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=PFL  Background

JT-60SA tokamak:
= High i

= Long pulse operation | ~ y: o “
=41 MW of heating 1 1 O ~ #* |
= First plasma last year! ‘

Modelling of JT-60SA turbulence (including core) is one of
the current tasks
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=PFL  Reference scenarios
#1 #2

B, 225T
I 5.5MA Inductive  Inductive
R/a 2.96/1.18 m - _
A 75 Configuration DN SN
k)6 1.93/0.5 [, (MA) 5.5 5.5
v, 133 m° Bt (T) 2.25 2.25
t (flat-top) 100 s dos 3.2 3
H&CD power 41 MW P,4q (MW) 41 41
N-NBI (500 keV) 10 MW ] Pang/Pons/Prc 10/24/7  10/24/7
PNBI 85 keV) 24 MW 7, (10°m ) /fs  63/05  63/0.5
ECRH (82, 110, 138 GHz) 7 MW N W X

[G Giruzzi et al 2020 Plasma Phys. Control. Fusion 62 014009]
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=Pl GENEcode

= Gyrokinetic delta-f simulations with multiple kinetic species

= Global or local (flux-tube modelling)

= Linear and nonlinear simulations

= Electric and magnetic field fluctuations

E Fi'eolld aligned geometry — radial (x), binormal (y) and parallel (z)
gri

[Jenko F., et al. 2000 Phys. Plasmas 7]

= Will provide us with heat fluxes which can be compared to
expected values (heating power)
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=PFL 81 reference profiles

8
= GENE modelling carried out o
at Pyoroigal=0-6 5
= Same electron and ion =
temperature 9
= 4 kinetic species (electrons, e |
lons, carbon, fast ions) 0 02 04 06 08 1
Pt
= Fast ions temperature is 150
about 10 times higher
= Results published in : = 100
[A. lantchenko et al 2024 f “
Nucl. Fusion 64 026005]
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=PFL 81 linear modelling 100 | [ 2spsces

- |==== 3 species

- |==4 species

&
_ ) é 10—1 . |
Linear GENE modelling: . :
= MTM -> ITG —> 10-2 | |
= ETG growth rate not significant 10-11 10" 10!
= Growth rate goes down with HFE mode ky i
additional species Y- —
. . 20 ITG
= High frequency mode in 4 sp.
case s 0 - X """"
~~ y,
S —2
_A EM/ETG \
_6 Lol L i
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=P7L 81 two species modelling

» Default heat flux too low

= [ncreasing gradients causes
runaway of heat flux due to
non-zonal transition (NZT)
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=PL §1 four species modelling

. 250 —d
= Heat flux too low again o0 —fd
= High frequency mode é 150
dominating the heat flux w100
X 50 g UMY
- MOde goes away at Iower OJ O _ .MHH”HHH‘“””” ””H“““H\IllmHIllnm\ luu .QHHTM' ‘“m bt
T4 linearly. )
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=PFL  Bpar fluctuations

8- 5B|| =0, de -©- (53” #0, de

] ] —e— 0B #0,dec OB # 0, d,e,c.fd
= Inclusion of parallel magnetic 08 s : —
field fluctuation is crucial '
600 1 . . r
E —1 o - )
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k =0.05
y

=F*L - HF mode T

800 — A

700
600

= Not a tearing mode
= Not peaking at the center of flux

2500+
400 |

300 -

tube 200
« Frequency comparable to Alfven "t — Z /NN |
frequency (144 kHz vs 105 kHz) R A

The HF frequency mode connected
to TAE beating?

[Ajay C. 2024 arXiv:2404.18910]
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=P7L  Scenario 1 summary

= Nominal heat fluxes are too low to account for the heating
power.

= Small increase of the profile gradients results in NZT, sensitive
also to 3..

= Modelling with fast ions is complicated by a high frequency
mode (possibly TAE?)

= Correct inclusion of the electromagnetic effects is important
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=PFL  §2 reference profiles

= glectrons
m—jOns
fast ions |

= GENE modelling carried
out at p,=0.5

. . . E
= Similar profiles to the <
previous case 2|

= Simulations carried outat % oz o« o5 08
10x and 20x background
temperature for fast ions

= GENE simulations are ot |
still underway

T, eV

o N B o2} [oc]
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=PFL  §2 linear modelling

Linear GENE modelling:
= MTM -> ITG —>
= ETG growth rate not

growth rates _—

significant
. 100 o Aspecies, Bpar
= Growth rate goes down with | MTM | TG
additional species | |
= No high frequency mode
B Swiss -1
Plasma 107 10° 102

Center

13



=P7L 82 nonlinear modelling

5000
ITG scale modelling —4 speoies
4000 w— 2 SpEcies| |
= Heat flux about 200% of expected heating

= NZT still present at higher z
gradients = 2000
= No strong HF mode S Lo0ol

= 2 species case still in progress,
but much larger heat flux

0 50 100 150 200
tcS/a
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=PFL §2 nonlinear MTM modelling

Resolving MTMs:

_ 3500 f ]
= Challenging to resolve 2000 | [
= Heat flux still decreases with |

.. . 2500 r
additional species =
= 2000 | =/ species| |
= No HF mode o:g . — 2 spocios
Still awork in progress! heating
1000 ¢
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(R j : i i .
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=PFL B, fluctuations

= No strong linear effect of B,
linearly

= Still a strong nonlinear effect
= Consistent with S1 case
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=P7L §2 summary

heompal et sees cre oo Lo to coconpbdop the booting

power. Heat flux is overestimated in the simulations

= Small increase of the profile gradients results in NZT, sensitive
also to 3.

. ol th fast i . i ¥ hich.f
mode-(possiblyTAE?2)} HF mode has no significant impact

= Correct inclusion of the electromagnetic effects is important
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=PFL  Conclusions

= Gyrokinetic GENE simulations were carried out for the reference
scenarios of JT-60SA

= Unique parameters of the tokamak make electromagnetic modes
play an important role in the core region

= Electromagnetic effects need to be accounted for correctly
(including 0B,

= Order of magnitude of expected heat fluxes was recovered for
some cases, but strong sensitivity to profile gradients and the
equilibrium was observed
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=PrL
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Next steps

= Confirming the nature of the HF mode
= Converging S2 simulations
= Analysis of additional radial positions

= Simulations with three species to confirm the role of
fast ions
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=PrL
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Thank you for your attention!
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PrL Extra

Ta/Te 1 a /Ly 0.72
a/Lre 2.09, 2.3 (2.51) a/Lysq 1.72
Hd/H¢ 0.77 a/LTd 2.09, 2.3 (2.93)
e=a/R 0.51 e /ne 0.03
Zcf‘f 2 Hfd/ﬂe 0.03
ﬁc 2.7% (24[%}) H/L]r'm 4.25
ne [10"] 5.87 (5.28) T. [keV] 6.27
40 1.16
§ 1.55
Tia/Te 10.22 (8)
a/Lne 0.72, 0.8 (0.87)
a/Lng 0.68, 0.77 (0.87)
VeiCsa 0.045 (0.04)
" s, By [T] 2.35
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