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The magnetic field model of the original IFOSIT code was improved by the analytical model of the magnetic
field, which takes into account Shafranov shift, elongation, triangularity and up-down asymmetry. The spatial and
velocity dependence of the CFP source can be taken into account in the renewed code. New options are employed in
renewed IFOSIT: calculation of energy and particle fluxes, calculation of the spatial and velocity distributions of

lost and confined particles and time evolution of these distributions.
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INTRODUCTION AND MOTIVATION

The particle transport and the confinement of fusion
produced a-particles are important issues for a fusion
reactor [1-2]. Resonant magnetic perturbations (RMPs)
have become a powerful tool for modifying the edge
transport properties and for plasma stability control in
present day tokamaks. The application of non-
axisymmetric RMP fields in the plasma edge region is a
promising technique to suppress and mitigate ELMs for
H-mode tokamak plasmas. It is confirmed by experi-
ments on the DIII-D tokamak [3], and later on JET [4]
and TEXTOR [5]. The alteration of transport properties
of charged fusion products (CFP) induced by these per-
turbations can be regarded as the crucial point for ap-
proving the application of RMPs in future tokamak re-
actors [6]. Note that strong effect of RMPs on the con-
finement of NBI ions in ITER have been predicted re-
cently in [7]. Because, a deeper understanding of how
RMP fields modify charged particle dynamics; edge
transport and stability are needed.

In order to understand the CFP losses driven by
RMPs, a specific numerical code IFOSIT (Ion Full Or-
bit Simulation in Torus) has been developed [8]. The
simulation is based on the test-particle approach. To
calculate each particle trajectory the numerical solution
of the full orbit equation is performed by the Runge-
Kutta method. Coulomb collisions in the code are taken
into account by a 3D Monte-Carlo operator employing a
continuous spectrum of random velocity changes [9].

1. MAGNETIC FIELD MODEL

In current study, magnetic configuration of tokamak
is assumed to be axisymmetric with non-circular flux
surfaces. The analytical model for such configurations is
described in details in [10]. It is supposed that flux sur-
faces are determined by the parametric dependence of
the cylindrical coordinates

R(p,x)=R,+A(p)+pcos(x).,

2(p.2) =20 ~k(p)psin(2)[1-Alp)eos(1)] . @)
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where R and Z represent the spatial variables of the
cylindrical coordinates {R,,Z}, p and y represent

variables of the new flux-like coordinates {p, z,¢}

A(p), k(p) and A(p) are flux surface parameters:

the Shafranov’s shift, the elongation parameter and the
triangularity parameter respectively, and o is a flux

surface model parameter, R,is vacuum vessel major
radius, Z, isa Z coordinate of the magnetic axis. The
coordinate p is a flux surface label and its value is

equal to distance between the magnetic axis and the flux
surface in the equatorial midplane, and y is the analog

of poloidal angle. The angle ¢ is the toroidal angle, and
its value and direction coincide in both coordinate sys-
tems {R,,Z} and {p, z.p} .

Parameters of the magnetic field model

Parameter name, unit Parameter
value
Vacuum vessel major radius, m R, =2.89
Magnetic axis Z coordinate, m Z, =0323
Flux surface model parameter a=-0.5
Maximum minor plasma radius a, =0.961
in equatorial plane, m
Magnetic axis Shafranov shift, A, =0.11
m
Elongation profile parameters k,, =136,
k, =0.315

Triangularity profile parameter A, =0.174
Total poloidal current parame- J=-7.58
ter, Tm

Magnetic configuration calculated using parameters
given in Table is in good agreement with typical axi-
symmetric equilibrium magnetic configuration in JET.

(1) This model was used in for calculation first orbit loss

fluxes in tokamaks with non-circular cross-section, and
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examples of the flux surfaces, calculated on the basis of
this model, can be found in [11].

2. FIRST ORBIT LOSSES OF a-PARTICLES

During the test runs, the dynamics of D—T first
orbit losses of a — particles was simulated for the cases
without RMPs. We assumed that the background plasma
consists of the 50 % mixture of D- and T-ions. The
number of electrons satisfies the charge neutrality con-
dition n, = n, +n,. Also, we assumed that the tempera-

ture of ion and electron specie are the same. The radial
profiles of density (n,) and temperature (7,) of plasma

e

components  were chosen in  the  form
n(r)=n, (1—/7;/) and T(r)=T, (l—pf,), where the

subscript “0” denotes on-axis values. Using these radial
profiles of the densities and temperatures, the CFP
source (reaction rate) profile was calculated (Fig. 1). In
order to simplify calculation of the weights, the para-

bolic fit S, (p) o (1 - Py )5 was used.

The start positions of the test particles are uniformly
distributed in the volume of the plasma trap with the
help of the random numbers generator. To each particle
the weight was attributed. This weight is proportional to
the reaction rate in the region, where test particle starts
it motion.
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Fig. 1. The reaction rate profiles: calculated and fitted

In velocity space the test-particles were uniformly
distributed on the sphere with radius equal to the birth
velocity of particles.

We calculated the trajectories of 100°000 particles
with next initial parameters: Initial energy (3.5 Mel),
velocity  distribution  (isotropic), simulated time

(20)(10_6 s5), Runge-Kutta step (1/200 T¢, ) and Monte-
Carlo Collisional step (100 Tc,)

To evaluate the net flux of the lost CFP, we assumed

that source is constant in time and used
1¢|dn ) )

I(1)=- j o dt , which sums the lost rates of fractions
toldr

of CFP born at different time. The same procedure can
be done for density evolution. As far as source is sta-
tionary, the net flux reaches the stationary value too. In
contrast to density, which is obviously increasing, be-
cause only certain part of CFP is lost, and others con-
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tinue to be confined in trap. The ratio of the lost parti-
cles can be easily estimated as 15 % (Fig. 2).

In conclusion, we would like to present the poloidal
(Fig. 3) and pitch (Fig. 4) distributions of the lost CFP
fluxes. These distributions are in good agreement with
simulation results [11, 12], theoretical predictions for
the first orbit loss mechanism [11, 13, 14] and results of
the experimental study of these losses [15, 16].
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Fig. 2. Flux of lost particles
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Fig. 3. Poloidal distribution of the flux
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Fig. 4. Pitch distribution of the flux
CONCLUSIONS

The magnetic field model of the original IFOSIT
code was improved by the analytical model of the mag-
netic field, which takes into account Shafranov shift,
elongation, triangularity and up-down asymmetry.
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The spatial and velocity dependence of the particle
source can be taken into account in the renewed code
now.

Smooth axially symmetric 2D wall is assumed here.

Optimized calculation procedures gives an opportu-
nity to increase number of particles in simulated ensem-
ble and to estimate statistic uncertainties.

New options are employed in the renewed IFOSIT:

+ calculation of the energy and particle fluxes;

+ calculation of the spatial and velocity distribu-
tions of lost and confined particles;

» the time evolution of the spatial and velocity
distributions.
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INOTOKH DHEPIT'MU U YACTHUII ITPU HAJIMYUHA PMB B IVIASME OCECUMMETPUYHOI'O
2D-TOKAMAKA

A.O. Mockeumun, F0.K. Mockeumuna, O.A. HlTuwxun, B.A. Aeéopckuii, K. Illong

Mogens marauTHOTO o7 B Koje IFOSIT 6puta pacmmpera mpu HOMOIN aHATTUTHYIECKOH MOJIEII MATHUTHOTO
HOJIS,, KOTOPAasi YUUTHIBAET MAa(PaHOBCKUI CABUT, SIUIMITHYHOCTD, TPEYTOJIBHOCTh U aCHMMETPHIO «BepX-HU3». B
OOHOBJIEHHOM KOJIE TEMepb yYUThIBAaeTCsA (opMa Mpoduisi HCTOUHUKA 3apsKEHHBIX MPOAYKTOB CHHTE3a Kak B pe-
aJbHOM TPOCTPAHCTBE, TAaK M B MPOCTPAHCTBE CKOpocTeil. B HOBo#t Bepcun koma IFOSIT peann3oBaHbl HOBbIE BO3-
MOXHOCTH: BbIYUCJIICHUC ITOTOKOB SHEPIrUn U 4aCTUll, pacyeT pacnpeaeneﬂnﬁ TEPACMBIX U YACPKUBAEMbBIX YaCTHUIl B
peasbHOM M CKOPOCTHOM ITPOCTPAHCTBAX M 3BOJIIOLUSA 3TUX PACHpPEIeICHUH.

TMOTOKHU EHEPTTi TA YACTUHOK ITPA HASIBHOCTI PM3 ¥ IVIA3MI BICECUMETPUYHOI'O
2D-TOKAMAKA

A.O. Mockeimin, I0.K. Mockeimina, O.0. Illuwkin, B.O. feopcokuii, K. Illong

Mogpens maraitHOTO oA B koxai [FOSIT Oyia po3mupeHa 3a JOIOMOTOI0 aHAJTITHYHOI MOJETI MarHiTHOTO IO-
JI51, SIKa BpaxXoBYye madpaHiBCHKUH 3CYB, ENIMTHYHICTD, TPUKYTHICTh Ta ACHMETPII0 «BEPX-HU3». Y OHOBICHOMY KO
Ternep BpaxoBYeThCs popMa npodiiio JKepena 3apsHKeHHX MPOIYKTIB CHHTE3Y SK B PeaIbHOMY IIPOCTOPI, TaK i B
npoctopi mBuAKocTed. Y HoBiii Bepcil koay IFOSIT peanizoBaHi HOBI MOXKIIMBOCTI: PO3paxyHOK MOTOKIB eHeprii Ta
YAaCTHHOK; PO3PaXyHOK PO3IMOJUIIB Y peabHOMY Ta MIBUAKICHOMY MPOCTOPaxX AJsl YaCTHHOK, SIKI BTPAavarThes, Ta
THX, K1 yTPUMYIOTbCSI, Ta €BOJIIOLIIS [IUX PO3MOILIIB.
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