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NSTX ——

* Presented here are some highlights from 2004's research effort, with a
discussion of implications for the plan and goals for 2005 - 2007. The
2004 run period saw increases in operating space that enabled
extensions of studies of high beta plasma science. In establishing the
physics basis for long pulse, high beta ST operations, advantage was
taken of this with an expanded set of diagnostic, analysis, and control
tools. Research in 2004 focused on critical elements of transport,
including turbulence measurements and the studies of electron thermal
transport. MHD studies include the first application of active field
perturbation coils. Solenoid-free startup and sustainment research
focus on exploration of new startup techniques, as well as EBW
research aimed at assessing the viability of EBW current drive.
Boundary physics studies focus on edge transport characteristics as
well as the nature of the mechanisms driving the fluxes. Examples of
progress and issues, and elements of the plans regarding each of these
topics will be outlined.
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Unique NSTX plasma properties provide scientific leverage in all
major areas of toroidal confinement research

Strengthen the scientific
basis for fusion energy

Experimental
cg%ﬂxnaﬁon

Core
transport &
turbulence

MHD: stability &
helicity injection

Theory-
experiment
coupling

Edge
transport
& stability

\Wave/particle
interactions

Test theory by isolating important physics and challenging models
at their extremes of applicability



NSTX research is entering a phase of advanced
diagnostic implementation and advanced control

Control topls to nnovative  Inter-device focus for
) test phyS|CS & . . ) FY (05
enabling increase diagnostics studies -
operating space 07
: Optimize long-
: 4 Strengthen physics ) / lle - hg
Assess high f, low A basis with advanced PLSSE"
physics with passive measurements &
control control at high B & SZ i’;gfgse”
> , o \ /< understanding
High p impact on / \ _
science turbulence, Unique edge B
waves, MHD  High Large super-  structure

Viow/Vaiven Alfvénic n,

- Take maximal scientific advantage of ST plasma characteristics
through novel diagnostics and new control tools, and targeted
inter-device studies
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NSTX ——

NSTX research led to an expansion of
operating space in 2004

Reduced latency improved vertical control at high-k, high-f;

_ . Capability for higher x, 6
More routine high x, & allowed higher IP/aBT
Longer current flattop duration Significantly more high-p

Touise = T(>0.85 1 1a4) (By=6.8 %'m-T/MA achieved)

Elongation |,/aBr (MA/m-T)
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Stronger shaping enables access to higher 3+ regimes

and continues to be a high priority
« Modification of PF 1A should « Will allow extension of

enable higher simultaneous tests of stability theory
K (=2.7) and 0 (=0.9). This in addition to
work has been accelerated anticipated p increase
and will occur this outage.

Goal with

PF1A 2004

modification |’ ’ j]ﬁj: ‘
/ NJ N“\ Y\'\’.
= | 1 2Nk
e L |
I i
m i |
B I yaR-
B Ha y/ e
,E‘ A// )‘?‘(4 )’:;Ir
¥ Planrg)gl_d
capabllity
mOd'f% present for 2005

PF1A
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MHD & macroscopic plasma behavior

enabling Strong shaping  Active feedback Helicity
golls njection Optimize stability
of high B
4 i i )
Passive stability Physice ol Dovglier
limits & mode techniques
characterization Expand operating .
S space Yy Deepen physms
7 \ X understanding of
/ \ \ stability &
Flows reconnection
science NTM physics

Nonlinear fast Dynamo
ion MHD physics

MHD physics opportunities
- Distinguish V,, C, effects for RWM dissipation physics

* ViolVa—= 1 = Vi ~ V"™
« Test NTM stabilization theories at low A
«  Dynamos and helicity generation
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High  obtained despite large 1/1 modes

« Sawtooth activity rare athigh B 4

— Rotating 1/1, usually =  roll-over ol - Br (0/) % jﬂ 319% 1_'
* In highest B shots, 3 saturates —t ,‘“’r |
or actually rises during 1/1 activity -

1“/ -
. - 108989, 1.2MA, TMW
- 1/1 saturates or decays at high B o= 108103, 1.0MA, 5MW ]

200 -
* B—1.2-1.4 x onset B %10_—

— Onset By = 4.2 - 4.5 ~n=1ideal limit °f

— These shots reach ,=5.5-6 le

» Synergistic effects may aid high B [ yeutron

— 1/1 mode flattens core p and J 1.5 Rate (10%s)
« Large fast ion diffusion or loss

— H-mode onset broadens p and J
— Broad p, J + rotation stabilizing

How do the modes saturate?

Menard, IAEA 2004
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Rotation effects are strong in NSTX plasmas
Mg =V, / Vegung = 0.4-0.8, M, =v, /v,=0.2-0.4

Centrifugal effects evidient in n (R) profiles:

2.5 T 14F

| 12k : Solid curves:
| st i MHD model n_(y,R)

0.6F

T, (kev)
20F T, (keV)

Dashed curves:
N.(y) = density w/o rotation

] u.df
0.2F 4107540 at t=333ms

i 1 ]
4 | -
1 0.0E . . . -
| 04 06 08 1014} 12 14 /
04 06 08 1.0 1.2 14 49F Ny, n, (10"m?) | \
T T T T T T [ |
f,(C*) (10* Hz) !
f,(D"*)NC _.oda

: MHD model n (y,R)
35F -
: AT T can match n, data
1 30F S : R
] A . k 25;— ‘J"'I "'.-""'—-.- 1 ‘ﬁ‘h‘ Ne(ll!)
] 2(]5_ J’, nl:} 1

| W. Park, HP1.013

| 1.5F

04 06 08 1.0 1.2 14 0.4 0.6 0.8 1.0 1.2 1.4
Radius (m) Radius (m)
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Rotation data => sheared flow correlates with saturation

BT <23% BT < 31% NOTE: Carbon f, data is 20ms average >> T ;4 » 1ff¢

Br=23% - Rotation flattens, broadens, collapses

t=190ms

20F
0.5 [
I Pur/10 {MW] 1 _ t=210ms
i= f (R t) 5: K t=230ms
[}Sg [ D rot ’ 10 _ t=250ms
b Br (%) (kHz)
'_ r 10kHz
20 5k
15} 3 [
oF 3{:mt-_‘ i:
sk 230ms | 250ms A
p - 0.8 1.0 1.2 1.4 1.6
30

£,(0) (:kHz) Bt = 31% - Rotation flattens,

20 T
15f F ) t=180ms ]
10k 20 e t=210ms -
sl r e, t=230ms ]
g o 6 t=250ms .
0 ( ) 15} "~ _
‘:g [ fmt R,t 10f f ]
_ (kHz) : A :
0 sf -
-10 .
-20 ot .
1.50 0.8 1.0 1.2 1.4 1.6

1951 Radius (m)

1.00

IS | A Nl -] Favorable q or Q, profile slows mode growth?
ors[WOMSE) 1 1 | | Enough rotation retained for later saturation?

010 0.15 0.20 0.25 0.30

Time (s) |1
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Unstable RWM dynamics follow theory

. pure growth gotatlon during growth F-A theory / XP show
SIS _ |4 — mode rotation can
F, 2l o nowallunsiabie 2| | occur during growth

o | n=23 | 71 ([ n=1-3no-wall unstablg~_—" _

60 [0B,[(n=1) | 30l T 7 — RWM phase velocity
a0 | 200  g,<1 follows plasma flow
Sa |6Br|(n=1)(ext.)j\/w I o P _

— B — growth rate, rotation

(G)

§% 8B,|(n=2) © 50 ; frequency ~ 1/7,,

10 , mWVJM - Unstable n=1-3 modes

T observed

—~ 20 [0B,|(n=3) | :

S 10 | — ideal no-wall unstable
N o ’ (DCON) at high g,

5390 | 300 ] — n> 1 expected by

@ 200 1 20 ]

100 ¢Bp(n=1) 1100 , theory at low A

— 20

5 B <oz, omam | || %% —— "+ Low frequency tearing
o0 Owa—vv»/\/\\p\w/\,«uﬂ modes absent
:%8’ 114147 ] :%8’ 114452 ] Sontag, BI1.003
0.22 0.24 0.26  0.280.18 0.20 0.22 0.24 0.26 0.28
t(s) t(s) Sabbagh, JP1.008

Zhu, CO3.008 n
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Fast camera shows scale/asymmetry of RWM

e

4
0
0

SRSt

Lot

TS

114147
t=0.268s

114147

114147

* Visible light emission toroidally asymmetric
during RWM
« DCON theory computation displays mode
— uses experimental equilibrium reconstruction
— includes n=1 — 3 mode spectrum

— uses relative amplitude / phase of n spectrum
114147 measured by RWM sensors

t=0.250s

12
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Active feedback will enable mode damping theory tests,
leading to a tool for operations near the with-wall limit

- Compared to tokamak,

— Similar sound speed, smaller V.., larger
Vflow/VAva'en --> d|St|ngU|Sh mOde damp|ng VALEN model_of NSTX
theories thru complementary research (ITPA) ey e
— At lower A, higher n modes expected to be more

important --> benchmark RWM theories Vacuum

Vessel

-
Conducting Plates

- First stage: controlled variations to assess ~ Feedback |
damping physics & enable initial active coils
feedback studies

— Use improved magnetics diagnostics to identify
elements needed in feedback loop Inernal Sensors

- By end of ‘07: enable high beta plasmas near Columbia U.

the with-wall limit for At >> <,
Important for AT, ITER, ST,
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Non-inductive Current Generation Explored by Various Techniques

1) PF-only startup
- 20 kA generated

Need to maintain plasma on

outside where V|, is high

W. Choe, PP1.003 Menard
KAIST

2) Transient Co-Axial Helicity Injection
- |, up to 140 KA, 1/I up to 40

p’ 'injector

e Ve () | 1437

Echi (kJ) {5

I | | . NB|3MW ) ) :0
4 5 6 7 8 9 10 11 12 13 14

Time (ms)

Need to extend |, beyond
duration of |.

injector

Raman, CO3.006
U. Washington 14
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Developing the physics basis of coaxial helicity injection

brings the NSTX program into the arena of dynamo physics

* Reconnection theory & dynamo |

. : S

formation: laboratory and astrophysical | j: N

relevance ! N\

. ] | | Insulating gaps

— With long-pulse CHI, resultant toroidal . /

plasma current is driven by dynamo | ) T J,,,:f( B, Drift
voltage associated with MHD & Vs, /
reconnection

|
|
U. of Washington i .

«  NSTX internal measurements will
enable benchmarking of comprehensive
MHD simulations

— NIMROD, fully 3-D with strong coupling
to transport physics, is applied to SSPX
and will be brought to bear on HIT-1l &
NSTX (Sovinec (Wisc); SCIDAC)

— Also X. Tang (LANL)

»  PF induction joins CHI as the major , _—
approaches to solenoid-free plasma NIMROD results for SSPX on Boloidal flux (solid lines),
Startup for FY :05 _ ‘07 (W /U Tokyo) magnetic topology (punctures), and temperature profiles

(color) during partial drive.

T IR

Success in this arena will benefit the AT as well s
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Transport & turbulence

| Particle q profile & Pedestal
enabling control: reverse optimization
lithium shear
Optimize
N 7 confinement +
Global scalings (" Confinement | Jps In long-
optimization puiSSRlih f
Local ¥ _
Role of p + E;in x & Extend physics
Edge turbulence S turbulence ) understanding
) of turbulence
Electron thermal Lo on. slectro to unity
j transport: High k €-M €fiects, n, electron
Seenee scpattering low & hi k  transport: low k
imaging
Transport & turbulence physics opportunities
P 4 4 Edge/pedestal-
* Role of B: onset of electromagnetic effects related transport
broadens theory/experiment comparisons issues to be
- Electron transport: Broad range of k for theory discussed in

tests boundary section
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Understanding electron thermal transport will

be a focus for ‘05 - ‘07

XIS_RAN: Xi, Xe, Xine, Xphi (108730 @0.500000)

The dominant energy loss

]
=]

"rla"=0.5

| LeBlanc,
R. Bell,
| Kaye

channel & a topic of broad | B taskion
importance to fusion & A}
burning plasmas, including £ 10 |
ITER. £
é 5
z
Potentially important for RF & i e akah
CD s
0.2 0.3 04
Time

While yx, transport is rapid, it

can be modlfled 112989, 112996 0.210 sec
— Why the flat center? 15'_Faster R T,
*| ramp

Collaborative core transport “"
similarity experiments through
ITPA (MAST, DIII-D)

20 40 B0 a0 100 1z0 140 180
RADIUS (om)

| 0.5 | 0.6
Rapid cold pulse propagation
following ELM

I I 1
4I6 428 430 432 434 436

Stutman, JHU t (ms) 17
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Core turbulence characteristics being explored
with measurement and theory

Fast ramp 112989

CONTOURS :

SEC##-1

= 2.0000E+05
= 3.0000E+05
= 4.0000E+05
= 5.0000E+05
= 6.0000E+05
= 7.0000E+05
= 3.0000E+05

[ B T T e B T = e

t (s)

1 gy

100 110 120 130 140 150

R(cm)

- What are the modes near the
transport barrier with such
large correlation lengths?

Fast ramp 112989

10-

02 04 06 0.8

GS2 analysis points to
possible roles of ETG modes
in electron thermal transport
— utearing suggested in higher
n, H modes

18
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High k scattering measurements will be
developed in FY’ 05

- Initial system will allow range of k o NG
measurements in select locations High k
(2 - 20 cm') with good spatial scattering
resolution & An/n <0.1% ‘ i g

- Major installation this opening.

Luhmann (UC Davis), Munsat (U. Colorado)
Mazzucato, Park, Smith (Princeton U.)

¥ | “i: ’ .:;;:_5.!
; i _ FP L e 1 T T T \ T
e | 1 ;' | e k =5-30cm’”
I'|'|'ﬁ-"|6“"|'-“|(3’ B :-f H 5' klpe
a (b) 0.1
0.1 ko 1.0 10.0
1-0 k(cm-1) _ 10_ 0.01 | | | 1 1 1

20 40 60 80 100 120 140
fiGc Ricm]

ET¢ 19
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The plan aims to make NSTX a test bed for turbulence

theory validation on at least three leading fronts

GS2 flux tube simulations of NSTX
turbulence (Dorland, U. Maryland)

Low-k imaging (Mazzucato, Park; Munsat
(Colorado), Luhmann (UC Davis))

* Critical physics (1):  Critical physics (2): -« Critical physics (3)
interactions between ion electron thermal electromagnetic
and electron scale transport effects in
turbulence turbulence as

local § --> 1

Need & opportunity: strong theory community coupling

20



NSTH ——

Waves & energetic particles

Heat low | EBW tube.
plasmas for NBI at Launcher
enabling ramp-up modest B development
/ Reduce V-s
: ! through Jgg
HHFW heating 4 Coupling startup N and direct CD
phasing, & CD’ techniques to ramp-up
EBW emissions Wave physlics in EXO ohysics
\_ overdense plasmas \ ) i
of waves in
HHFW wave Super- - overdense
' , L. EBW physics: mode lasmas
science Alf C _ p
ar?thefrzzstgzr;re parti\::?:; & conversion & f(v)
MHD modification

Wave-particle physics opportunities

HHFW, EBW: wave coupling, propagation & deposition for overdense
plasmas (for ST, RFP)

EBW: Ohkawa current drive with high trapping fraction
« Non-linear fast ion MHD with large super-Alfvénic population

21
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A major HHFW research priority for FY ‘05 - ‘07 is using it
to assisting in an |, ramp-up without a solenoid

: i > M ]
Solenoid- Qe 5 Ch } Jietlon
free portion & | wliai %_W %-F T T
of the I, 1 it = MV :
ramp, N EEFEEEEEEELEEEEE SRR EEE LR EEE R T
before
_beams. %4 //‘.'!"'!EI!"""' :::::Tiiiiii”i_ K:.
Direct CD + ; : AT TS Z ssann LA ]
s § i e Ehikunnsa e
© 1HNRC ' 0y AREERE
2 e B e T e e e o - Ik B e i S i e i e B TSC
time, s time, s
« Scenario must «  Control work will target - EBW can be
elevate |, to level controlling antenna gap brought to bear in
where beam ions can with low currents, and ‘08 with increased
be confined hand-off from seed current  budget

(hundreds of kA) Kessel

22
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More detailed look at HHFW this year reveals
puzzles

Mixed evidence thus far for significant HHFW heating in the
presence of NBI heating

Puzzling wave number dependence of heating efficiency
(without beams)

— > 80% absorption at 14 m -1,50% at -7 m'1, 75% at +7 m -1, ~0 at
+3 m-’

At + 7 m', HHFW modulation experiments reveal t¢
in cases where heating efficiency is lower
— How is phasing difference inducing an apparent change in

transport? Wilson, CO3.012
Ryan, CO3.013

IS higher

inc

23



Stored Energy (kJoules)
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HHFW Absorption Depends on Antenna Phasing

HHFW modulated to assess
% absorption

35

30

25
20

1
L 113492 |

113500 |
T 113496 i
| 113504 |

0.18 0.20 0.22 0.24

Time (sec)

Absorption

0.26

Edge ion heating _ parametric decay of HHFW

0.6 —— —
" He-ll
| 4686 A ey #Pt
—_— -I-FI' +
>  04r X
® : ++ ]
3 “+ Hot component -
02| * '
[ # Cold component |
- @ [ Y & Dmm

0'OO 1 2 3 4 5

PRF (MW)  Bjewer, RI1.001

HHFW:Launch
ank I f~ 1 Frequenc
30 ci i Treanency

40 IBW Frequ}encie*:aL

k=14 m= 80%
7 m7(ctr) 75%
-7 m1 (co) 40%
3 m’ 10%

Spectral Amplitude (dB)
&)}

-70 | AMW
_80..|...|1.“\: ...... I

20 22 24 26 28 30 32

Frequency (MHz)

Evidence for parametric absorption processes

found in spectroscopy, RF probes



Plan is to clarify physics behind range of results,
and make changes in operations & rf hardware

where warranted
Sheath physics

— This opening: extend BN tiles at antenna, install Rogowski’s at
passive plates, RF probe on reciprocating probe head, Reverse B-
experiments. Modify antenna feed to reduce near-antenna E, (next
opening)

Parametric absorption
— spectroscopy, reflectometry

Core wave penetration
— reflectometry, turbulence scattering

Rapid electron thermal transport

Modeling RF sheath physics with realistic conditions to estimate
power dissipation and the k spectrum launched into the core would
be of high value to NSTX

NSTX ——

25
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ST properties and recent experiments make EBW
attractive & high priority

NSTX, B = 42% Trapped-Passing
Unorm = 30 keV Boundary

EBW current drive takes advantage of high
ST electron trapping fraction via Ohkawa
effect. The ST is perfect for exploring this
science.

Recent NSTX emissions evaluating EBW
coupling are promising

Modeling indicates efficient off-axis current
drive

Magnetic Field Pitch
-+— 35-40 Degrees —-

1.6 T T T

Total 12
EBW
Trad (keV) 08
{Including

WindowfLens 0.
Loss)

T T T 1T T 1

2.0

Ratio of
Radiometer 1.0
Signals

0

1 1 l 1 [l
Field 49 T
Pitch B —
vl [ /'—\
10| . . : . :

Uperp/ Unorm

UparaIIeI/Unorm

Frequency = 28 GHz
EBW Power =3 MW

Total Driven Current = 135 kA

T T
1.5 T

W
o

>

Antenna |

Current Density (A/cm2)

1.4

4
R(m)

o

0.2 0.4 0.6 0.8
p

Taylor, CO3.014

Compx

Genray/

CQL3D

26
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NSTX’s large population of super-Alfvenic fast
particles enables an important branch of nonlinear
MHD physics to be studied

Viast ion/ Vaven ~ 3, Similar
to ITER values of ~ 2.

Unique access to
multimode Alfvenic
turbulence in nearly every
NBI discharge

Fast ion population
cannot be treated as a
perturbation - coupling
with MHD must be treated
self-consistently

Fredrickson, IAEA 2004

2500 [

1500 F

Frequency (kHz)

)]
o
o

—
o
o

- (HYM, Nova- k)

CAE/GAE

109022 A

Time (sec) |
Heidbrink (UC Irvine), NP1.014
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Plasma boundary interfaces

Radiative
o Lithium studies for Optimize ELMs divertor
enabnling influx control regimes |
Optimize high
B, long pulse
regimes
Power balance " Lithium pellets & ) through
. coatings pedestal
Heat flux scaling _ _ modification
Pedestal & ELM Fueling studies
character \___ SOLtransport [ Assess
/ boundary
control needs
. Pedestal-_core L-H goL Pedestal stability for steps
science connection t A b d NSTX
transition transport &  atlow b

physics turbulence

Boundary physics opportunities

Advanced heat and patrticle flux management
techniques relevant to all toroidal confinement concepts

SOL transport: intermittency & shear Alfvénic turbulence

28
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Details of ELM characteristics documented
with fast camera

Type V ELMs:
small, with little
change in stored
energy

— So far, found in
high n, regimes

ELMs frequently
originate near
separatrix and
propagate towards
the midplane

Type V

Small,
filamentary,
perturbation

Type |

Larger low n
perturbation

Tritz, CO3.005

29
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Predicted edge pedestal stability differences
between lower and higher A to be tested

T T T 1
- —o— 5=0.0 -
- \ —m— =03 -
I ] 1

®
o

ELITE code predicts easier access
to 2nd stability at low A with
moderate shaping

o
o

Pedestal Pressure Limit (kPa)
I
o

T e — il
Prediction is the basis of an ITPA 2.0} ELITE -
proposed experiment with NSTX, Snyder, GA
MAST, and DIII-D 0.055 50 ' o0
Major Radius (cm)

Strong poloidal mode coupling T
expected at low aspect ratio
presents a powerful opportunity for i
validation of edge stability codes /
(e.g. ELITE)

: . Maingi (ORNL), NSTX\»
Challenging pedestal models is of Osborne, Snyder !
high importance to ITER and (GA), Kirk, Wilson,

i Counsell (UKAEA) 4L
burning plasmas w o S u
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Imaging & probe measurements provide a
powerful test bed for edge turbulence codes

Goal: build a physics understanding
of edge turbulence based on
simulation/experiment comparisons

NSTX may be revealing new class
of turblence in the edge, as BOUT
simulations point to shear Alfven

Zweben, CO3.011

eigenmodes |
— large gyroradius challenge the code L mode Probes-
.. _ es.
at new limits (Umansky, LLNL). Nixy(y) fem] Boedo, C03.010

benchmarked edge models in —
different conditions ==> increased ~
confidence in models of SOL
transport for ITER

(poloidal)

ITPA collaborative effort with C-Mod ™ over ot Umansky, LLNL

BOUT simulations underway based on measured
profiles & NSTX geometry (preliminary) 31
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Lithium edge flux control studies start with pellets, and may
culminate in a powerful edge control approach

Manifold

with . )
norzles Modified tiles

Catcher/ return
\ / \ mainfold
I 1 I 1 A

O

.-.-’-’ "—--- S

Reservoir

Drain line
Sump pump

Liquid lithium module:

Li pellets: injector e-beam for Li decision following
commissioned in ‘04 coatings in ‘06 coatings studies
- Develop deposition -« Licoatings: localized, - Under ALIST group of VLT
techniques in ‘05 1000 A before every . Would represent a
shot revolutionary solution for
Kugel, JP1.007 both power and particle

handling 8



40% B+ with ~100% Iy, T

pulse

NSTX ——

>> 1., demands development of

new tools and understanding their underlying physics

NBI + EBW. NBI provides J\g + Jgg
EBW drives current off-axis, less Jgg

Particle control required to maintain
moderate n, for CD (4x10'° m-3)

Near with-wall limits = mode control
+ rotation are key

Enhanced shaping improves
ballooning stability through
simultaneous high 6 and «

Successfully coupling HHFW to NBI
would provide additional Jgg

Critical issues include Jyg in the ST &
thermal confinement improvement

1.2 4\

j-parallel
o
(0
:7
2
D

0.4 booptst

1000 777
< 800
~< 600
£ 400

.

L] (%]

gaxis

q(min)

Kessel, TSC
R S A IAEA 2004

A
/]
i/
1]
B
!

na
E |l

FFFFFFF

33
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NSTX research for ‘05 - ‘07 is well aligned with the fusion
program’s scientific priorities and supports strategic goals

FESAC Theme: Understand the role of FESAC Theme: Learn to use energetic
magnetic structure on confinement, & particles & e-m waves to sustain and
plasma pressure limits N S TX control high temperature plasmas

Stability pressure limits & magnetic

b A sh i EM waves in overdense plasma;
IECRIEEHION TR L SIS EONE Y Phase space manipulation with high
& flows, for internal & external

' BRI 1 s 1 e electron trapping, energetic ions with
ch;d is ;/V’th Vf/%/\/ 4 <04 &unity f Vo S large orbits; Alfven eigenmodes and
elicity transpo - turbulence with V. /V, >>1

B | Determine Most Promising
Configurations

Demonstrate Feasibility with &
Burning Plasmas

Develop New Materials,
m | Components, & Technologies

Develop Understanding and
Predicitve Capability i

Microscopic ion, electron, and tearing R Physics of ELMs, pedestal, SOL
turbulence measurement & theory 5% 07 - turbulence & h/'éyh diverto'r heat

comparison over Mde range ’b B NN flux, with large in/out asymmetry;
flows, and magnetic shear, with good Li coatings & liquid surface

average curvature and high trapping interactions with plasma.

FESAC Theme: Understand & FESAC Theme: Learn to
control the processes that govern control the interface between a
confinement of heat, momentum, 100 million degree plasma and
and particles its room temperature

surroundings s



NSTX ——

NSTX research for FY ‘05 - ‘07 will extend the
reach of plasma science, advancing the ST

and fusion energy development

» The deepening of the science will form the basis for
advancing the ST concept

« The unique properties of NSTX plasmas, combined with
advanced diagnostics & collaborative experiments, will
enable targeted tests of theory and simulation of value to
all toroidal confinement systems

* The program addresses the overarching priorities of the
fusion program

— Understanding the plasma state

— Creating and understanding a burning plasma

— Making fusion power practical
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