti
m
e
 f
e
e
d
b
a
c
k
 i
n
 I
T
E
R
 (
if
 E
C
C
D
 c
o
n
tr
o
l 

w
o
rk
s
)

–
S
o
m
e
 p
o
s
it
iv
e
 s
ig
n
s
 t
h
a
t 
re
a
l-
ti
m
e
 f
e
e
d
b
a
c
k
 c
a
n
 b
e
 a
c
h
ie
v
e
d

–
N
e
e
d
 t
o
 s
h
o
w
 r
o
b
u
s
t 
m
in
im
is
a
ti
o
n
o
f 
s
a
w
to
o
th
 p
e
ri
o
d

–
W
o
rk
 c
o
n
ti
n
u
in
g
 o
n
 T
C
V
, 
A
U
G
, 
T
O
R
E
 S
U
P
R
A
, 
F
T
U
…



3
8
3
8
/3
8

/3
8

C
o
n
c
lu
s
io
n
s

C
o
n
c
lu
s
io
n
s

•
S
a
w
to
o
th
 B
e
h
a
v
io
u
r 
in
 d
if
fe
re
n
t 
m
a
c
h
in
e
s
 h
a
s
 b
e
e
n
 e
x
p
la
in
e
d
 b
y
 

a
m
o
d
e
l
in
c
lu
d
in
g
 f
lo
w
 a
n
d
 k
in
e
ti
c
 e
ff
e
c
ts

–
L
o
c
a
l 
e
ff
e
c
ts
 o
f 
p
a
s
s
in
g
 f
a
s
t 
io
n
s
 f
o
u
n
d
 t
o
 b
e
 v
e
ry
 i
m
p
o
rt
a
n
t

–
F
lo
w
 s
h
e
a
r 
c
a
n
 a
ff
e
c
t 
k
in
k
 m
o
d
e
 s
ta
b
ili
ty
 a
s
 w
e
ll 
a
s
 t
ra
p
p
e
d
 i
o
n
re
s
p
o
n
s
e

� ���
� ���

T
E
X
T
O
R

� ���
J
E
T

� ���
M
A
S
T

K
IN
E
T
IC
 E
F
F
E
C
T
S

F
L
U
ID
 E
F
F
E
C
T
S

O
N
-A
X
IS
 N
B
I 
H
E
A
T
IN
G

� ���
IC
R
H

� ���
?

O
F
F
-A
X
IS
 N
B
I

� ���
E
C
C
D

R
E
D
U
C
E
 δ
W

h
o
t

IN
C
R
E
A
S
E
 S

1
S
A
W
T
O
O
T
H
 C
O
N
T
R
O
L


