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Introduction

Steady-state operation of a tokamak requires the toroigediot to be driven non-inductively.
Moreover, driving current off-axis is of vital importancarfthe steady-state (or advanced) oper-
ating scenario in ITER where it is needed for tailoring gherofile in order to avoid detrimental
magnetohydrodynamic (MHD) activity. One means foreseediiging off-axis current is using
neutral beam injection (NBI). In MAST (Mega Ampere Sphekritakamak) [1] experimental
evidence of off-axis neutral-beam driven current has béseiwed and reported in [2].

In this work, neutral beam injection and current drive in MAIS modelled with two codes:
ASCOT [3] and NUBEAM/TRANSP [4]. Both are test-particle MenCarlo -codes, but they
use different methods for following the particles: NUBEAMIIbws particles’ guiding-centre,
but includes a Finite Larmor Radius (FLR) correction, wlasr&SCOT is able to follow either
one [5]. Since MAST is a small aspect ratio tokamak with atnetty low magnetic field, FLR-
effects are assumed to play a role in particles’ overall bieha

In addition to studying NBI current drive, the purpose ofthiork is to establish ASCOT as
NBI module of JINTRAC [6] suite of codes for MAST simulatioasd perform a benchmark
between ASCOT and TRANSP.

MAST and simulated discharges

MAST [1] is a spherical tokamak with major radiis~0.85m, minor radius ~0.65 m,
plasma current, ~1.3 MA, and toroidal magnetic field at the magnetic a&is~0.5T. It is
designed to study highly elongated £ 2) low aspect-ratio plasmas. The two identical neutral
beam injectors installed on MAST can produce up to 4.0 MW of d8wer for 0.5 seconds,
and make MAST ideal for power scaling studies.

MAST is also good for fast ion studies because its neutrois&ion is dominated by neutrons
from beam-plasma fusion reactions. Due to the high enerdhieobeams~60 keV) and low
plasma ion temperature-@ keV), the cross-section for beam-thermal fusion reastisrsub-
stantially larger than that for thermal-thermal fusionateans. Therefore, measuring the neutron

flux with neutron camera (NC) [7] provides valuable inforroaton the fast ion distribution.
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Two co-NBI heated MAST L-mode discharges with~0.8 MA were used as a basis of
this study; #26864H\g| ~3.0 MW) and #26887Hyg| ~1.5 MW). In TRANSP simulations of
the Pyg) ~1.5 MW discharge, the simulated neutron flux matched welhe experimental
findings. For thelyg| ~3.0 MW discharges, on the other hand, an additiadbhocradial fast

ion diffusion coefficientDano Was needed to make the simulations match the experiment.

ASCOT vs. NUBEAM/TRANSP
Both ASCOT [3] and the NBI module of TRANSP,
NUBEAM [4], are test particle following Monte Carlo (MC)

codes. They integrate particles’ equation of motion in tand
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Another potential source of initial difference betweentihe Figure 1: ASCOT flux sur-
codes is the NBI particle source, as both ASCOT and TRANRRes and TRANSP separatrix
have their own built-in NBI models. However, as the lowgfpp), and initial distribution
panel in Fig. 1 shows, the source profiles produced by Bj§onized particles (bottom).
two codes are nearly identical. Other discrepancies betwee
codes include toroidal rotation, that is not (yet) takew imtcount in ASCOT, and FLR correc-
tion used in TRANSP.

Beam profile comparisons

Fast ion density, fast ion current density and power dejoosib ions and electrons for the
Pyl ~3.0 MW discharge are depicted in Fig. 2. They show that TRAN®&IRout anoma-
lous diffusion produces similar profiles to guiding-ceritdlowing ASCOT (ASCOT GC). The
toroidal rotation, included in TRANSP, probably causesdifeerence in NBI slowing down
velocity distribution and, consequently the fast ion coti@istribution depicted in Fig. 2(b).
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Figure 2: Fast ion density (a), current density (without®ten shielding) (b), and power deposi-
tion to (c) ions and (d) electrons in tRgg| ~3.0 MW discharge. Guiding-center simulation with
ASCQOT gives profiles comparable to TRANSP without anomatbffssion, whereas the pro-
files from full-orbit ASCOT simulation are similar to TRANS#mulation withDgno =3 n?/s.

The difference from ASCOT GC to full-orbit following ASCOTRRECOT FO) is striking.
With ASCOT FO, radial particle transport is strongly inged, leading to increased losses
and, therefore, lower particle density throughout thempksThe results from TRANSP with
Dano =3 m?/s and full-orbit following ASCOT (ASCOT FO) resemble eache.

For thePRyg ~1.5MW discharge, in which the best match with experiment acseved
in a TRANSP run withDano =0 n¥/s, the results are in stark contrast to the discharge with
Puel ~3.0 MW: ASCOT FO gives much lower fast ion densities than wiadld be needed to
match the experiment. This discrepancy is still under itigason.

Summary and discussion

ASCOT was established as NBI module of JINTRAC [6] for MASTmsiations. Beam pro-
files from ASCOT GC were similar to those produced by TRANSte differences, particularly
in fast ion current, could be at least partly explained byittal rotation of the plasma. It has
central value o~190 krad/s £160 krad/s) in théyg ~3.0 MW (Pyg| ~1.5 MW) discharge,
and is not yet taken into account in ASCOT. This will soon beeaded.

ASCOT FO results of the two discharges suggest that FLRtsffeave a significant effect in

MAST. However, consistency with experimental findings haisleen achieved and more work
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Figure 3: Fastion density (a), current density (withouttln shielding) (b), and power deposi-
tion to (c) ions and (d) electrons in tRgg| ~1.5 MW discharge. Guiding-center simulation with
ASCOT gives profiles comparable to TRANSP without anomattifission, whereas the pro-
files from full-orbit ASCOT simulation are similar to TRANS#mulation withDgno =3 m?/s.

is needed to understand the results. To this end, future aosgm between ASCOT FO and
full-orbit following code LOCUST [8] will be very educati@.
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