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Future tokamaks are expected to operate in H-mode

* Promising operational regime for future
fusion devices

- Characterized by good confinement and

steep gradients near the plasma edge
% HIGH
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Future tokamaks are expected to operate in H-mode

* Promising operational regime for future
fusion devices

- Characterized by good confinement and

steep gradients near the plasma edge
HIGH ELM
- Limited by ELMs!]

—|Intolerable for future fusion devices

[1] H. Zohm, Plasma Phys. Control. Fusion 38, 105 (1996)
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Future tokamaks are expected to operate in H-mode

* Promising operational regime for future
fusion devices

- Characterized by good confinement and

steep gradients near the plasma edge
IGH LM ELM-free
- Limited by ELMsl'! E @% ﬁ
A A A" i
fl

—|Intolerable for future fusion devices

- ELM-suppressed or natural ELM-free
regimes must be investigated

[1] H. Zohm, Plasma Phys. Control. Fusion 38, 105 (1996)
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Quiescent H-mode might be atiractive for future fusion devices

 EEGAOGE widepedestalQH

- QH-model' 2l operates with H-mode-like confinement but o P
without Edge Localized Modes )
E kT
- Transition to WPQH observable with low NBI torquel3- 4] = (:)3'
- Broadband turbulence regulates WPQH in contrast to the 13 WWWWWW
EHOs of standard QH 19 et =
— lon/electron directed modes %:%WWM
— Motivates usage of models that decouples electrons and ions s |

Time (ms)

X. Chen et al., NF §7, 022007 (2017)

- QH-mode plasmas have high impurity concentration

_ Ol A s T e ITER @15 MA
§5_ O qNeg:D O L-mode Q=10
1] K.H. Burrell et al., Phys. Plasmas 8, 2153 (2001) Tl
2] K.H. Burrell et al., Phys. Plasmas 12, 056121 (2005) 2
3] X. Chen et al., Nucl. Fusion 57, 022007 (2017) 3.l
4] K.H. Burrell et al., Nucl. Fusion 60, 0846005 (2020) 3_

o
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C. Paz-Soldan et al., PPCF 63, 083001 (2021)
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Takeaways of this presentation

* Extende

d-MHD and ion multispecies collisional effects are needed to model

plasmas where it is important to decouple elecirons/ions and with high impurity
concentration

—lon mu
simulat

~WPQH

—Linear simulations show peeling-ballooning modes

tispecies collisional effects (des-)stabilize modes in (single-fluid) extended-MHD

ons
+ metal wall still accessible by MHD modes it same profiles are achievable

* Nonlinear extended-MHD simulation shows interesting mixture of instabilities

—Nonlinear simulations show low-n + n ~ 20 acfivity
—Preliminar analysis shows qualitative agreement with ECEl measurements
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Outline

- WPQH-mode discharge 184971
- Simvulation set up with full-extended MHD NIMROD

» Simulation results
—Linear MHD simulations
—Nonlinear axisymmetric simulations
—Nonlinear simulations with fluctuation-driven transport

 Conclusions & Outlook

Dill-D
TI L FUSI FACILITY

7 NATIONAL FUSION FA

= y.
0 PPPL 47
o:ocsnsm aromics L
ARORATORY AN




Outline

- WPQH-mode discharge 184971
« Simulation set up with full-extended MHD NIMROD

» Simulation results
—Linear MHD simulations
—Nonlinear axisymmetric simulations
— Nonlinear simulations with fluctuation-driven transport

« Conclusions & Outlook
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Wide-pedestal QH-mode 184971 @ 3.2 s shot chosen for

diagnostic availability

G. Yu et al., PPCF 64, 095014 (2022)
184971, ECEIl spectrogram at psiN~0.97

80

* BES and ECEl measurements available = 60|
=

. . . § 40
—Allows comparison between simulation and 5

experiment

_ P30 335 340 345
* Normal |, and normal B; (B - jT < 0) QH-mode shot time(s)
— Modespec_DIIID#184971 = 0
J -y 7
—BES measurements aligned with field lines _ ml 1 [* &
ﬁ ! 1 ) g
a 40 - " "47%
- ECEl and BES agree on frequenciesforn=4 - 6 | 3 2
I i o b e e 3 Tt T M
_ ! 1 i1 - |
0 3.0 3.9 3.7
t(s)
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Outline

« WPQH-mode discharge 184971
- Simvulation set up with full-extended MHD NIMROD

» Simulation results
—Linear MHD simulations
—Nonlinear axisymmetric simulations
— Nonlinear simulations with fluctuation-driven transport

« Conclusions & Outlook
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Full extended-MHD code NIMROD is well suited to study interplay

between impurities and QH-mode plasmas
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Full extended-MHD code NIMROD is well suited to study interplay

between impurities and QH-mode plasmas

0B . o JXB-Vp. me. 9] | - _>
—=VX|uXB —Sg +V(DgV - B
ot . Nee e‘n, 0t L & (Ds )
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Full extended-MHD code NIMROD is well suited to study interplay

between impurities and QH-mode plasmas

aﬁ ., = fXE—Vpe Me aj e G B
— =VX|uXB — S +V(DpV - B
ot . nee e“ne Ot " ’ ( ’ )
and -

F: —V°(Tldv)+v'(Dnvnd)_Snd
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Full extended-MHD code NIMROD is well suited to study interplay

between impurities and QH-mode plasmas

0B L o= X B—Vp., m, a7 | - .
FranR e _ 5, +V(DyV- B
ot u n.e ezne ot nj B ( B )
on
a_: = -V (ng®) + V- (D,Vng) — Sp,
at - 1mp n 1mp nimp
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Full extended-MHD code NIMROD is well suited to study interplay

between impurities and QH-mode plasmas

OE ., = j)x E R Vp m a]_) ' N B
Franhl e nee e ezzeat 1| = 3e + V(DsV - B)
on
a—td = —V - (Tldﬁ)) + V- (Dnvnd) o Snd
a"imp——v-(n- 1}’)+V-(D Vn. )—S

E» — imp n imp Nimp

aﬁ — — -

por = —pU - VU —Vp+)XB—-V-I1-5,




Full extended-MHD code NIMROD is well suited to study interplay

between impurities and QH-mode plasmas

OE ., = j)x E R Vp m a]_) ' N B
Franhl e nee e ezzeat 1| = 3e + V(DsV - B)
on
a—td = —V - (Tldﬁ)) + V- (Dnvnd) o Snd
a"imp——v-(n- 1}’)+V-(D Vn. )—S

E» — imp n imp Nimp

aﬁ — — -
p§=—pﬁ-V1?—Vp+fxB—V-H—Sv

TllkB BTI B TllkB
-1t TI'—1

V- (T3)+ (T =2)T.V-8]—=V-G — S,
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Full extended-MHD code NIMROD is well suited to study interplay

between impurities and QH-mode plasmas

OE ., = j)x E R Vp m a]_) ' N B
Franhl e nee e ezzeat 1| = 3e + V(DsV - B)
on
a—td = —V - (Tldﬁ) + V- (Dnvnd) o Snd
a"imp——v-(n- 1}’)+V-(D Vn. )—S

E» — imp n imp Nimp

aﬁ — — -
p§=—pﬁ-V1?—Vp+fxB—V-H—Sv

TllkB BTI B TllkB

r—-1o0t TI'—1
TlekB BTe B TlekB

r-1o0c TI'—1
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V- (T3)+ (T =2)T.V-8]—=V-G — S,

V- (Teﬁe) + (I' - Z)Tev ' ﬁe] — V- C_I)e — STe
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Full extended-MHD code NIMROD is well suited to study interplay

between impurities and QH-mode plasmas

Extended-MHD effects:

0B ’YXB—V m. o7 ; - Electron dynamics
] e 2 2 j| - S5 + V(DgV - B)

dt Nee e2n, Ot - Electron inertia
ong - lon gyro-viscosity
T —V- (ngv) + V- (DnVna) — Sy - Cross heat flux
animp B

= —V - (Nimp?) + V- (DnVnimp ) — Sy
v L L, - o -
p§=—pv-Vv—Vp+]xB—V-H—Sv
TllkB BTI_ TllkB

r—-1o0t TI'—1
TlekB BTe B TlekB

r-1o0c TI'—1
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V- (T3)+ (T =2)T.V-8]=V-G —S;

V- (Teﬁe) + (I' - Z)Tev ' ﬁe] — V- C_I)e — STe
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Full extended-MHD code NIMROD is well suited to study interplay

between impurities and QH-mode plasmas

Extended-MHD effects:

0B IxB—-Vp, m, 3] | .- __ - Electron dynamics
nj| =S +V(DsV-B) _ ¢ ectron inertia

ot Nee e‘n, 0t

Ing - lon gyro-viscosity
o = Ve (ngv) + V- (DyVng) — Sy, - Cross heat flux
animp _

Pk —V - (Nimp?) + V- (DnV7imp) — Sy

61}) — > —
pE=—pﬁ-V5—Vp+fxB—V-H—SU

nIkB 8T1 B nIkB

r-1o0t I'—1
TlekB 8Te B TlekB

r-1o0c TI'—-1
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imp Relaxation sources:

Sf — Tm(J_C))Vf[< f >€0 —f(t — O)]
V- (Tiv) + T —=2)T;V-v] -V-q — Sy

[V - (Teﬁe) + (I' - Z)Tev ' ﬁe] — V- C_ie _ STe
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Full extended-MHD code NIMROD is well suited to study interplay

between impurities and QH-mode plasmas

Extended-MHD effects:
OB IxB—-Vp, m, 0] | - _,. - Electron dynamics
| =Sg +V(DsV-B) _ Flectron inertia

ot Nee e‘n, 0t

Ing - lon gyro-viscosity
o = Ve (ngv) + V- (DyVng) — Sy, - Cross heat flux
animp _

Pk —V - (Nimp?) + V- (DnV7imp) — Sy

61}) — «— —
pE=—pﬁ-V5—Vp+fxB—V-H—Sv

nikg 0T nikg 9 N N
=V )+ T - 2TV 3] - V-G =S

Lo e % ) ) Multispecies collisionalities:
Fe—l ate: [‘e—l[v‘(TeUe)+(F—2)Tev°Ue]_v°qe_STe 5 [MeVe -
n:dS(X) ;Ve:ZT ;
Nee? °F

@
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imp Relaxation sources:

Sf — Tm(.?_C))Vf[< f >¢ —f(t — O)]

Tep X 1/q§
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NIMROD applies relaxation sources where most of profiles are

measured. Diffusion is enhanced beyond the limiter

- Relaxation sources applied to

constrain profiles to experimental relax_mask(1) - Diff_shape eq
meCISUI'emen'l'S - 0.91B4 - 229.7
w0 - 0.31534 - 204.3

* Transport coefficients are
enhanced beyond the limiter o 1789

0.6122 153.4

(there is no plasma out there)

E 0.0 0.5102) 128.0
0.4082 102.6
Sf — Tm(f)Vf [< f >¢ —f(t — O)] o 0.3061 77.2
B . me’ve B _1 | 0.2041 51.8
TI - dS (x) <neez> ) ve _ Z Teﬁ o . "
1, [ +e
2 s
TEB X 1/qﬁ 0 L2 44 16 18 20 22 za o 1.0 - 1j5 2_'0 1.0

R{m)
R(m)
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Spatial and temporal discretization in NIMROD

- Spatial coordinates: 2D poloidal plane (non-uniform s Té,
meshing) + finite Fourier series (toroidal direction) [

— @ decomposition intfo Fourier modes of 2D planes

—2D planes are decomposed in blocks containing information
of all Fourier modes or a real-space representafion in ¢ lnearized terms ~ /  mode-mode coupling
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Spatial and temporal discretization in NIMROD

- Spatial coordinates: 2D poloidal plane (non-uniform Té,
meshing) + finite Fourier series (toroidal direction)

— @ decomposition intfo Fourier modes of 2D planes

—2D planes are decomposed in blocks containing information
of all Fourier modes or a real-space representafion in ¢ lnearized terms ~ /  mode-mode coupling

* Time-evolution considers semi-implicit/implicit Leapfrog

vJ Vj+1
—T,n, B at j+1/2 are known and used to get vi*! | | i
t| t|+1/2 1'_|+1 t] 3/2
_vi*lis used to determine n, T, B at j+3/2 |
nj+1/2, Tj+1/2 nj+3/2, -I-j+3/2
Bj+1/2 Bj+312

C.R. Sovinec et al., J. Comput. Phys. 195, 355 (2004)
C.R. Sovinec and J.R. King, J. Comput. Phys. 229, 5803 (2010)
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NIMROD is parallelized to handle Fourier modes

+ 2D plane block decomposition

* Preconditioning is achieved using block-Jacobi = Té,
decomposition by Fourier mode -

—Modelling different fime scales (e.g. electron vs ion dynamics)
and large k; produce ill-conditioned matrices

—Parallelization partioned over FEs and Fourier modes (MPI) Lnearizedterms /- mode-mode coupling
- Solution is obtained with Matrix-free iteration GMRES [ . ] . .
* The semi-implicit/implicit Leapfrog allows to solve Ax=Db B - B
forv, n, T and B independently =1 : L
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NIMROD is parallelized to handle Fourier modes

+ 2D plane block decomposition

* Preconditioning is achieved using block-Jacobi
decomposition by Fourier mode

# of modes

—Modelling different time scales (e.g. electron vs ion dynamics) .. *
and large k; produce ill-conditioned matrices ¢
1000 + ’ ‘ ’
—Parallelization partioned over FEs and Fourier modes (MPI) : 3001 o ¢ '
- Solution is obtained with Matrix-free iteration GMRES
* The semi-implicit/implicit Leapfrog allows to solve Ax=Db
forv, n, T and B independently T w . w

* NIMROD shows good weak scalability in perimutter (NERSC)
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Outline

« WPQH-mode discharge 184971
« Simulation set up with full-extended MHD NIMROD

- Simulation results
—Linear MHD simulations
—Nonlinear axisymmetric simulations
— Nonlinear simulations with fluctuation-driven transport

« Conclusions & Outlook
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1lel9

Re ne n=2

led3

Linear extended-MHD simulations show edge modes

Re ne n=18 1113

1.256 1.28
4.
1.002 81 .82
0.748 3.63 4.37
2.45
0.494 2.91
III|I III A II|
- 1.26 \
L 0.240 \ |l Fias
— 'Il'l
= - 0.08
= - —0.013 ||,| - —0.00
- —=1.10 '
|| | -0.267 | Il F-1.28
| II ||
~0.5 - ' | 2 '
\ ' -0.521 \ | '. -2.91
I' { I', II|I
\ / II| -3.47 II'
18 / —0.775 [ # {1\ —4.37
-1.0 - - \ y |
' - ~4.65
-1.029 \< & -5.82
— "I - — ' - | B
T _LI_ — T T ~ L T — 5, 34 T = _LI____ T
1.0 1.5 2.0 1.0 1.5 2.0 1.0 1.5 2.0
R{m) R{m) R{m)

* Presumably, these are regarded as peeling-ballooning modes

—Role of C/W collisional effects on growth rate¢ Role of 2F/FLRe
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lon multispecies collisional effects impact the linear stability

9..
® #184971 with C %
8{ ¢ #184971 without C ¢
71 Extended-MHD .
} $
~ 6 A ® ® i@ &
&> ‘ E =
e 4
®
" ¥
o . ® @ ®
B
-
2 4 6 8 10 12 14 16 18

n

* Modes are linearly more unstable without carbon - carbon has stabilizing impact
—Resistivity decreases without carbbon (destabllizing effect on peeling-ballooning modes)

Dill-D
FUSI FACILITY

28 NATIONAL FUSION FA




lon multispecies collisional effects impact the linear stability

9 o
@ #184971 with C ¢ 6 -
8{ @ #184971 without C ¢ ‘
_ X
7{ Extended-MHD " > Ex’rended—MHD; ;
6 & ¢ & @ 4
T 4 ’ L -
M 5 g
- § ¢ v S 3
5 4 .
. -
3 ¢ . A * . @ #184971 with C
¢ °o ® * ¢ #184971 with 25% C --> W
‘1l @ ® 18 W #184971 with 50% C --> W
o X #184971 with 75% C --> W
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18
n n

* Modes are linearly more unstable without carbon - carbon has stabilizing impact
—Resistivity decreases without carbbon (destabllizing effect on peeling-ballooning modes)

* Tungsten collisional effects have modest effect on linear mode stability

—Resistivity increases with tungsten, having stabilizing impact in
extended-MHD

}f. y . °¢ &
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lon multispecies collisional effects impact the linear stability

9 %
@ #184971 withC % 6 - - ®
81 @ #184971 without C ¢ ‘ ‘ o
] X 1.75 A . .
5 .
71 Extended-MHD Extended-MHD ® Single-fluid €
4 ¢ n * 1.50 - - ® w
6 - ®
a4 ¢ & " o . T 195 *
" s ¢ @ 4 4 S " *
g ¢ * < B = 1.001 ® *
5 4 . > a & *
¢ @ 5l 8 l 0.75 -
3 A @ #184971 with C .. "
¢ L0 * ¢ #184971 with 25% C —> W 0501 @ o
2 o ® 18 B #184971 with 50% C --> W 005 @ * * #184971 with 50% C --> W (single-fluid)
; ‘ X #184971 with 75% C —-> W * ® #184971 with 75% C --> W (single-fluid)
T T T T T T T T T T T T T T T T T T 0-00 ] T T I 1 T T T | |
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18
n n n

* Modes are linearly more unstable without carbon - carbon has stabilizing impact
—Resistivity decreases without carbbon (destabllizing effect on peeling-ballooning modes)

* Tungsten collisional effects have modest effect on linear mode stability

—Resistivity increases with tungsten, having (des-)stabilizing impact in (single-fluid)
extended-MHD!1-4] 1] D. Banerjee ef al., Nucl. Fusion 57, 076005 (2017)

2] X. Lin et al., Plasma Phys. Conftrol. Fusion 62, 035011 (2020)

3] T.F. Tang et al., Plasma Phys. Control. Fusion 67, 085015 (2025)

4

J.J. Dominguez- Paloaos Duran et al., Na . Fusion 66, 036003 (2026)
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Nonlinear physics might be key to get frequencies according to

the experimental observations

Modespec DIIID#184971
100 — ‘ ,
7 1.44 @ #184971 with C L 05
c @
: : R ]
| _ | 16 B 1.2 ® y
70 el (& o B ar B &) - ° 0.
f;‘? | 5 g 3 "3 - \ i 4; 5 E 1 ﬂ
m ? LI % . ™
e o < 0.8 ® o 03X
e t {4 E 5 E
40 = © 0.6 -
% - 0.2
® v 3 5
_ iy g . = 0.4 1
gt :.'ﬁ*{{ ."' . 'fll"”"" -.-'-.'vn.. . g o .5""‘-,-;.."'; ﬁ#n-; Mg 3 e } M_i . .
. 2 ® i 0.1
10 e e e e - = . e S -} . ' 02 - . .
_ I I F"5 g 1
) 3.0 A0 3.7 0.0 : - - - 1 : - - — 0.0
| 0 2 4 5] 8 10 12 14 16 18
t(s) n

- Mode frequency exceeds frequencies observed experimentally

- We believe nonlinear physics will broaden mode structure

—Mode scale length In nonlinear simulations could be ~ to ion length scales and,
presumably, frequency would be given mostly by ExB
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Outline

« WPQH-mode discharge 184971
« Simulation set up with full-extended MHD NIMROD

- Simulation results
—Linear MHD simulations
—Nonlinear axisymmetric simulations
—Nonlinear simulations with fluctuation-driven transport

« Conclusions & Outlook
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What are the possible transport mechanisms in NIMROD simulations?

* There can be different fransport mechanisms

— Convective n = 0 fransport
— Diftfusive n = 0 transport

— Fluctuation-driven transport (i.e., due to MHD instabilities, turbulence, etfc.}

* With n = 0 only runs, we can neglect the fluctuation-driven transport

* Here we present n = 0 only runs aimed to understand the role of the
convective/diffusive fransport

Dill-D
AL FUSION FACILITY

3 3 NATION.

}f. y. ‘ .,
RATORY SN




Relaxation sources help to constrain profiles in WPQH

3.5
== |nitial value - 2.0
3.0 - = (0.2 MS
— 2.5 1 — = (),
22| o o
2.0 - — = 0. =
E‘é 15 D — 025 m23_1 = t=0.8ms ~1.D§
_— =
¢ .| v,=20kHz
.| v, =50 kHz 03 . .
- Relaxation sources:
0.0 0.0 5
0.000 - 150 S(f) = —Tm(X)Vf[< f >0 —f(t = O)]
_ L 1.25
¥ -0.002
TE (100 S
2 -0.004 - ﬂ.ﬁi
2 0.50
—0.006 -
0.25
-D.DDE I I L L L I L I I U.DD
0.80 0.85 0.90 0.95 1.00 1.05 0.80 0.85 0.90 0.95 1.00 1.05

- OMP profiles are consirained by relaxation sources, which might be crucial for

future comparison against the experiments

— We want to avoid overdriving our MHD equations, which can lead to a computationally
challenging simulation
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Outline

« WPQH-mode discharge 184971
« Simulation set up with full-extended MHD NIMROD

» Simulation results
—Linear MHD simulations
—Nonlinear axisymmetric simulations
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Fluctuation-driven transport is notable in nonlinear

simulation of WPQH
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* Tiincrease further in the nonlinear simulation

* Rest of variables flatten more in the presence of n # 0 fluctuations
— Most notable is Te flattening, which we do no’r see in ’rhe axisymmetric simulation
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Ouvur nonlinear simulation shows low and intermediate-n

- The mode energy shows a mixture as
observed in BOUT++l! o

E magnetic

[1] Z. Li et al., Nat. Commun. 16, 11526 (2025)
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Ouvur nonlinear simulation shows low and intermediate-n

* The mode energy shows a mixture as LQW "
observed in BOUT++(1] /.Q
- Intermediate-n
—Low-n modes peaking af the energy PN
spectrum / PR
—Intermediate n ~ 20 together with low-n % 3
—We are confinuing the simulation to have it

more time window to resolve ~ 10 kHz in

spectrograms that will help with the mode
identification

[1] Z. Li et al., Nat. Commun. 16, 11526 (2025)
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Perturbation rotation in the poloidal plane is

qualitatively consistent with ECEI

G. Yu et al., PPCF 64, 095014 (2022) dT, of simulation result

0T ¢ ad/Teraa 2D image with ECEI
DIII-D#184971_3323ms_25-70 kHz
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 Perturbation rotates downwards (ion diamagnetic drift) as ECEl observes with similar
wavelength
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« WPQH-mode discharge 184971
« Simulation set up with full-extended MHD NIMROD

» Simulation results
—Linear MHD simulations
—Nonlinear axisymmetric simulations
— Nonlinear simulations with fluctuation-driven transport
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Conclusions

- WPQH edge mode stability weakly impacted by collisionality change with
conversion of C->W

- WPQH + metal wall still accessible by MHD modes if same profiles are achievable

- Nonlinear extended-MHD simulation has shown rich dynamics

— The mode energy Is a mixture of low and intermediate-n
— T, perturbation rotates downwards and with similar wavelength as observed in ECEI
— Fluctuation-driven transport has a strong effect on profile flattening




Outlook

- Address impurity species effects in the nonlinear stability

— Wil collisional effects matter in nonlinear extended-MHD?@

— Also, iImpact of radiation terms on profilese Can they influence the WPQH-regimee
* We will keep working on our existing nonlinear case and validating it against BES/ECEI

- We are currently performing nonlinear extended-MHD simulations of a std. QH-mode

—How will this simulation compare against our present WPQH-mode simulatione

— Also, for this case we have BES measurements available, suitable for simulation validation
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Our center of mass (COM) formulation keeps ExB shear consistent

with experimental equilibrium reconstruction

* The radial electric field we use in
the simulations is consistent with
the experiment

— Qur COM speed formulation uses
the experimental ExB shear + mass-
weighted averaged diamagnetic
rotation

* Role of ExB shear is crucial for
QH-mode plasmasl!! 2l

[1] A. Garofalo et al., Nucl. Fusion 81, 083018 (2011)
[2] J.R. King et al., Phys. Plasmas 24, 055902 (2017




How is Center-of-mass described in NIMROD?

- Rotation profile for carbon (deuterium) is (not) available from experiments

- We assume the simulation starts from a steady state, where the flow is
incompressible. Neglecting viscosity, then center-of-mass speed is

'l_l)d — Kpﬁ + (‘Q'EXB — .Q.gp)R$,
ﬁ)c — KpB + (QEXB — ﬂ%p)R¢

1

Ucom ~ P (pqua + pcuc) = KB + (Qpxg — Qyp )R,

1
'Q'Vp — ; (pdﬂgp T pc'Q'%p)
P =~ PcTt Pd

* K, and Qg,p are taken from CER measurements
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NIMROD solves main ion and impurity species continuity

equations to be consistent with kinetic EFIT
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* NIMROD calculates the ion species density advection using the COM speed
* Time evolution of hot particle distribution moments is not considered

 Eleciron density is deduced from quasinevutrality
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Mode frequency is closely connected to mode activity in

resonant surfaces
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* Jumps could be due to where modes resonances are located

* The trend is roughly captured, like jump betweenn=6and 8 (w/ C)and n=10-12

o -0 To evaluate perturbed poloidal flux, we use the technique
(w/o C), buttfailsn=8-10w/o C developed in E.C. Howell et al., Phys. Plasmas 29, 022507 (2022)
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T. perturbation is qualitatively consistent with ECEI

G. Yu et al., PPCF 64, 095014 (2022)
184971, ECEIl spectrogram at psiN~0.97

frequency(kHz)
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T. perturbation is qualitatively consistent with

G. Yu et al., PPCF 64, 095014 (2022)
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T. perturbation is qualitatively consistent with

G. Yu et al., PPCF 64, 095014 (2022)
184971, ECEIl spectrogram at psiN~0.97
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