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eA novel quasilinear turbulent transport model DeKANIS has been [0 NN models to predict particle and heat fluxes

constructed, which is suitable to investigate formation mechanisms of  ~~-nputlayer------ ~, ¢ Hidden layers, = -~~~ Output 'a‘éer """ o o
density and temperature profiles Xy RIL, — (O A T . » Training and validation data:

K — Cp . ~7,000 data points
\}1\‘ — (N * Experimental data with

*DeKANIS predicts turbulent particle and heat fluxes quickly with machine-

learning techniques. isis/ﬂ;xé;ﬂx N . 'Q:i%‘ — Cup large errors has been
e\While the original model covered only particle transport and determined a @IO e XK / . /ﬁ\%‘ %_Xe,ef_f/)(i,ef_f e_“minatEd-

turbulent saturation level based on experimental particle fluxes [Narita "\_______96_1_2__:_{5____?_,f' e J 'x\_fbl_iﬂ}_’_?_”f_’ie,/ * Xe is calculated not to break
NF2019], the capability has been extended to cover both particle and heat Saturation rule: A B the Onsager symmetry.
transport, and a new saturation rule has been introduced, which offers v’ After optimizing hyperparameters and activations functions,
potential for applying to different devices and improves the prediction density and temperature profile predictions have been realized.
accuracy.
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eSome transport models (e.g. TGLF and QualiKiz) have been used to 3\”L§\
predict the density and temperature profiles, but they require high di '3 ¥
computational costs. 1 :

Y18 ' >« AJT-60U test case is used.
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=» A neural-network (NN) based approach has been undertaken, resulting o 02 04 os o0s 0 o0z o0& os os ‘0o o2 os oe os ° Ittakes™3hours.

in a ~10°-fold acceleration of the calculations. (e.g. TGLF-NN [Honda : : :
POP 2019, Meneghini NF 2017], QuaLiKiz-NN [van de Plassche PoP 2020]) bbbt CURITRC o o VLT Lo Moy T o (o=

The existing models are hard to use to investigate relationship between -|Satur§t|or;‘ru|e A may '”Clrealse t(;‘.e aclcuraCV within the known parameter range by
profile formation and transport processes. earning the experimental value directly.

eHowever, it cannot guarantee the validity of the predictions outside the known

parameter range.
Key featu res Of DeKANIS Root-mean-square errors of fluxes for JET 16 NB heated L- and H-mode plasmas

eThe training dataset is based on a combination of the gyrokinetic code CRMSEoff, | | RMSEofQ.| | TRMSEofQ; || —— A Semi-empirical
GKW calculations and JT-60U experimental data. | | - ?r_(e% M;zi:eg)-length-like
eDeKANIS predicts particle and heat fluxes, considering the diagonal and | | B_?;;_ﬂ,)v,ixmg_|ength_“ke
off-diagonal terms individually. | L ! [ SWAcmrn S S (Qe turp base)
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Quasilinear transport modeling and saturation rules ) b b RMSE = ﬁz(gexp_l)
e Electron particle and heat fluxes: B Predicting diagonal and off-diagonal terms - The JET data have been taken from the ITPA International N:thVe number of plasmas
’re :5( L CP) indiYiduaIIy can be helpfu! to understand _ IIVI;ZI Tikzrgzlf;rzol\;i:ﬁaﬁ;af;'
~ - \lne Lte profile formation mechanisms. PI7¢ — ™77 e
0. : )?e ((;N % + % + CHP) < CT,p,N,Hl? are g.iven by Iinear | I v' Saturation rule B has a better accuracy for the JET plasmas.
- / """ | C: Off-diagonal term calculations with the gyrokinetic code eThe NN model of Saturation model B is separated from the experimental values,
o< (¢ —v,4y)° coefficients GKW [Peeters CPC2003]. and has learned only the GKW results.
: The turbulent fluctuation_amplitude .  The off-diagonal terms satisfies the 2 It is easy to expand the applicable plasma parameter range.
elon heat flux: Q; = ;:::; Xeffe LI; :; 2 _ Onsager symmetry: Yo = D CT;\?/Z -
e The 7 coefficients are estimated for the plasma parameters taken from JT-60U 23 H- Dependence of predlctlon trends on the saturation models
mode plasmas [Takenaga NF2008], and the results are used as NN training data. eSaturation rule A tends to overestimate the temperature of JT-60U plasmas because
- NB injection without gas puffing - Ip/By = 1IMA/2.0-2.2T the saturation level is determined based on f;ffrb.
- Positive magnetic shear - ITG or ITG/TEM modes (0.3 < p < 0.65) Mean offsets of predicted density and temperature for 14 JT-60U test cases
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A. Semi-empirical saturation rule [Narita NF2019, IAEA FEC 2018]
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B. Mixing-length-like saturation rule: newly introduced 05| | o5l | o5l 1Y 27 (Qeurn base)
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> Zonal flows: linear zonal flow response [Narita PPCF2018] v Temperature overestimation has been reduced due to inclusion of QP

e,turb’

* The linear zonal flow response function [Rosenbluth PRL1998]:
Key = 1/(1 + 1.6q%/€'/?)

* The residual zonal flow level: L, = KRH(V/Eg)O'S

» The validity of the mixing-length-like saturation rule will be checked.

representing the zonal flow potential [M. Nunami PoP2013]

B ¢ and S are optimized with Genetic algorithm against two different D. * Inconsistency between Dr_ and Dy, means that Q. /I calculated by
(1) Dy : estimated to match [*°° the quasilinear theory does not match the experimental value.
. - B _ . = — /72 . .- .
(2) Dg,: estimated to match Q,,;, that satisfies Qe source + Qe,equi + Qerad + . I\/Veakhde|c|)endence of D on ¥/kj contradicts the well-known mixing-
2 2 — ength rule.
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