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riticalIssues

in
A

lpha
physics
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E
ffects

ofA
lphas

in
tokam

k
plasm

a
can

be
grouped

into:

1.single
particle

2.collective

M
ostcriticalissue:

W
illalphas

be
confined?

1.single
particle:

R
ipple

losses

✓
M

H
D

activity

2.collective:

✓
F

ishbone
instability
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Z
oo

ofA
lfvén

m
odes.

BBBC

N
oncircularity

and
nonidealeffects

introduce
new

types
ofm

odes:
IdealM

H
D

theory
for

TA
E

are
not

sat-

ω
  ���

���
T

A
E

K
T

A
E

E
A

E

K
A

W

E
P

M

isfactory
for

the
m

ajority
of

fast
particle

driven
A

lfvén
instabilities

observed
in

ex-
perim

ents.
N

onidealeffects
are

im
portant,w

hen:
(1)P

lasm
a

F
LR

corrections
are

large:
new

K
TA

E
branch

(M
ett,M

ahajan
’92).

(2)
Fast

particles
introduce

strong
drive

for
the

m
odesX

strong
m

odification
S

trong
drive

introduces
new

types
ofm

odes:
R

TA
E

/E
P

M
(C

heng,G
orelenkov

’95;C
hen

’94,Z
onca

and
C

hen
’96).

N
ew

tools
are

urgent
to

understand
and

analyse
A

lfvén
type

m
odes

excitations
in

T
F

T
R

,D
III-D

,JT
60,S

TA
R

T,N
S

T
X

,JE
T

and
F

IR
E

.



N
onlinear

P
hysics

in
M

ode
E

xcitation

BBBC

Linear
m

ode
apearance

m
ay

be
strongly

effected
by

nonlinear
effects:

✓
frequency

splitting
(JE

T,pitchfork
TA

E
effect)

✓
frequency

chirp
-

rapid
frequency

evolution
(B

erk
&

B
reizm

an,1998).

M
ode

am
plitude

saturation
to

evaluate
particle

losses,can
be

calculated
using

nonlin-
ear

theory:

✓
theory

(B
erk

&
B

reizm
an

1992
-1997).

✓
num

ericalapplication
in

N
O

V
A

K
for

T
F

T
R

(G
orelenkov������

1999).

N
onlinear

physics
can

be
critical

in
such

cases
as

m
any

radially
displaced

w
eakly

unstable
m

odes:
“D

om
ino”

effect.
M

aybe
relavantto

F
IR

E
w

ith
K

TA
E

often
unstable.
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nalysis
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ode

E
xcitation

BBBC

Fastparticles
have

strong
beta

(IC
R
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B

I).F
or

A
lfvén

m
odes

locally:
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¤
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nonperturbative

m
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✓
+�¦¥� ^� ¥§

✓
R

esonantparticles
w

ith DV `����� V a F
D

,and
strong

pressure
gradientto

overcom
e

Landau
dam

pingD� ¨
D

✓
D

rive
stronger

thatdam
ping

from
the

plasm
a,w

hich
includes:

©

background
plasm

a
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electron
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dam

ping

©

electron
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ping

©

continuum
radiative
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ping
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ofnonperturbative
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lfvén
m

odes.
H
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S

T
analysis.BBBC

H
Igh-ª

A
lfvén

m
odes

S
T

ability
code

developed
atP

P
P

L
is

used.
H

IN
S

T
is:

✓
nonperturbative,

✓
fully

kinetic,

✓
uses

F
ourier-B

allooning
form

alism
,

✓
can

producef«

-m
ode

structure
for

high-]

m
odes,

✓¬ L

analytic
equilibrium

w
ith

circular
m

agnetic
surfaces,

✓
now

include
fastparticles

w
ith

M
axw

ellian,slow
ing

dow
n,beam

and
slow

ing
dow

n
+

beam
distributions.

✓
A

lso
has

local
version,

very
usefull

for
m

edium
- ]

analysis
and

first
guess

of
the

m
odes

lcoation.
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analytical ¬ Ld § equilibrium
®

B
ased

on
G

yro-K
inetic

E
quations,w

e
obtain

H
igh-n

2D
E

igenm
ode

E
quation

(see
C

heng,G
orelenkov,H

su,N
ucl.F

usion
1995).
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progress
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E
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P
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P
relim

inary
H

IN
S

T
D

III-D
analysis

BBBC

✓
A

lfvén
m

ode
is

strongly
coupled

to
the

continuum
-

R
TA

E
.

✓
R

TA
E

has
m

axim
um

grow
th

rate
atsm

allslightly
positive

shear
m

inor
radius.

✓
M

ode
can

be
stabilized

by
negative

shear.
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O
ther
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eters:
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variations
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4

8.94
6.74

12.5
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free
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R
egular_ -profile

w
ith

relaxed
fastparticle

pressure.

BBBC

If
the

profile
is

allow
ed

to
relax

w
ithout

particle
loss,

stability
to

these
A

lfven
w

aves
is

achieved.
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Inversed_ -profile

BBBC

R
TA

E
is

found
near_ (´)

atcritical� � �§�´� F
¤ øf*

atZè ÷ F
¤ øý

,(local� � F
¤ ø¤ ý	

).
N

O
relaxed

R
TA

E
stable

profiles
w

ere
found.

A
lphas

w
illbe

trasported
outside_ (´)

surface.



Toroidalm
ode

num
ber

dependence

BBBC

Low
est ]

num
ber

is
the

m
ostunstable.

D
IIID

gives
the

sam
e

resultand
is

supported
by

H
IN

S
T.



R
elaxed� � L

profile
couples

R
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E
to

K
B

M

BBBC

R
elaxed

critical� � �
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at#$&%
�
�  ,

analysis
and� �

�
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"

for
K

B
M

.
K

B
M

probably
w

ere
seen

in
D
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,w

here
shear

is
larger

outside. /�0
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S
um

m
ary

and
F

uture
plans

BBBC

1.R
egular_ L

profile
case

in
F

IR
E

can
be

stable
against

R
TA

E
ifalpha

particle� � �
1

¤ øüù
.

K
TA

E
seem

s
to

be
unstable

if� � � ¨
¤ øù

.
A

lphas
transport

is
not

expected
large

due
to

K
TA

E
exceptin

case
of“dom

ino”
effect,butneeds

to
be

studied.

2.Inversed_ L
profile

plasm
a

is
very

unstable.

(a)
Low

threshold.

(b)
C

oupling
to

K
B

M
outside_ (´)

surface.

3.D
IIID

provides
sim

ilar
plasm

a
conditions

for
studying

R
TA

E
s

effects
on

fast
parti-

cles.
S

hear
effectm

ay
be

studied
atD

IIID
.

4.M
ultiple

m
odes

effecton
fastparticles

is
very

probable
to

be
studied

in
N

S
T

X
.

5.N
ew

code
w

ith
capabilities

ofH
IN

S
T

butfor
low

-]
num

bers
is

urgentto
understand

m
odes

w
ith

strong
drive,such

as
E

P
M

/R
TA

E
,B

A
E

.

6.N
onlinear

m
echanism

m
ay

introduce
enhanced

losses
even

in
w

eakly
instable

m
odes

suhch
as

K
TA

E
.

N
um

erical
study

is
nesessary

for
quantitative

analysis,
w

ith
codes

such
as

M
3D

.
N

um
ericalcalculations

need
to

be
understood

w
ith

the
help

oftheory.


