Page 1 of 6A@A@A@A@A@A@A@

US Physics Task Summary (2005 and 2006)

Subtask 1: RWM control

28 March 2006
Compiled by M. Shimada (Michiya.shimada@iter.org)

PT Subtask Officer: G. Navratil, IT Subtask Officer: Y.Gribov
E-mail: navratil@columbia.edu

2005 tasks on-going

2006 tasks proposed by YG

Benchmarking of codes used for simulation of RWM feedback
control on ITER Scenario 4 plasmas.

Participation in RWM codes benchmarking (if required).

Study of ITER RWM control with alternative coils specified by
the International Team

Study of RWM control in ITER with the alternative coils
(copper coils located between the vacuum vessel and
toroidal field coil).

Specification on the noise (all signals except for RWM) in sensor
used for RWM control in ITER

Specification on low frequency plasma oscillations (except
for RWM) producing signals on the sensor used for RWM
control in ITER.

Subtask 2: VDE, disruptions and their mitigation in ITER

PT Subtask Officer: Dennis Whyte, IT Subtask Officer: M.Sugihara
E-mail: whyte@engr.wisc.edu

2005 tasks on-going 2006 tasks proposed by MS
Model development of halo current width during VDEs and of Same as 2005
current quench based on experiments
Simulations of VDEs in ITER with 3D MHD code Same as 2005
Disruption mitigation by noble gas injection Same as 2005

Subtask 3: Fast particle confinement
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PT Subtask Officers: N. Gorelenkov, IT Subtask Officer: V.Mukhovatov
E-mail: ngorelen@pppl.gov

Evaluation the effects of the TAE modes fishbone oscillations and toroidal field ripple on the fast particle loss.

2005 tasks on-going

Progress made in 2005

2006 tasks proposed by NG and VM

Linear NOVA-K analysis of AE
spectra and stability for ITER
database scenarios taking into
account possible effects of
separatrix. Sensitivity of AE
spectra to inclination angle of the
neutral beam injection.

O

Interface of NOVA codes with the ASTRA has been
created.

Equilibrium and Alfven continuum have been
calculated with NOVA code for two plasmas with 2off
axis and 1on/loff axis NBI injection.

By now stability calculations for 2off axis case have
been performed. This allowed to predict unstable
TAEs within the toroidal mode number range n=7 to
20.

Most unstable modes are TAEs or EAEs located at the
region of strongest gradient of alphas and NBI ions,
r/a~0.5. Because of their localization the effect of the
separatrix seems to be negligible.

lon/1off axis case is under investigation.

NOVA-K will be used to identify the
TAE stability boundary to
systematically study three basic
scenarios modeled by TRANSP.
TRANSP modeling will provide the
sensitivity study to the plasma
parameter change such as ion
temperature consistent with the
burning plasma conditions and tilting
angles of the neutral beams.

Validating NOVA-K continuum
damping model against C-MOD
experiments of external medium-
to high-n TAE excitation. Study
the sensitivity of the predictions
versus variations of the safety
factor profile.

NOVA-K code has being upgraded to include the
damping of shear Alfven modes on the continuum. The
numerical procedure is based on the perturbative
approach suggested by H. Berk in application for TAE
stability. To validate the continuum mechanism in
experiments a set of special experiments on C-Mod was
analyzed by J. Snipes (MIT), in which external antennas
were used to drive stable TAEs with moderate toroidal
mode numbers up to n=10. Measured damping rates were
compared against predictions of several damping

Validating NOVA-K continuum
damping model against C-Mod
experiments exciting medium- to
high-n TAEs. Study the coupling of
core modes to the edge due to
changes in the calculated damping
due to changes in the core and edge
profiles.
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mechanisms implemented in NOVA. The dominant
simulated damping mechanism turns out to be the
continuum damping and its absolute value, varying
typically from 0.1 to 1%, is in good agreement with the
data. It is important to note that the same range of
toroidal mode numbers is expected to be excited in
ITER, due to its large size.

TRANSP modeling of ITER hybrid and steady-state with
weak negative shear at realistic beam geometry. Code
development to improve statistics for energetic particle
distribution function.

Hybrid scenario has been simulated as well as the ELMy
H-mode scenario. Various ICRH models have been
tested, such as implemented in Toric and Spruce codes
Boosting energetic particle statistics and reversed
magnetic shear plasma analysis are in progress.
Modeling of the reversed shear plasma can propagate
into the next year task.

The effects of TRANSP and ASTRA
models on the TAE stability are
compared.

TRANSP simulation of ITER elmy
H-mode plasma to scale plasma
temperature in order to identify the
TAE stability boundary consistent
with the burning plasma conditions.
Modeling reversed shear ITER
plasma.

Developing an interface between
NOVA-K and ORBIT codes.
Predictions for TAE spectra and
amplitude saturation from
NOVA to be used as input to
ORBIT code to evaluate possible
enhancement effects of ripples
on fast particle losses.

Most unstable modes have been identified for ORBIT
analysis (see item 1). The work is in progress on the
interface between the NOVA and ORBIT codes. The
quantity, alpha, required by ORBIT, is computed in
NOVA and is outputed in the ASCII data file. This
function is low beta plasma scalar function used to
represent ideal MHD perturbations. The work has to be
done on the ORBIT side to run several test cases.

ORBIT simulations of saturated AEs
with input from NOVA-K code for
one to several modes. Study of effects
of AEs on alphas confinement.

Developing quasilinear model
for energetic particle transport
due to multiple TAEs.

The work has been started. The progress has been made
on the NOVA code in which the resonances in the phase
space have been identified and studied in application to
DIII-D multi-mod (sea of Alfven modes) experiments.
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These results will be used in developing the quasilinear
transport theory of fast ions by evaluating the resonance
overlapping in the phase space to couple with the
analytical theory. Results from DIII-D experiments can
also be used later to benchmark theoretical predictions
with the data.

Application of M3D code to
evaluate the fishbone instabilities
and their possible effects on the
redistribution and loss of alpha-
particles and NBI ions in ITER.

Fishbone instability branch has been studied by M3D
code in ITER normal shear plasma. Fishbones were
shown to be stable against fusion alpha particles. Details
of this study, such as how close we are to the instability
threshold are under investigation.

Application of M3D code to evaluate
the Alfven instabilities and their
possible effects on the redistribution
and loss of alpha-particles in ITER.

Subtask 4: Effects of radiation transfer on divertor plasma
PT Subtask Officers: Bruce Lipschultz, IT Subtask Officer: A.Kukushkin

E-Mail: blip@psfc.mit.edu

* Assess the physics in current codes to predict the effects of opacity and radiation transfer on the ITER divertor plasma.

Goals

Progress made up to March 2006

Tasks up to Sep. 2006 and beyond

Improved interpretive divertor
modeling of C-Mod
discharges

Complete preliminary simulations of existing
C-Mod data for the higher density divertor
discharges. Plasma data available to
constrain the OSM model include: inner and
outer target Langmuir probes, high-resolution
D_ diode array (top-view), tangentially
viewing 2D CCD camera filtered for D__,
spectrometer data for ne_stark and Te_saha (in
the recombining volume; top-view and side-
view).

Full torus simulations with 3D vessel
structure, to include the effect of

neutral leakage through the outer divertor
substructure on divertor neutral densities
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Improved simulation of C-Mod | « Estimate of uncertainties in sub-eV » Stark-Zeeman line shape analysis
passive spectroscopy emission coefficients in ADAS (H. code is under development for
diagnostics Summers). (This has been agreed to in EIRENE (Stamp et al.) which should
principal, some time ago, but is slow to offer better line shapes for photon
get started.) transport in EIRENE and improved
* 3D modeling of line-of-sight diagnostics, simulation of the Stark broadened
including reflections, using software signals along the spectrometer lines of
currently in development. sight [Work underway at Auburn,
* Reprocessing of tangential camera data using DIII-D Stark broadened data,
using image analysis software, also may help
currently in development. * refine the Stark broadened signals

from tokamak divertors, since the DIII-
D spectroscopic data can be cross-
checked with divertor Thomson
density measurements (Brooks/Oks).]

JET Ohigh-densityO divertor Inter-ELM measurements will be
experiment (parasitic) conducted for high-power, high-density
JET discharges, where (hopefully) the
inner divertor will be deeply detached
Note that Lyxgand Lyxpdata will likely not
be available until early 2007, due

to delays in commissioning the required

diagnostic
Interpretive divertor modeling The analysis methods developed for C-
of JET discharges Mod will be applied to JET
Assessment of SOLPS4.2 Existing JET data will be used for the setup | Fluid code modeling will be initiated for

application to JET and C-Mod | and preliminary modeling of JET discharges, | the C-Mod 25 mTorr case
(dynamic solution) (V. Kotov) [ but the data are not optimal for the present
study due to the absence of Ly_ :

Baxg measurements, low quality target
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Langmuir probe data (probes were
refurbished for the present campaign), and
historically lower divertor densities than
those which should be possible near the end
of the current JET campaign (as a result of
neutral beam upgrades).

Principal Investigators: B. Lipschultz (MIT), S. Lisgo (U. Toronto)
E-mails: blip@psfc.mit.edu, steve.lisgo@ukaea.org.uk,

steven(@starfire.utias.utoronto.ca

Subtask 5: ICRF heating and current drive

PT Subtask Officer: E.F. Jaeger, IT Subtask Officer: Y.Gribov/D. Swain

E-mail: jaegeref@ornl.gov

Task up to Sept. 2006

Task from Oct. 2006

Benchmarking of ICRF codes on ITER plasma and antenna Task will be continued?

Principal Investigators: E.F. Jaeger (ORNL), P. Bonoli (MIT),

T.K. Mau (UCSD)

E-mails: jaegeref(@ornl.gov, bonoli@psfc.mit.edu, mau@alisa.ucsd.edu



