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NSTX ——
NSTX research for FY ‘05 - ‘07 will advance toroidal
confinement science and fusion energy development

Unique properties of NSTX plasmas enable leverage to be
applied in theory tests, strengthening all of toroidal
confinement science and the basis for ITER.

Important elements include the deployment of new control
tools, development of advanced diagnostics, and execution of
joint experiments within the ITPA.

Integration of these elements is central to the achievement of
high beta, solenoid-free operation of the ST

The scientific opportunities afforded by this program are well
aligned with the national program’s scientific priorities

Synakowski, NSTX Research '05 - '07



NSTX ——

Joint experiments, new control tools, novel
diagnostics are key for advancmg the science

NSTX is vigorously participating in ITPA
activities: obtain “binocular vision” for
model & theory validation on issues
important to ITER & toroidal confinement

New control tools will enable tests &
validation of theory important for all of
toroidal confinement & burning plasmas,
and for increasing the ST operating space

Diagnostics are being developed to
enable detailed comparisons with leading
theories

Strengthen the community’s theory and predictive capability
by exploring physics from important new vantage points

Experimental
collaboration

Theory-
experiment
coupling



NSTX ——

NSTX research contributes to toroidal confinement
science on a broad front

MHD: stability & helicity injection

Core transport and turbulence Strengthen

the scientific
basis for
fusion energy

Wave/particle interactions

Edge physics and plasma/boundary

interfaces
Emphases are
, well-aligned with
Integration national research

priorities

Synakowski, NSTX Research '05 - '07



NSTX ——

The NSTX operating space was expanded in
2004

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

Improved control enabled...

higher B; and Jgg simultaneously Higher ; at higher By
with higher kappa (By=6.8 % m TIMA achieved)
: — | — , o0 ——
12 All shots 2004 ] - Time of peak B,
" All shots 2002-3 “ b |
10| a7 ~ 40 2004
All shots 2001 A a o :
~ 1 £ | 2001-03
3 = 30 4
& © |
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o O 20 :
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K l,/aBr (MA/m-T)

Synakowski, NSTX Research '05 - '07
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NSTH ——

Benefits of improved control also seen in integration
of long pulse & high B;

Higher elongation raised bootstrap current and edge q, yielding a longer
pulse length at higher current and lower TF

— 25% more |, ~5% longer pulse with 10% less toroidal field
— Joint research (ITPA) a key: early H mode(M. Wade, ORNL)

==> Slower J diffusion, better shape control, delayed MHD
Boundary from 109063 overlaid (green)

Shot= 112581, time= 358ms

Shot 112581 (Black) - 2004
Shot 109063 (Red) - 2002

Bt (%)

0.0 0.2 0.4 0.6 0.8 1.0 1.2
time(s)

Synakowski, NSTX Research '05 - '07



o MHD: stability & helicity injection

NSTX ——

Opportunities include

Test stability limits with
strong shaping

RWM damping &
dissipation at high V,
IV pisen@nd low A

Increased mode coupling
at low A

Flow shear: V,,,/V, — 1

— ’ ~ "in
=> Vo '}" MHD

Helicity infection &
reconnection

Synakowski, NSTX Research '05 - '07



NSTH ——

Even stronger shaping will enable access to
higher 3+ & B\ regimes

Should enable higher
simultaneous «x (= 2.7) and o

(=0.9). Winding & installation of
new PF1A coils completed.

Extend range of MHD stability
studies and further enable routine
access to high beta for research
throughout the program

For optimized profiles,
— no-wall limit increases B, and B
by ~ 20% due to shaping alone

— ldeal with-wall limit increases by ~
30%

Planned
capability for
of

mOdiﬁed//present

PF1A

ynakowski, NSTX Research '05 - '07



NSTX ——
External coils installed to enable operation near the

with-wall limit and tests of mode growth & dissipation

VALEN model of NSTX

Control coils ~ ‘coway View) Milestone for FY05: Study
rotating plasmas close to the with-
wall stability limits with error field

correction
Vacuum

Vessel

Milestone for 06 Characterize
the effectiveness of closed-loop
EF control.

Conducting Plates

Milestone for 07 Characterize
the effectiveness of closed-loop
RWM control.

Columbia U.

If higher budget, combine closed-
Internal Sensors loop EF & RWM in ‘06

» Study controlled variations in ‘05, use of feedback on EF and RWM to expand operating
space in ‘06 and ‘07

» Studies with two coils in ‘04 already yield a reduction in locked mode density threshold

Synakowski, NSTX Research '05 - '07



NSTX ——

Low A, high 3 will extend RWM theory tests

0,/m,(q,t) profiles o | |
05 T | T N 4. |
: F sevieen > n=1 no-wall unstable¢ ]
+y - A_ r11£>(t4§t2a)bilized Ol . e : 7
0.4 - 60 [3B |(n=1) ’
- O 40 *
S . 2@ mode growth —p :
n>1 4
3 .~ 30 |SBp|(n=2)
0 B readily O 20
observed, 1@
as 39 s 1(n=3)
0.1 O 20 [0B,](n=3)
expected =

0.0

1 2 3 4 5 022 024 ° 026  0.28
g t(s)

RWM stabilization considered for ITER: use low A to test the theory,
assess the readiness of the investment

Scaling of critical rotation frequency for RWM stabilization, as well as the
spectrum of unstable modes, are both testable features theory

|Crit = 0,/(49°%) (Bondeson-Chu): agrees so far. Differences at moderate A?
* Higher mode numbers expected to be accessible at low A: thus far, true

ynakowski, NS%X Research '05 -'07




NSTX ——

Tearing mode measurements & theory tests will increase in
emphasis over the next three years

USXR arrays (JHU)

111383_0.45s

Emission
measurements
indicate wide
radial extent of
coupled internal
modes (3/2, 2/2)

Major Radius (m)

e Challenge theory understanding with
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— Low A geometry expected to enhance toroidal mode coupling
e a path to couple to the fast ion distribution?
— Large V/V e — differential rotation can reduce coupling

— Glasser-Greene-Johnson theory: NTMs more stable due to low A

e Does NTM have the same impact at low A as at moderate A?
— Study importance in high B plasmas with elevated g

s,.

04ms.
Milestone for FY
07 (if budget
increase)
Characterize
tearing mode onset
conditions and

lmv\n/\"'



NSTX ——

Joint experiments within the ITPA are being executed and are
part of the plan for assessing RWM and tearing mode physics

NSTX 108197 (0.3189)

* Researchers working on low and 20l
moderate A devices are identifying | T ol D
high leverage joint experiments ol ;mdary
— RWM: Similar V.4 & rotation E
N 0.0

frequency, different V 4, 11 It
— NSTX has joint experiment with 1L 740"
DIII-D. This ITPA activity also involves ~ _,,f =

many other programs as well :

DIll-D RWM

: w. » Plasma boundary
2 s and wall
(translated)

_ Tearing mode: with DIII-D, MAST, Ty
ASDEX-U 0.0 1.0 2.0

Synakowski, NSTX Research '05 - '07



Theory development is central to unde@rfm\/ rIY
physics of high V/V s, 0N MHD stabilization &
saturation

B )

23(l)ms
230n:|s I 259ms

- am R

25££,(0) (kHz) - By =31%

LY 3 Br=23%

Plasma M3D code
top view

[y
o
[

'13_'Mode B, (Gaus!s) :

0.10 0.15 0.20 0.25 0.30
Time (s)

* A new regime to test MHD theory: with V;, ~ V
modes

Menard, Park

aveny [1OW can shear apart MHD

 Theory target for ‘07: develop fully nonlinear treatment with self-consistent
momentum transport ==> can codes reproduce observed saturation of internal

mOdeS? Synakowski, NSTX Research '05 - '07



NSTH ——

Two major approaches are being pursued for

solenoid-free start up and ramp-up to high currents

1) PF-only startup 2) Transient Co-Axial Helicity Injection
- 20 kA generated - |, up to 140 kA, 1/, up to 40

p’ “injector

1} Veap (KV) 114374 A

With U. of of

Tokyo § Echi (k) {5
L NBL3MW , . g
4 5 6 7 8 9 10 11 12 13 14

Time (ms)

U. of Washington

e Both PF induction and CHI require advances in plasma
control during FY ‘05 - ‘07 Milestone for
— Plans for how to control at the lowest |, values being developed FY06: Assess CHI

creation of closed

e Theory involvement in CHI increasing (NIMROD code magnetic flux
Sovinec (U. Wisc), X. Tang (LANL), Schaffer (GA)) Synakowski, NSTX Research 05 - 07



NSTX ——

MHD & helicity injection

Active
feedback
. . coils Helicit Optimize
Strong shapin y ! i
enabling J p\ J / / injection stability of high 8
Passive stability Physics of active DeVell e iLp
limits & mode control feciigLies
characterization Expand operating
sSpace Deepen
/ \ \ understanding of
stability with
, Rotation & Nonlinear ~ Dynamo NTM large flows
science flow shear  fastion physics physics
MHD
FY05 FY06 FY07
Exp. Run-Weeks: 12 10

Study plasmas < “wall-

stabilized” pressure limit

Characterize effectiveness Characterize effectiveness
of closed-loop EF control of closed-loop RWM control

Assess flux closure
with CHI

If increased budget (17 run weeks in 06 & 07),
combine EF & RWM milestones, add NTM onset & impact milestone to ‘07



NSTX ——

Opportunities include

e (Core transport and turbulence e Intrinsically large flow

Shear at low A, potentially
controllable with EF coils

e Flectron thermal )
transport: unique
opportunity with electron-
scale turbulence

\_ measurements over a )

wide gaisieasiZeih

the following...

N

Synakowski, NSTX Research '05 - '07



NSTX ——
Understanding electron thermal transport will

be a focus for ‘05 - ‘07

S_RM% Xi, Xe, Xiric, Xphi {wamo @0. 50000{1}
lon channel is often within "a"=0.5
2x(neoclassical), sometimes below,
revealing dominant electron thermal
transport

H transition

(Ho) ]

|
|
15 i
|
|

10

Diffusivity (m?/s)

But y, can be manipulated via
magnetic shear. Linear analysis 0 B S O
revealed many possible modes in *
high k range. ETG, microtearing... D e T T T T e e e
— Nonlinear GS2: y, ~ 10 m?/s from
ETG T, (keV)

Faster |,
First step (‘05): strengthen these 1.5 et [T

studies through MSE, study f
dependence of x, onq and T, 1.0

Milestone for FY05:
Characterize q’ and _
Te’ effects on electron 40 80 120

thermal transport R (cm) Ta.Q0ld pulse, gfter ELM

478 480 482 484 486 488

t(ms)



NSTX ——

Electron thermal transport is a worldwide priority, and the NSTX
plan takes advantage of important opportunities

* |on transport has a generally accepted
“standard model,” but electron thermal
transport does not

* For a burning plasma, o heating will be
largely be on the electrons. NSTX fast
ions predominantly heat electrons as
well.

* Electron scale turbulence is a leading
hypothesis for much of this transport. On
NSTX, opportunities include

— From low to unity B =&-m effects emerge
— Neoclassical ions in many cases

— Anisotropic turbulence + strong toroidal
curvature + Bragg condition

=$xcellent spatial resolution
=tJnique opportunity to study electron scale

i
ks
‘ 7! Probe Beam

%d)
k
ks

Toroidal midplane

N

Localized scattering volume

k=10 cm- k=20 cm-
13 cm I 4cm
fwhm [ fwhm
05 L()[g1 ] 05 “-05 L0[(:n ] 05
Instrument selectivity,

from ray tracing
Synakowski, NSTX Research '05 - '07



NSTX ——

First light on high k scattering system this run will mark
a new step in electron transport studies

k=0cm-1
k=10cm-1
k=20cm-1— ./ /

1070 um scattering

Access to electron scales

— k,-resolved measurements
in select locations (~2 - 20
cm', Ak, = 0.5 cm™)

— good spatial resolution at
higher k. An/n < 0.01%
(ETG An/n ~ 0.1%)

— ‘07: new source (Fukui
University) will extend k; to
25 cm1, better An/n)

>
i}

Commission this year. With UC Davis and U. Colorado

Dedicated and systematic

scans in ‘06 and ‘07 Milestone FY 06-1:
ETG Measure high k. spectra in
ITG ITG/TEM select conditions
Aearing Milestone FY 07-1:

’ Compare measured K,
| K (em) spectra with heat fluxes
‘ K, Ps ‘ ‘ and turbulence simulations
over a wide range of
0.1 1 10 100 OB v 1A nescur i va = vl

|10




NSTX ——
Proposed large angle back-scattering will
allow probing of high radial wavenumbers

e [aunch 100 GHz with

e Refraction will not
significantly change
scattering angle —
should be good contrast
between low and high k

— 1%

\\////

Planned for ‘06

I
waveguide/antenna/lens ﬁ ! \A&
combination : [
| i
| ‘5 i
e Wavenumbers from 35 - Cadh T
. ! “'"ﬂ} -~
40 cm'' can be studied || L ||' T
i
|
|

UCLA

Synakowski, NSTX Research '05 - '07



NSTX ——

New measurements will enable tests of tools in regimes
where role of electron dynamics is maximized

Unity B will drive community towards
regimes where electron dynamics are
even more important

GS2

Nonlinear GS2 has begun and will
increase in effort (U. Maryland).

Very large p*, large ExB flow shear,
potentially large profile and nonlocal
effects: “...what GYRO was created for
(Waltz - GA)

GTC: Inclusion of finite 3 effects mid-
plan. Detailed k, measurements can be
compared to detailed predictions in ‘07
(UC Irvine).

Synakowski, NSTX Research '05 - '07



NSTH ——

Transport research priorities are supported by ITPA efforts

B and v* scaling: ITER issue, ITPA activity
MAST confinement similarity experiment

Momentum transport: a focus of a joint
similarity experiment with MAST

— Measured V /V 4., Saturates with applied
torque. First leg of NSTX effort completed

— Will be able to apply EF coils to modify V,
without changing heat deposition

Aspect ratio dependence of local transport

— DIII-D leg one week from today:
dimensionless scaling approach

— MAST joining the effort

Confinement database contributions to
ITPA continue to be made as well

: : :
112558,0.635 |

V  Carbon V , Deuterium
g Va

0.2r-
0.1
_ Vq) /N aven
0.0 . I . L . ! .
a0 100 120 140 160
Radius (cm)
04 Alfven Mach Number vs. NBI Torque
. [ |
Xx
B -
My X

Alfven Mach Number

Fargue
Forque-TRANSP (Nt-m)

Rotation saturating at large V
in ITPA experiment with MAST

Synakowski, NSTX Research '05 - '07

/Va



NSTX ——

Edge/pedestal-related

Transport & turbulence transport issues to be

discussed in boundary section

. Low k: EF/RWM
Migh Kk Correlation ~ coils  Licoatings

enabling scattering
\ reflector\netry / /

Global scalings S nd
Local : Role of § + E,in y & physics
ocalx turbulence understanding
Edge turbulence of turbulence
| over wide
_ _ Local high k range of
High kwith  ghectra over ’I[\:Iaorzzegttlm
science small Ar.  ide range of B P
Low k & flows
FYO05 FY06 FYO07
Exp. Run-Weeks: 17 12 10

Characterize q’ and Te’ Measure high-k  Assess high-k spectra
effects on electron turbulence & electron transport
transport



NSTX ——

Opportunities include

e Nonlinear fast-ion MHD
with large super-Alfvénic
population

¢ |Wave physics in
overdense plasmas:
heating, CD, & startup

e Wave/patrticle interactions
with high trapping: EBW

e Wave/particle interactions

Synakowski, NSTX Research '05 - '07



NSTX includes and goes beyond ITER operating

space for fast ion MHD, enabli

2500

o N L B L B BN B B

5f :

Viast! Valtvén
W -9
| |

]

NSTX :
1b ]
ITER
%0 0.2 0.4 0.6 o8
Brast(0) / Btot(0)

NSTX includes and goes beyond ITER fast
ion parameter space

Low B, high n_, high 3., ,., &
/v,

= Strong drive for Alfvénic modes.

Vi

ast

Ifvén

NSTX and moderate A are complementary
for benchmarklng codes (M3D HYM,NOVA)

I A *_ " _1 _____ [N B N Y R Y

1500

[6)]
o
o

Frequency (kHz)

NI PRGN PO TR B R S
0.1 0.2 0.3 0.4

Ing theory tests

CAE/GAE 109022
(HYM, Nova- k) | EE‘i’%‘Sﬁ:

—i
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: ,‘m‘i“&immf SR
- TAENTAE |
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T

 “fishbones” '§
- (M3D-k)
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NSTX ——

o

=

lllllllllllllllllll

Log 10 POWER

do

T T T T I
NSTX 107335.0140
DII-D 108855.1035

P
100
FREQUENCY (kHz)

o
wn
o

Synakowski, NSTX Research '05 -

E

‘07



NSTH ——

Interplay between waves & fast ions has practical
import for burning plasmas and STs

Theory challenge: fast ion
population cannot be
treated as a perturbation

Coupling between fast ion
modes, followed by fast ion
loss, observed on NSTX

Fast ion MHD impact on
core current density is a
guestion in community

— increase NBI CD, yet q(0)

does not fall (ASDEX-U,
IAEA): why?

kHz)

p

Frequency

150

100

o)
o

Neutron Rate (x1 0.1.4/.5

025 0.35
TIME (s)

Synakowski, NSTX Research '05 - '07




NSTH ——
If MHD effects modify the fast ion current profile ,

there may be a significant effect on integrated long-
pulse scenarios on NSTX & elsewhere

* Broadening of Jyg by
MHD may affect
requirements on EBW
current drive in the
outer region

e Beam driven currents
on-axis spell the
difference between
stationary and time-
varying q(0) in the
Vioop = 0 scenarios

_ 12 R
[ \“\
© 0.8 HNBES TN
©
0.4, E=AN
— V. DOf-T’SFTfaﬂ/ N\ EB
~— Q) o™ ~r LO O
psi
5
E: | (0 q(min)
2 fw-%\\__*%m oy

o O 82 & O N O & @9«
FFFFFFFFF

inductive long pulse
scenario (TSC)

Synakowski, NSTX Research '05 -

‘07



NSTX ——
Studying fast-ion instability effects on Jyg and

nfast on(l;V,t) is @ program prlorlty for ‘05 ‘07

Rtan =70 cm

— —
o @
T T T T T T T

I{NPA Flux/Energy1/2)
(ster-Tem-2ev-32g-1)
o

Deuterium Energetic lon
y  Spectrum: SN108730

Fun;mg[; t

Proposed
. heutron
collimator

Poly and lead shield

Layout of the proposed Tangential
Profile Monitor

Milestone for FY 05:
Assess effects of beam-
driven instability on core J,g

Milestone FY 07 (if
increased budget):
Measure fast-ion
transport due to fast-ion
driven modes

e With large V

astion Yamen ==> high ITER relevance

 Major tools are
— MSE
— Scanning NPA for changes in distribution function
— Neutron collimator proposed for radial distribution
— Fast ion loss probe (this year)

Synakowski, NSTX Research '05 - '07



NSTX ——

Observed ion absorption is one candidate to explain

puzzling HHFW observations
* Recall: strong

wavenumber POLOIDAL VIEW TOROIDAL VIEW
. 600 | ‘ ' ‘ ‘ 1 I ' ‘ ‘ '
dependence of heating 500 - M 1t
efficiency : KRS
— 14 m™ and 70 - 80% s 40 X i %
O C ] L
absorption vs. 3.5 m" e 300¢ i W
and zero absorption 200 - % ¥ 1 T X %2
100 | 1 X :
: : . 86 ©OOREoId 08 ©o
* Anisotropic edge ion 00 . s 4 s 1 '(;Qmoims
heating driven by HHFW
from conversion to IBW Per (MW) P (MW)
a leadlng candidate. D, plasma with 1 MW HHFW, shot 112728
. _ é i Qci ; £2ci ) Qci | é
* Plan includes further and e Al
new study of S o i RF Probe
— Parametric absorption = | | 1 | measurements
. o -5oF E .
— Sheath physics g . during HHFW
— Core wave penetration i , ;
Milestone FY 06: e | SR R
L Rt A i “«,w-,"\-"‘w'“"‘ww‘-‘-sr*'b"'w" i ,J'LN*\,.‘.,‘_.Jh,«'\,«’M,«d‘\‘ww“.“wl.m' i
Understand & optimize & — W e ) i =S

HHFW Coupling Frequency (MHz) STX Research '05 - '07



NSTX ——

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

) i % 1500 ?‘h""b I til
g 4 .‘) T N s r- glec IOH
A” ;: alb+ B “?' n g/wm /.'__;..' i
tokamak- =2 - : g I b | |}
reactor S (e ek e . e e Sk | 3 2 e S i i B e B B B
scenarios P4 T 08000 S T ] | ] Lt
WI/I beneflt E ) /ll | | : B a¢aveo T{ ] i I
. LR T <C :
from this 2 | INECTNNR g ™ T o
capability 5 | i - AL fedD
© "Pq : ol H d 11
AEEEEEEEEE R EEE R SASRERFEEFFFFFEFEFER /70,
time, s time, s
Scenario must e Control work will target Milestone for EY 07
elevate |, to level — controlling antenna gap at Test solenoid-free
where beam ions low |, ramp-up to high

can be confined
(hundreds of kA)

optimizing shape for coupling current.

transitions from one CD
methOd to the neXt Synakowski, NSTX Research '05 - '07



NSTH ——
EBW design will draw upon extension of emission
studies and collaboration

. NSTX, B = 42% Trapped-Passing
Test novel aspect of wave-particle ,Unom = 30 keV Boundary

theory by taking advantage of
strong ST particle trapping: phase
space diffusion

Uperp/ Unorm

Experiments in ‘04 show good

conversion efficiency of nearly 2 05 0 05 :
circular emission, in accord with
theory T:(,?IXZV)

T, (ieV) T
New view will enable emission & . Y TaakeV) TRy
polarization studies at 28 GHz, I .l“ l“l ) o
which is at present the preferred Fato o oW 1
option for NSTX ( 28 GHz) Sigrale

Field 4O | L |
Plan: Decision at end of ‘05, ooy | ' ]
design in ‘06 of 1 MW system. ) SN — 3506

Time (s)



Waves & energetic particles

NSTX = —

Heat low I, EBW tube
enabling plasmas for NBI at & launcher
ramp-up modest B development
Reduce V-s
/ through Jgg
HHFW heating, Coupling startup agect CD
ohasing, & CD techniques to ramp-up
Wave physics in
EBW emissions overdense plasmas Extend
‘ physics
_ understanding
science Super-Alfvénic HHFW EBW physics: of waves in
particles & MHD physics: mode conversion overdense
parametric & f(v) modification plasmas
processses,
deposition
FYO05 FY06 FYO07
Exp. Run-Weeks: 12 10
Assess effects of beam- Understand & Measure fast-ion transport
driven instabilities on optimize <«— due to fast-ion MHD
core Jyg HHFW
coupling Test solenoid-free

ramp-up to high current



NSTX ——

Opportunities include

e [ow A and edge stability

e Turbulence dynamics:
intermittency & shear
Alfvéenic turbulence

e |TER-relevant power

densities
* Edge physics and plasma/boundary  « opportunity for new
interfaces power/particle handling

solution

Synakowski, NSTX Research '05 - '07



NSTX ——

Low A to be used to test understanding of
edge pedestal stability

* Developing and testing S —e— 3=0.0 1
pedestal models is of high Z ool \ —=— =037
importance to ITER and = | ]
burning plasmas [ 40L ey ee, e -

Z 2.0} i

e ELITE code predicts easier A

access to 2nd stability at low A N T E—T

with moderate shaping Major Radius (cm)

e Prediction is the basis of an
ITPA experiment with NSTX,
MAST, and DIII-D

100 140 180 220
R(m)

[

-2”EH [ [ [
0.0 0.5 1.0 15 20 25
R(m) Synakowski, NSTX Research '05 - '07




NSTX ——

Edge diagnostic capabilities enable edge pedestal and SOL
studies in conditions relevant to ITER and the ST

Low aspect ratio + heating ==> high P/R, power - __CHERS
densities at ITER levels (10 MW/m?2). v, 0.196 sec

— Helps motivate small ELM regime joint 151
experiments (with C-Mod, MAST: ITPA)

150

0.193 sec

(km/s)

Excellent spatial resolution with CHERS,
improved resolution with MPTS -

— Edge reflectometry for finer resolution of edge n,
— Edge reciprocating probe: SOL n, T,
— Also edge poloidal and toroidal flows

1-50 <=

Af < pimp

1-100

113936

0.0

O

80 100 120 140 160
RADIUS (cm)

Doat0.19 s | Heat fluxat0.19 s
[l (x 0.0 MW/im?)
1

’ Dyat0.19 s ||
(uncalibrated) |

Divertor IR camera & spectroscopy. New fast
camera for AT during ELMs (FY 06)

Fast visible camera (Hiroshima University)

— g
=] L5
T T T

Edge
imaging
reveals ELM
structure.

s

D- brightness x 10*? {photons/sim? )
ha L= 1]

Outer strike noint ET M Filaments Divertor cameras



NSTX ——

A strong collaborative effort in turbulence
imaging will continue

Convective SOL turbulence has large
implications for ITER

L-H transition

MSTH 113079 @ 208 ms Fr ¢

Filter=0C mediocr=Y  max=2800 4 5

NSTX program is a collaboration with C-
Mod and is an ITPA activity. A leading
effort community-wide.

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

— large gyroradius challenge the code
at new limits (Umansky, LLNL).

Milestone for FY 07 (if Zweben

The entire edge  Milestone for FY 05: increased budget):
diagnostic Characterize pedestal Assess long-pulse heat &
molement ~ @nd SOL of low-A, H- particle control

CSvillpefyabele' mode, high P/R requirements of low-A, H-

plasmas mode, high P/R plasmas  .scarcn0s- 07
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Recent results from NSTX and from the rest of the

community motivate edge flow research

Shot 113350 3000(77 TT T T T T T T
. ] Poloidal He 11
08 é_ R i . R ~146 cm ‘,t'h‘.x
= 1y, (MA) — H-mode = f4
= | : 2000 .‘I‘ 5[
E 5 200 A1 R HHFW-
> g induced V,
[ f,’ll I'L‘
10001 / ’I".
e R
4682 4684 4686 4B88B 4690 46927
Wavelength (A)
/o N
0.16 0.20 0.24 0.28 f/ - N ;< AN
. f N !
Time (s) . . ,& ¥y fﬁ W\
| ona-time Configuration AV vy W
g dependence | ® 1 foavy

precursorin V,
and E, to ohmic H
mode transition

|l 1)
of edge | /7 Ip® i ®
: N 7 Br® ¥
rotation (with ;N %« T 1\(~ i
LaBombard, *"\". AN
M/T) co-current counter-current
rotation drive rotation drive



NSTH ——

Lithium edge flux control studies start with pellets, and
may culminate in a powerful new edge control technigque

Milestone for FY 07:
Characterize lithium pellet &
evaporator coating
effectiveness (advance to
FY 06 if increased budgets)

Li pellets: injector
commissioned in ‘04

Develop deposition e
techniques in ‘05

Note opportunity for
pellet abalation
studies (1/R, high B)

e-beam for Li
coatings in ‘06

Li coatings: ) .
localized, 1000 A .
before everv shot

See Kaita’s talk,

this meeting

Manlﬁqold
wi ; ;
nozzles Modified tiles

Catcher / return
\ / \ mainfold
/| L1l ?
O
Z
] i3
| % Reservoir

Liquid lithium module:
decision following
coatings studies

Under ALIST group of VLT

Would represent a
revolutionary solution for
both power and particle
handling
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NSTX is developing ITER/BP-relevant time resolved surface

deposition monitors
quartz microbalance :

6

5

0 saalbap

1.28 : : : : : : :
14.4 14.8 15.2 15.6 16
Time of day (decimal hours)

Issue for ITER: tritium retention/transport.
ITPA activity.

Quartz microbalance: time resolved
deposition measurements




Edge transport, stability, & interfaces

NSTX = —

Shape & influx Radiative
bl Lithium studies control to divertor
enabling for influx control ~ optimize ELMs regimes Optimize high
B, long pulse
l regimes
Power balance Lithium pellets &
Heat flux scaling 5 dcoa ;”?Sd_ Assess
Ped%stal & ELM edestal stuaies boundary
aracter
SOL transport control needs
/ ‘ for steps
L-H Ed SOL Pedestal beyClg =%
: - ge edesta
science transition flows transport stability at
physics & low A
FY05 Ugpgence FY07
Exp. Run-Weeks: 12 10

Characterize pedestal &
SOL of low-A, H-mode, high
P/R plasmas

Accelerate with increased budget

Characterize Li pellet

¢ & evaporator coating

effectiveness
Assess long-pulse heat
<+ of low-A, H-mode, high
P/R plasmas
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¢ |ntegration

To follow:

e A near-term fully non-
inductive goal:
prediction and
performance

e Beyond 2007: tools
and goals

Synakowski, NSTX Research '05 - '07
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Improved projections to highest B, Vo, =0

plasmas will be grounded in improved diagnosis,
stronger shaping, more routine high beta

* High o, high x shaping, approaching the shape of targeted 40% -,
long pulse plasmas, will be developed this run.

e Studies of MHD effects on fast ions will be performed to improve
understanding of Jg. Near term, compare/contrast with ITER hybrid
scenario being addressed by the ITPA

— Will fast ion broaden J,, yielding a plasma closer to a stationary state?

* Improved diagnostic capability includes
— 10 - 12 channel MSE

— MPTS: additional 10 channels split between core and edge will be
deployed - 30 channels by end of run

Milestone for FY05 on Physics Integration: Characterize high
bootstrap fraction, low loop voltage plasmas with duration > 7,

Synakowski, NSTX Research '05 - '07
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Strong shaping & particle control will help in generating
plasmas with surface V., = 0 for 1, > T, in 2007

improvements will
help Jgg increase
relaxation time

g Requires High x, High x, low n_, early
- K->26,0>0.5 — tl:l)éa(':D S0 low ne__}.=.-p2 mode, Hyg 5=1.25
6o e . P_”_‘___W_é_,—
— Lowerdensity = e BS < B0 V
(n.(0) from 5x101° 15[ 7Y i N
for 109070 Lol \JTOPOT0 | = 400 [ A i
modeling demands ‘}5' yoP 200 A early H
- 3a0emd) g oS AT e ] T] o,
— NBI (> 5 MW) e e LS L
o
n
e Confinement ~
m

b, =

e Current evolution
may depend on fast Milestone for FY 07 on physics integration
ion MHD: will it help? (if budget is increased): Evaluate surface
Vieop ~ 0 plasmas with t,,, > 7,

Synakowski, NSTX Research '05 - '07
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Beyond 2007: 40% Py with ~100% Iy, T,use >> Tskin, d€Mands
near-term development of new tools and their understanding

Establishing extrapolability requires progress in all of the research
program’s scientific elements

1.2 N
Enhanced shaping improves ks

[
ballooning & kink stability through c_g 0.8 HNBE \ \\
simultaneous high & and x T — I\
| - .~ 0.4 10 tstapy N _ER
Near with-wall limits =mode control + T AN
rotation are key A A A
psi
g . . . 1000 V1 .
Critical issues include J\z inthe ST &  _ s00
thermal confinement improvement 5 8% opgtsta
=400
ool L NECOD
Y [
NBI + EBW. NBI provides J\g + Jgg - ‘
EBW drives current off-axis, less Jgg @4 5
§3 i 3( q{min)
Particle control required to maintain > ﬁ“"“'::r-'*»-%ﬁﬂﬁ;

moderate n_for CD (4x10'% m3) T O

O YILURU WO NL, wSTX Research '05 - '07
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Integration: towards high beta, long pulse

Optimize long-
_ 4 Strengthen physics\ llese Ri h[gi’
Assess high B, low basis with PUSER]
passive control measurements & St;il;glt(l;: ]
\ contro:oavt/ ngh P& understanding
FYO05 FY06 FYO07
Exp. Run-Weeks: 12 10
Characterize high-bootstrap Characterize
surface induction plasmas for > 1, V. =0
plasmas for>1
skin <«

Accelerate if budgets are increased

Synakowski, NSTX Research '05 - '07



NSTX ——

MAST & NSTX complementarity strengthen ST
scientific contributions to toroidal confinement

P

Complementary aspects include

MHD Nearby wall & conducting plates vs. ~ no wall

Core transport ~ Wide range of beam momentum and Mach number

Startup Internal vs. external PFs. CHI on NSTX

EBW MAST deployment at 28 GHz basis for collaboration with NSTX
Pedestal Influence of differences in particle sources on pedestal & ELMs

Divertor & SOL  In-out biased with CHI CD on NSTX. Biasable non-axisymmetrically
on MAST. Near wall (NSTX) vs. larger volume (MAST)
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NSTX research for ‘05 - ‘07 is well aligned with the fusion

program’s scientific priorities and supports ITER

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 control high temperature plasmas
Stability pressure limits &
magnetic reconnection vs. A,
Shape, profile, g & flows, for
internal & external modes with
Vio/Va < 0.4 & unity B; helicity
transport

EM waves in overdense plasma;
Phase space manipulation with high
electron trapping; energetic ions with
large orbits; Alfven eigenmodes and
turbulence with V. /V, >> 1

Demonstrate Feasibility with
Burning Plasmas

Determine Most Promising
Configurations

Develop Understanding and
Predicitve Capability

Develop New Materials,
Components, & Technologies

Microscopic ion, electron, and tearing Ty
turbulence measurement & theory i e 2
comparison over wide range in p, #44 1h
flows, and magnetic shear, with good

average curvature and high trapping

/ Physics of ELLMs, pedestal, SOL
/| 1\ turbulence & high divertor heat
e flux, with large in/out asymmetry;
Li coatings & liquid surface
interactions with plasma.

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

surroundings
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NSTX research for FY ‘05 - ‘07 will advance toroidal
confinement science, and fusion energy development

A strength in the science is maximizing the scientific leverage afforded by
unique plasma properties, joint research within the ITPA,and novel
diagnostics.

NSTX research makes contributions in many areas of strong need to the
ITER program and burning plasmas in general

The research plan makes balanced progress towards achieving high beta,
long pulse capability and for advancing toroidal confinement science.

The scientific opportunities afforded by this program are well aligned with
the national program’s scientific priorities

Full utilization will yield significantly faster realization of programmatic goals

Synakowski, NSTX Research '05 - '07



