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Pedestal H
eight and ELM

 behavior are key issues for N
ext Step

•
Core transport m

odeling indicates profiles are quite stiff, P
fus ~b

ped 1.8,
pedestal conditions essentially determ

ine perform
ance [Kinsey,W

altz]

•
Large ELM

s pose risk of severe divertor erosion

•
Begin U

niform
 Technical A

ssessm
ent of pedestal constraints due to

M
H

D
 stability, and predictions of ELM

 behavior for  ITER-FEA
T,

FIRE, Ignitor
–

“U
niform

” is a challenge as Ignitor plans to operate in L-m
ode.  For now

,
ignore this and calculate constraints that w

ould exist if it did have an
H

-m
ode-like pedestal.

•
U

ncertainty in pedestal transport, particularly in physics setting the
pedestal w

idth, leaves gaps in our predictive capability
•

Suggestions for how
 to proceed w

elcom
ed



Procedure for evaluating ELM
/pedestal stability

•
Construct m

odel equilibria, m
atch design B

t , Ip , R, a, k, d, <n
e >

•
D

ensity and Tem
perature Profiles have tanh pedestal profiles and polynom

ial
profiles in the core (w

here Y
< Y

ped )

–
a0  &

 a1  chosen to give desired pedestal and axis values
–

 a
0  &

 a
1  chosen to m

atch expected core profiles from
 transport codes

–
N

ote that these instabilities are relatively insensitive to details of core profiles
•

Current profile aligned to Sauter collisional bootstrap m
odel in the edge, core

profile chosen to give q
0 =1.05

•
W

idth (D) and height (T
ped ) of pedestal are varied, and M

H
D

 stability boundaries
for n=8,10,15,20,30 are evaluated w

ith ELITE (requires hundreds of full
equilibrium

 constructions and thousands of M
H

D
 stability calculations)

•
“Baseline” case: n

ped =0.71<n
e >, n

0 =1.1<n
e >, n

sep =0.3<n
e >, a

n0 =1, a
n1 =0.5, a

T0 =1, a
T1 =2

•
ITER

: B
t =5.3T, Ip =15M

A
, R=6.2m

, a=2.0m
, k=1.85, d=0.49, <n

e >=10
20m

-3

•
FIRE: B

t =10T, Ip =7.7M
A

, R=2.14m
, a=0.595m

, k=2.0, d=0.7, <n
e >=3.6 10

20m
-3

•
Ignitor: B

t =13T, Ip =11M
A

, R=1.33m
, a=0.455m

, k=1.8, d=0.4, <n
e >=9.5 10

20m
-3

•
Som

e caveats: no separatrix, up-dow
n sym

m
etric m

odel equilibria, ideal M
H

D

†
 

n
e (y

)=
n

sep
+

a
n0 {tanh[2(1

-
Y

m
id )/D]-

tanh[2(Y
-

Y
m

id )/D]}
+

a
n1 [1

-
(Y

/Y
ped ) a

n1] a
n2

†
 

T(y
)=

T
sep

+
a

T
0 {tanh[2(1

-
Y

m
id )/D]-

tanh[2(Y
-

Y
m

id )/D]}
+

a
T1 [1

-
(Y

/Y
ped ) a

T
1] a

T
2



Expect that m
ost unstable m

ode w
ill often be coupled peeling-ballooning m

ode at
interm

ediate w
avelength (5<~n<~50)

N
eed to scan real equilibria in several param

eters sim
ultaneously and explore stability

constraints over a w
ide range of n -> N

eed a fast code
ELITE is a 2D

 eigenvalue code, based on ideal M
H

D
 (am

enable to extensions, includes
sim

ple m
odel of diam

agnetic stabilization):
G

eneralization of ballooning theory to incorporate surface term
s w

hich drive
peeling m

odes, and retain first tw
o orders in 1/n  (treats interm

ediate n>
~

5)
P

lasm
a displacem

ent, X
, expanded in polodial F

ourier harm
onics:

M
akes use of fact that each u

m (x) is localized about its ow
n m

ode rational
surface w

here m
=nq => fast and efficient code

S
tudy coupled peeling/ballooning m

odes and quantitative constraints on edge
gradients and pedestal height.  G

row
th rates and m

ode structures generated.
S

uccessfully benchm
arked against G

A
T

O
 and M

IS
H

K
A

[P
.B

. S
nyder, H

.R
. W

ilson et al P
hys P

las 9 2037 (2002); H
.R

. W
ilson, P

.B
. S

nyder et al
P

hys P
las 9 1277 (2002)]
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Sam
ple M

odel Equilibrium
 Profiles

•
The pedestal w

idth (D) is varied from
 ~1%

 to 12%
 of the poloidal flux

(D/a~0.005-0.07)
•

A
t each value of D, T

ped  is increased (w
ith Jbs  calculated consistently)

until  instabilities are triggered

ITER-FEA
T m

odel profiles for D/a~0.03, T
ped ~5keV

 case

T
pedD



Pedestal Stability Constraints on T
ped

•
T

ped  lim
it is a strong function of pedestal w

idth, but notably sub-linear,
particularly at narrow

 w
idth (~D

2/3)
•

Interm
ediate to high-n peeling-ballooning m

odes are m
ost unstable. ITER

&
 FIRE show

 significant second stability to high-n m
odes at larger w

idths.
•

U
seful m

etric for com
paring m

achines is b
ped  or b

N
ped  (see follow

ing)
•

 D/a=0.03 provides a useful reference point, sim
ilar to present observations.

A
t this w

idth or larger, T
ped  is in range needed for good perform

ance.
[J. Kinsey transport talk W

ednesday m
orning]



Stability constraints on b
N

ped , b
ped, a

c

•
 b

N
ped provides a useful figure of m

erit for inter-m
achine com

parisons
•

Stronger shaping fi
 higher b

N
ped  &

 a
cped

•
Ignitor has largest I/aB=1.86, ITER=1.42, FIRE=1.29

•
M

axim
um

 stable b
ped  im

portant for core transport, rem
arkably sim

ilar
betw

een m
achines

•
 a

crit  decreases strongly w
ith w

idth
•

[note: these figures contain the sam
e data as the previous page, selecting the m

ost unstable
n and re-plotting the stability threshold in term

s of other vars]



V
ariation w

ith triangularity and density

•
Calculated at fixed w

idth D/a~0.03 (5%
 of flux) and reference param

eters
except the one varied

•
Increasing triangularity (d

a ) is stabilizing, levels off around d
a ~0.5

•
Increasing density low

ers edge bootstrap current, restricts 2nd stability access.
A

ppears possible to increase perform
ance by operating at low

er density;
tradeoffs w

ith divertor, ELM
 size?



U
nstable M

ode Structure and ELM
 size

•
ELM

 size expected to be related to unstable m
ode w

idth,
but details of this relationship are com

plex and uncertain.
•

Calculated m
ode structures extend beyond pedestal. Som

e
dependence on n.

•
ITER &

 FIRE appear able to access 2nd stable edge
regim

e and explore tradeoffs betw
een higher pedestal and

possible larger ELM
s due to low

er n instabilities.

2D
 Structure of n=20

m
ode in FIRE m

odel 
equilibrium

 w
ith

D/a=0.03, T
ped =5keV

n=8
n=20

Com
parison of radial eigenm

ode structures for n=8 &
 20 in ITER-FEA

T m
odel

equilibrium
 w

ith D/a=0.03, T
ped =6.2keV

.  Low
er n m

odes are slightly m
ore extended



Sum
m

ary/Plans
•

M
H

D
 stability im

poses constraints on pedestal height, w
hich are strong

functions of pedestal w
idth (but not linear w

ith w
idth) and plasm

a shape.
Constraints are ~sim

ilar betw
een m

achines.
•

Lim
iting instability is interm

ediate to high-n peeling-ballooning m
ode.  Strong

shaping opens 2nd stability, and leads to low
er n for lim

iting m
ode.  M

ode
w

idth extends som
ew

hat beyond the pedestal.
•

U
ncertainty about the pedestal w

idth m
akes precise prediction difficult.

O
bserved correlations (D~b

p 1/2, D~r
x) are ~expected from

 the stability
constraints and m

ay provide lim
ited inform

ation on physics setting the w
idth.

Finite-n stability constrains the w
idth as w

ell as the gradient, but
understanding of transport likely needed as w

ell to accurately predict w
idth.

(pow
er dependence of w

idth is a key question)
•

For D
/a in observed range, constraints allow

 b
ped  in vicinity of w

hat’s
predicted to be needed for good perform

ance (G
LF23 K

insey, W
altz).

O
ptim

izing shaping &
 density m

ay increase it further.
•

These are prelim
inary results w

ith ideal M
H

D
.  N

on-ideal effects such as
diam

agnetic stabilization w
ill be considered - expected to increase stability

threshold som
ew

hat and m
ove m

ost unstable m
ode tow

ard low
er n

•
Plan to param

eterize stability constraints, and try to use better understanding
of pedestal stability to “back out” behavior of w

idth from
 the database


