33rd EPS Conference on Plasma Phys. Rome, 19 - 23 June 2006 ECA Vol.30l, P-1.079 (2006)
Monte-Carlo and Fokker-Planck simulations of
Neutral Beam Injection on the JET tokamak

M. Fitzgerald, 1. Voitsekhovitch, H. Leggaté D. C. McCun& D. McDonald, G. V.
Pereverzel A. R. Polevol, and JET EFDA contributors*

School of Physics, University of Sydney, Australia
’EURATOM/UKAEA Fusion Association, Culham Science Centre, Abingdon, OX14 3DB, UK
*Princeton Plasma Physics Laboratory, Princeton, New Jersey, 08543, USA
Y|IPP-Garching, Germany
°ITER IT, Naka JWS, 311-0193 Japan

Accurate simulations of Neutral Beam Injection (NBI) in tolkk plasmas are vitally
important for the analysis of present experiments since NBi main heating and current drive
tool used in many tokamaks. Different numerical techniques imgutflonte-Carlo (MC)
simulations of beam particles and the solution of the FokkareRl(FP) equation for the beam
particle distribution function are used in different codeghaugh the full two-dimensional MC
simulations include detailed particle physics, they are compuotly expensive while the
procedure based on the solution of 1D FP equation is fast and frequeadlyn transport codes
for the modelling of tokamak scenarios. Here the NBI modulesdbas the MC technique
(NUBEAM module [1] routinely used in TRANSP code [2]) and FP tepian (NBI module [3]
originally included in ASTRA code [4]) are compared for a humbiedET discharges with
different confinement properties.

Experimental scenarios and plasma model

The JET discharges selected for analysis (Table 1) include deuterimode-plasmas
performed at different density amgs, a hybrid scenario (HS), discharge with sustained
Internal Transport Barrier (ITB) and reversggrofile and an equilibrium configuration
with current hole (CH) where an ITB was also produced. The H-npasmas
performed in a broad density range have been chosen to testsdseofacentral (low
density) and off-axis (high density) beam deposition. As a consequeese, plasmas
are characterised also by a very different fractions @iptd beam particles. The NBI
simulations (tangential deuterium beams are applied to theseaslasme performed
during 1.5-2 s of the stationary phase for H-mode plasmas andBhaidd¢harge, while
the simulation time is reduced to 1 s of a nearly stationary phase foHtkbot since the
strong reversed shear configuration was transient.

The 1.5D transport code ASTRA is used for these simulations. Fajuatge
comparison of two modules (using the same equilibrium and plasmaegyothe
NUBEAM package, extracted recently from the TRANSP codeafil included in the
NTCC module library (http://w3.pppl.gov/INTCC) has been implemented iABERA
code. The NBI simulations of JET discharges are performed witferienental
temperatures, electron density, toroidal rotation and effectivgelpaofiles. The current
density profile is taken from TRANSP simulations where the current diffusguation is
solved with the neoclassical conductivity and bootstrap current fromASSL The
NUBEAM module takes into account the ambipolar radial electeld fiwhich is also
calculated by TRANSP. The concentration of neutral atoms is an papameter for the
NBI package while the NUBEAM uses the neutral data from NFRANTIC module
used in also in TRANSP. The plasma equilibrium is simulated iA8ERA code with
the beam driven current and fast ion pressure from the NBI moduld thise
assumptions both modules are simulated simultaneously in the sanRAASH so that
they use the same equilibrium and plasma profiles as input.

*See the Appendix of J. Pameda al, Fusion Energy 2004 (Proc. 20th Int. Conf. Vilamay 2004) IAEA, Vienna
(2004)
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The physics included in the NBI and NUBEAM packages descriliagpénetration
of neutral beams, the beam-plasma interaction and beam partisés lss described
elsewhere [1] and will not be repeated here. The list of asgumpised in both codes is
also summarised in Ref. 1.

Simulation results

The compared parameters are the NBI power absorbed by ele(®gehand ions
(Pg)), total absorbed powePge +Pg)), total number of the fast ions in the plasmas(),
and rotation torqueT{. The global values of the above quantities are compared in Table
Il and Fig. 1 and the profiles for some of them illustrating typical casesh@wn in Figs.

2 - 4. The simulations show that the NUBEAM and NBI modules agrde il for
total heating power and fast particles number (within 7%) agieges < 4.1) (Table II).
Profiles of the past particle density and absorbed power for seciarsos is also in a
good agreement meanwhile the power fraction absorbed by ionseasaistlly higher
(up to 16%) and fraction absorbed by electrons is systematically iower NBI module

of ASTRA than in NUBEAM. It means that NUBEAM systematigalbtains lower ion
heating and higher electron heatimg comparison with the analytical solution of the FP
equation [5] used for the energy fractions calculations in theossati NBI solver of
ASTRA.

Two ITB scenarios and the discharge with= 9 have much a larger discrepancy for
Nest and total absorbed power than other analysed shots. Both electron andtilog hea
obtained with the NBI module are larger in these discharges &ypeinols in Fig. 1) and
this difference comes mainly from the gradient region (OrBa< 0.6) (Fig. 4). One of
the possible reasons of this discrepancy is a scattering lmstheone during the fast ion
slowing down included in NUBEAM that allows a more accurate egtom of orbit
losses. These losses are expected to be particularly stramg iITB discharges with
reversedg-profile and in discharge witligs = 9 (g-profiles for different discharges are
shown in Fig. 5). In the ASTRA NBI time independent FP solver usesl takes into
account only first orbit analysis.

The beam torque is always underestimated with the NBI modutorapared to
NUBEAM and the difference between them reaches 25% at highitgeThe reasons for
this discrepancy are under the study.

Summary

The NBI parameters estimated with the NBlI and NUBEAM modbigge been
compared for a number of JET discharges performed in a broad gtacadomain. It
was found that the agreement between two modules in beam densityatind pewer is
quite satisfactory for typical JET H-mode plasmas=((2.3-9.5)18° m™, qgs ~ 3-4). The
agreement is worse for low current and ITB plasmas where logsies become more
important.

Finally it should be mentioned that the implementation of the NUBEAMule in
the ASTRA code is an important enhancement of this code sincedldisle opens the
possibility of treating the fusion product ions and neutrons self-dendisin predictive
simulations of present and “next-step” tokamaks.

This work was funded jointly by the United Kingdom Engineering &mysical
Sciences Research Council and by the European Communities undernthactcof
Associations between EURATOM and UKAEA. The views and opinions ssede
herein do not necessarily reflect those of the European Commissisnwaditk has been
carried out within the framework of the European Fusion Development Agreement.
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Table I. Parameters of selected JET discharges.

[1] A. Pankinet al, Comp. Phys. Shot#| regimellpl, MA/Bt]| 95 |n*10®m
Comm.,159 (2004) 157; A. Pankiet T
al, Comp. Phys. Commi164 (2004) 61132] H-modd 2.35/1.86 28 2.35
421; [2] R. J. Goldstomt al, J. Comp. | 61543 H-modd 1.7/1.5 3.78 4.4

Phys.43 (1981) 61; [3] A. Polevoet al, | 61430 H-modd 3/25 2.82 9.5
Report JAERI/97-014, 1997; [4] G. V762213 H-modd 4/3.14 2.77 9.2

Pereverzev and P. N. Yushmanov, 61236| H-mode 1/3 9 2.35
Report IPP 5/98, 2002; [5] D. R. 60931 HS 14/1.7 4.1 3.4
Mikkelsen, C. E. Singer, 58179| ITB 18/3| 55-6 2.3
Nucl.Technology/Fusior4 (1983), 237 ¢1344 CH 3/3.2 3 25

Table Il. Agreement for global NBI parametess=<(X ne—Xnvuseam/Xnuseaw (here X is the
integral over the plasma volume €ta<0.9 for sources, torque and total number of fast ions and
over the whole volume for total absorbed power. Time averamiag 0.5-1 s is applied to each
gquantity and the error bars are estimated as a maximum deviation framdhnevalue.

Shot# | Auest, % Lesi, %0 Dese, %0 | Deserpey %0 4, %
61132 7.4£2.8 15.23.4 -5.%3.4 6.33.2 -90.A34
61543 3.5+2 6+3.2 -8.42.3 1.42.3 -20. 49
61430 -0.24+2 4.6£2 -15+2 -4.32 -25:3.7
62213 | -1.4+15 3.2t1.5 -12.42 -2.5t1.2 -25:6.2
61236 15+2.6 2(5.8 12.87.3 18:4.6 -3.%24
60931 1.7+43 7.2+4.6 -10+£3.2 1.8t3.5 -10.9t12
54+2.1 7.3:3.4 -6.3t3.8 3.4+3.7 -16+12
58179 11.6t13 17418 14:13.8 15.816 -4+33
61346 | 17.3+4.5 18:6 11.56.8 18.35.7 -16.4:18

“Two sets of data are obtained during the I®%€ 9 MW) and high Rnpi= 17.7 MW)
heating power plateau correspondingly.
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Fig. 2. NBI power absorbed by electrons and ions, torque, electron source and
the source of thermal (CX) neutrals simulated with NBI (solid) and NUBEAM
(dashed) modules for discharge 60931. The profiles are taken with the time

Powrer: NUBEAM (dashed), MBI (solid), MWim®

Power: NUBEAM (dashed), NBI (solid}, MWIm®

Power: NUBEAM (dashed), MBI (sclid), MW/Im?®
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Fig. 3. NBI power absorbed by electrons and ions, torque, electron source and
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Fig. 4. NBI power absorbed by
electrons and ions in reversed
shear discharge with ITB
simulated with NBI (solid) and
NUBEAM (dashed) modules.
The profiles are taken with the
time interval 0.1 s.
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Fig. 5. Safety factor profiles for CH
discharge (61346, MSE measurements)

and high gs H-mode plasma (61236,
TRANSP simulations). The g-profiles for

TRANSP simulations lie within the

12

10

0 02 04 06 08
(Toroidal flux)®2 normalised

other H-mode shots obtained in

region shown by dotted curves.



