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Introduction

Many important issues to improve confinement time in tokadekces are related to the de-
velopment of plasma instabilities that characterize tienhce and consequently energy and par-
ticle transport. We can distinguish between electros{&®) and electromagnetic (EM) plasma
instabilities on the basis of the fact if we neglect or not meti field perturbations. Electro-
magnetic instabilities represent a more general and monplax class of perturbations with re-
spect to the well-known electrostatic ones and can becagndisant, when ion/electron plasma
pressurel = P, + P. is finite or large compared with magnetic field pressse= B?/(2Lp).
Thus, it appears that the prediction of electromagnetexcesfis particular important in Spheri-
cal Tokamaks (STs) that can operate at ifigh P/Ps values. STs are devices that offer several
practical advantages such as radial compactness, pditelatveer cost components with an im-
proved plasma stability that allows operation at lower neignfield compared to traditional
tokamaks. In STs, the development of electromagnetic tenoe is often accompanied by a
stabilization of electrostatic instabilities and shegniate through which the turbulent cells are
decorrelated. The picture that emerges is, however, ertyeaomplex considering that elec-
trostatic instabilities such as ITG become alfvénic at bigh with significant magnetic fluc-
tuations, and microtering modes (MTMs) can become unstdblé/ instability is one of the
most important and less understood electromagnetic itistbin the tokamak context and its
name is related to the mode’s characteristic breaking afibgum magnetic field to generate
localized magnetic islands. It is probably related to theettgoment of a stochastic behavior of
the magnetic field that represents a very efficient mechaofdmeat transport at low values of
magnetic field. Stochasticity represents one possible amsim responsible of the strong elec-
tron heat transport, often observed in STs and that canndédaibed by standard quasilinear
models. Understanding and predict this kind of transpakisemely important by considering
that fast ions produced by fusion process will primarily thel@ctrons in the future tokamak
machines.
Stochastic models

A magnetic field can present a stochastic behaviour at tHacgmg = m/n (with mandn
poloidal and toroidal mode numbers) when the width of thaliaed resonant magnetic island,
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w; [1] exceeds the distance between rational surfa®ess:
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Thus, the stochasticity threshold is related to a criticatimmamplitude that depends nysafety
factor g ~ rBp/RBg, and magnetic shear=r/qdg/dr. The relative amplitude of magnetic
fluctuations,0B/By, increases with3, and this quantity is often sufficiently large in STs to
exceed the stochasticity threshold [2]. Although the peobbf stochasticity is far from being
completely understood, different reduced models have beegloped to describe its correlated
transport. The starting point, for many of them, is to assteca radial displacemesix to a
magnetic fluctuatio®B via the simple expressiodx/l|, = B/Bg in which I, represents a
characteristic length scale along the magnetic field doea Thus, a magnetic diffusivity can
be defined aBets = (3x)?/dt = (6B/Bo)?l|pov = Dmv, whereDy, is a coefficient providing a
measure of the stochastic behaviorB&indv is a characteristic velocity that depends on the
adopted model. For example, in the Kadomsev Pogutse moplah[&xpression fov is ob-
tained assuming that when two stochastic perturbed maygfelt lines approach each other,
an electron can jump from one to another line via collisiggralcess. The model is collisional
in the sense that the jump of a decorrelation lerigthrequired for an electron to be captured
by another magnetic line, is entirely due to collisions. s mechanism, discovered by Rech-
ester an Rosenbluth (RR) [4, 5], more efficient than that sopgsed in Ref.[3] highlights that
two neighbouring magnetic field lines separated by a pelipaladt distance, at one location,
become exponentially separated along the field direatidhus, because of the conservation of
magnetic flux, it follows that a correlated region of flux intachastic field must expand and de-
velop increasingly fine scale dendritic structures (of Widlf ~ xge %' ) in the perpendicular
plane az increases. Due to the formation of these structures, a veajl sollision is sufficient
to cause an electron to move between uncorrelated field. IDelfisions, therefore, play the
important role of seed of the process, in the RR- model. Om#sés of these considerations it
is possible to rewrit®¢ ¢+ expression as follows (see Ref.s [4, 5, 6] for a derivation):

5B>2|£

Deff =Dmv= <B_o (2)

lic I
in which the velocityv is a function of a diffusivityD|, and of a length scale, that represents
a generalization of the Kolmogorov length schlebecause related also to the fix geometrical
configuration via the magnetic shear value that changeg dtanradial direction.
Reduced modelsin JINTRAC and simulation results

In order to implement stochastic models in JINTRAC, diffarassumptions and approxi-
mations have been done. Nonlinear drift-kinetic theoryhef stochastic turbulence suggests
saturation occurs at amplitud®/B = pe/Lt [7] (Drake hypothesis). Thermal conduction co-
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Figure 1:(Left panel) Comparison betweeg T;, den exp. profiles (dash Ii;es) and profiles obtained by
using RR_jess + BgB (continuous line). Density profiles are overlappedaise g has been assumed
interpretative. (Right panel) Transport diffusion coeéitt profiles in[m? /g units.

efficients for electrons, derived from kinetic theory, hédezn considered equal Dﬁ ~ Xﬁ ~
VeAmfp The length scale is assumqg) ~ R, because of the order of the tokamak machine.
Moreover, the important length scale expressjgre R/ In[rwi /(2drres)] comes from an an-
alytical derivation obtained for a single toroidaimode [4, 8]. The general formulay for a

n spectrum is unknown, but it is possible to demonstratelthjat |, c. Thus, given a possible
scenario, from the equilibrium conditions, by comparing lgngth scaledmspand the ., it is
possible to select the suitable model to describe stoditgsB8y using the mentioned approxi-
mations the following equations have been implementedNiTf RAC:

XeRR jess ¥ (f—:)ZRVeZ\/;ZT<1— LR) XeRRy ~ (LP—E)ZRVem ©))

. e
for collisionless Amtp > |c) and collisional Am¢p < 1) scenario. A hybrid v|ersiop(% 2
(Xe_RlFéqess"' Xe_FéLI%(,”)_l for the possible scenaritimtp~ ||c has been also implemented in the
code. These reduced models have been coupled with TGLF (8Ad BAT2 saturation rules)
to supplement the transport from this latter. In fact, wiHi@LF can be used in electrostatic or
electromagnetic mode, in electromagnetic mode it has ficgrit radial resolution to capture
stochasticity derived from the development of instalgiitsuch as MTMs. The resulting reduced
transport model has been validated via a comparison betaieriations and MAST/MAST-
U experiments. Different selection criteria have been &stbpo select the most suitable dis-
charges. Shots that span in a certain range of collisiomaésdave been considered because of
the importance of the collisionality. Experimental diskjes not affected by Magnetohydrody-
namic (MHD) instabilities, whith small variations in timé guantities such as temperature and
density have been selected. Thus, MAST shots 22664, 22 t®AST-U shots 47003, 46978
have been analysed. The RR + TGLF(SAT1) has shown integesgsults putting in evidence
the important role that stochasticity can play in ST tramsgostatistical analysis via a reduced
X2 =x?/ fp, with f, number of degree of freedom, has shown a good agreementdyeéxper-
iments and simulation predicted profiles. This has beenasfirmed by a low relative error
AW = (Wejg o — Wei )/WeJeXp on the stored enerdi; (see Fig. 24 in Ref. [6]).

ylexp
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Results in [6] show a trend for which the importance | | Ei?z?
of stochasticity with respect to the other ES/EM insta- =t
bilities increases by increasing thg p/l| ¢ ratio. This
trend could be very useful in the assessment or qual-

ification of the role of stochasticity in tokamak sce- Ooo S E—
narios. We observe that the stochastic RR-model with /o
the adopted approximation can be coupled with otfd@ure 2:Xerr radial profiles in [m?/s|
models and improved in different ways. Here, we shaiits, for different magnetic field values.
preliminary results of RR + BgB model and we present a scahamtagnetic field in order to
study the Drake hypothesdd3/B = pe/Lteinfluence. For the BgB model the following expres-
SIONS XeBohm= 0~5<Te/BO)aq2‘DPe|/Pe, XiBohm = XeBohmand Xgeohm= Pi|R|/(GineBo) (with
g ion charge) has been adopted in JINTRAC. We have consideresitg, temperature profiles
close to those of the analysed MAST case 22664 that preskemtgdvalues of stochastic trans-
port and for which the RR-collisionless model can be useds#lected major radiuR = 0.8m,
minor radiusa = 0.6m, elongationk = 1.9 and triangularityr = 0.2. By assuming predictive
temperature profiles and interpretative density profiles@aggreement has been observed be-
tween simulations and experiments as shown in Fig. 1 in whiittal electronTe (red-dash
lines), ionT; (blue-dash lines) temperature, density(green) profiles ande, T, ne Simula-
tion profiles (continuous lines) are plotted. The yellowm@as in the figure represents the safety
factor. Diffusion coefficient profiles are shown on the righFig. 1. These profiles show a dom-
inant electron stochastic transport in the middle of théaldzbx and lower ion transport. These
results are in qualitative agreement with results obtabyedinning RR-model + TGLF(SAT1).
Assuming this case as a reference, a scan in the magnetihésltheen performed. Results
shown in Fig. 2 put in evidence how the amplitude and shap&fdecreases by increasing
B. A detailed comparison between Bohm, gBohm and stochaatisport as a function ¢@
values and other parameters will be presented in a futurerpap
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