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ITG supression in OP2

Wendelstein

Measured heat fluxes from power balance M- Vapp! RSI 2024, PPCF 2025]

- Dramatic drop of heat transport (diffusivity)

Heat transport in for OP1.2b - OP2.3 M- Wappl PPCF 2023]
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ITG supression in OP2

Wendelstein

Measured heat fluxes from power balance M- Vapp! RSI 2024, PPCF 2025]

- Dramatic drop of heat transport (diffusivity) for ~ a/Lp, > 1 (somewhere in 1.0 < a/L,, < 1.5 depending on location/fitting)

- Not yet certain how sharp this transition is and what it depends on.

Heat transport in for OP1.2b - OP2.3 M- Wappl PPCF 2023]
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Peaked density scenarios

Wendelstein
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Peaked density scenarios
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Peaked density scenarios
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Wendelstein

Peaked density scenarios AN
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Wendelstein

Scenario 4: NBI =

Ford N W7X 20230214.047
Generate strong density gradients with NB| [Ford NF 20241  [EGRE B T
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Wendelstein

Scenario 4: NBI =

W7X 20230214.047
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Scenario 4: NBI

Wendelstein

Generate strong density gradients with NBJ [Ford NF 20241,

e Change in the particle transport.
e Build up of density gradient = reduced y;.
e Gradient region at smaller radius.
e reproducible, controllable with known sources
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Wendelstein

Scenario 4: NBI - particle transport s

Particle transport easier to study in NBI , [Bannmann NF 2024]
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Scenario 4: NBI - particle transport

Wendelstein

Particle transport easier to study in NBI
[Ford NF 2024; Bannmann NF 2024]

e Sudden drop of particle diffusion past
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Wendelstein

Scenario 4: NBI - particle transport s

Particle transport easier to study in NBI — : [Bannmann NF 2024]
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Scenario 4: NBl + ECRH reintroduction - ‘pump-out’

Wendelstein

Heating with reduced y; to raise plasma temperature.
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Scenario 4: NBl + ECRH reintroduction -

‘bump-out’

Wendelstein
7-X

Heating with reduced y; to raise plasma temperature.

Similar to post-pellets, but with particle source.
Density evolution depends on ECRH power.
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Wendelstein
7-X

Scenario 4: NBl + ECRH reintroduction - ‘pump-out’

. . . 4 :—20241009.029 | —20250227.0821 ' ' ' ' [ U v oot '_;
Heating with reduced y; to raise plasma temperature. T 3E = 3
2 2F E
e Similar to post-pellets, but with particle source. ~ 1F ECRH . o
—_ 0 - | | | =
e Density evolution depends on ECRH power. L 12f ik
s 10F -
(=) r 3
= S :
s 6F P T B B R B =
~ S L e e L L
#20241205.075, p=0.48 — 2.5F 2.1
o = 1 S 20 E
back-transition & TUE E
3.5 1 S 1.5 = o~ E
30 - YVE e s e b by Ly
A 2 3 4 5 6 7 8
2.5 7 3 time [s]
% 2.0 E
L5 | 2* m—> low VT —>| peaking, low x —>[transition]
1.0 +ECRH . ( back-transition HVne - decay !
] [ add ECRH ]4—[strong Vne]
0.0 4~ : :
0 1 2 3 4 " ( cut-off / rad. collapse H n, - rise J/

MAX-PLANCK-INSTITUT FUR PLASMAPHYSIK | Oliver Ford | 1st December 2025 High Performance Scenarios - W7-X Program Workshop 7124 g



Scenario 4: NBl + ECRH reintroduction - ‘pump-out’

Wendelstein
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0.0 0

0 1 2 3 4 ( cut-off / rad. collapse H n, - rise J/
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Wendelstein

Scenario 4: NBl + ECRH reintroduction - ‘pump-out’ A

Heating with reduced y; to raise plasma temperature.

e Similar to post-pellets, but with particle source.
e Density evolution depends on ECRH power.
e Compensate particle source

= balance for steady state

e Balance strongly configuration dependent

“—> low VT —>| peaking, low ¥ —>[transition]
( back-transition HVne - decay
\

(stable high-T, ]« palanced [ add ECRH  J«—{strong Vn,|

( cut-off / rad. collapse H n, - rise J/
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Scenario 4: NBl + ECRH reintroduction - ‘pump-out’ A

Wendelstein

Heating with reduced y; to raise plasma temperature.

e Similar to post-pellets, but with particle source.
e Density evolution depends on ECRH power.

e Compensate particle source
= balance for steady state

e Balance strongly configuration dependent
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Scenario 4: NBl + ECRH reintroduction - ‘pump-out’

Wendelstein

Heating with reduced y; to raise plasma temperature.

e Similar to post-pellets, but with particle source.
e Density evolution depends on ECRH power.

e Compensate particle source
= balance for steady state

e Balance strongly configuration dependent

e Many significant contributions:

e Beam deposition change.

e Recycling flux change.

e Neoclassical flux.

e Turbulence flux.

e Other anomalous effects??

= Need systematic scans with good data.
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Scenario 4: NBl + ECRH reintroduction - FMMO002

Wendelstein

The balance depends on configuration

® Best in high(er)-iota: FTM/FMMO002

® FMMO002 has higher volume, but T;
flattened due to internal island [-opez “ansino]

Confinement improvement with supressed island

3.0
lc = 0 (20241204.063) --------
2.5 :
[CICERS, R: Lopez Cansino]
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s RN AN
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Wendelstein

Scenario 4: NBl + ECRH reintroduction - FMM002 AN

The balance depends on configuration

e Best in high(er)-iota: FTM/FMMO002

® FMMO002 has higher volume, but T;
flattened due to internal island [-opez “ansino]

® |sland Supressed with control A Confinement improvement with supressed island
i \ loc = 0 (20241204.063) --------
col lS lec = -2.5 KA (20241204.072)

--> Larger radius of gradients. 2.5
--> Higher core T, g N
2.0 S \

[CICERS, R: Lopez Cansino]

+ higher stored energy
1.5 \

n, [102° m3], T, [keV]

T TN
0.5 = < \“\\
== IN
N,
\\ \
_.0_
0 0.1 0.2 0.3 0.4 0.5 0.6
reff[m]
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Scenario 4: NBl + ECRH reintroduction - duration

Wendelstein

The FMMOO02 gives record n T 1z equivalent to Tokamak H-modes of same size+field for 1.9 seconds.

[Bannmann submitted PRL 2025].

nioTioe [x10*°m3keVs ]

W7-X vs. Tokamak H mode performance
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Scenario 4: NBl + ECRH reintroduction - duration

Wendelstein

The FMMOO02 gives record n T 1z equivalent to Tokamak H-modes of same size+field for 1.9 seconds.

[Bannmann submitted PRL 2025].

® Hybrid scenario with short pellet chain
to create initial density gradient
--> Slightly longer (more time for HP)
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Scenario 4: NBl + ECRH reintroduction - duration

Wendelstein

The FMMOO02 gives record n T 1z equivalent to Tokamak H-modes of same size+field for 1.9 seconds.

[Bannmann submitted PRL 2025].

® Hybrid scenario with short pellet chain

to create initial density gradient

--> Slightly longer (more time for HP)

® Fast crashes --> MHD?
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Scenario 4: NBl + ECRH reintroduction - duration

Wendelstein

=

The FMMOO02 gives record n T 1z equivalent to Tokamak H-modes of same size+field for 1.9 seconds.

[Bannmann submitted PRL 2025].

® Hybrid scenario with short pellet chain

to create initial density gradient

--> Slightly longer (more time for HP)

® Fast crashes --> MHD?
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Density profile control

Wendelstein

=

Maintaining density gradients is now too difficult.
ECRH pump-out effect depends on:

e |nitial conditions (n,, a/L,, a/LT,, a/LT, Z. .... )

® Pellet size variation + NBI breakdowns (20ms)
change initial conditions.

® Core radiated power changes (see next talk)
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Density profile control

Wendelstein

Maintaining density gradients is now too difficult.
ECRH pump-out effect depends on:

e |nitial conditions (n,, a/L,, a/LT,, a/LT, Z. .... )

® Pellet size variation + NBI breakdowns (20ms)
change initial conditions.

® Core radiated power changes (see next talk)

Tested feedback of ECRH vs density - 1,

e | n,dl is probably not enough information
--> RTTS or multichannel interferometer
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Density profile control

Wendelstein

Maintaining density gradients is now too difficult.
ECRH pump-out effect depends on:

e |nitial conditions (n,, a/L,, a/LT,, a/LT, Z. .... )
® Pellet size variation + NBI breakdowns (20ms)

change initial conditions.

® Core radiated power changes (see next talk)

Tested feedback of ECRH vs density - 1,

e | n,dl is probably not enough information
--> RTTS or multichannel interferometer

® Requires live feed of Pecpy to controller of
radiation power fraction !V "erse°l,
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Density profile control

Wendelstein

Maintaining density gradients is now too difficult.
ECRH pump-out effect depends on:

e |nitial conditions (n,, a/L,, a/LT,, a/LT, Z. .... )
® Pellet size variation + NBI breakdowns (20ms)

change initial conditions.

® Core radiated power changes (see next talk)

Tested feedback of ECRH vs density - 1,

e | n,dl is probably not enough information
--> RTTS or multichannel interferometer

® Requires live feed of Pecpy to controller of
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Wendelstein

Open questions and work to do... N

Scenario development:
® Feedback controller to stabilise central density
® Pump-out effect changes with initial conditions.
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Wendelstein

Open questions and work to do... N

Scenario development:
® Feedback controller to stabilise central density

® Pump-out effect changes with initial conditions.

Science / understanding:
e ECRH pump-out
* Role of E, in peaking and pump-out. (Initial results show no obvious change [&- Stefanoskaly
e Limit of a/L; at a given a/L,,, limit of both together.
e a/lLy > ~1.5limit? other dependencies?
e Configuration dependence of above

|B| dependence of above
= Record data in every possible corner of operation space for transport code matching.
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Wendelstein
u [ 7-X
a/LTi and a/LTe In post-pellets shots F
Due to the high collisionality this is basically the same.
8 8
#20241121.030 #20241121.030
5 . ERRE > 7
L 6 - 6
’ 5 5
43 . 43
3 3
2 1- “ = emc 2
o | | | | 1 0k | ' ' , 1
0 1 2 3 4 5 0 1 2 3 4
a/Ln 0
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Wendelstein

High Performance =

What does 'performance’ usually mean?:

lon temperature T;
Stored Energy Wy, ~n. To+n; T;
Normalised pressure B~W,,/B?
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Wendelstein

High Performance =

What does 'performance’ usually mean?:

lon temperature T;
Stored Energy Wy, ~n. To+n; T;
Normalised pressure B~W,,/B?

lon temperature clamping
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Wendelstein

High Performance =

What does 'performance’ usually mean?:

lon temperature T;
Stored Energy Wy, ~n. To+n; T;
Normalised pressure B~W,,/B?

lon temperature clamping
4 T T T I T T T J’ T T T I T T T I T T T
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Wendelstein

High Performance =

TEISSO4 ~ g228R0.64 p-0.61 52-54 pB0.84,0.41

What does 'performance’ usually mean?: [Yamada, NF 2005]
lon temperature T; Confinement time =~ W,,/P
Stored Energy Wy, ~n, To+n; T, Relative confinement time £, ~ 1= / Tz>°%
Normalised pressure B~W,,/B? Triple product nTTig

lon temperature clamping Confinement scaling
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Wendelstein

Reminder: T; clamping .

T; clamping in W7-X results from 3 ingredients [Peurskens NF 20211

1) Electron heating with limited collisional coupling
2) Limited power per particle
3) Strong ITG heat transport

lon temperature clamping
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Reminder: T; clamping

Wendelstein

=

T; clamping in W7-X results from 3 ingredients [Peurskens NF 20211

1) Electron heating with limited collisional coupling

2) Limited power per particle
3) Strong ITG heat transport

lon temperature clamping
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Reminder: ITG supression

Wendelstein

"High-performance" is achieved in W7-X with density gradients:

- Strong density gradient supresses ITG
[Xanthopoulos PRL 2020, Carralero NF 2021 ... ]

- Combined with weak TEMs in W7-X
[Proll., PRL 2012, Alcuson PPCF 2020]

lon temperature clamping
4 T T T I T T T J’ T T T I T T T I T T T
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Reminder: ITG supression

Wendelstein

"High-performance" is achieved in W7-X with density gradients:

- Strong density gradient supresses ITG
[Xanthopoulos PRL 2020, Carralero NF 2021 ... ]

- Combined with weak TEMs in W7-X
[Proll., PRL 2012, Alcuson PPCF 2020]
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lon temperature clamping
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Wendelstein

Reminder: ITG supression i

"High-performance" is achieved in W7-X with density gradients:

- Strong density gradient supresses ITG
[Xanthopoulos PRL 2020, Carralero NF 2021 ... ]

- Combined with weak TEMs in W7-X

[Proll., PRL 2012, Alcuson PPCF 2020]

lon temperature clamping
/N =LA LAY L B L Linear growth rates

baseline |
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[Alcuson PPCF 2020] Energy flux [Thienpondt NF 2025]
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Scenario 1: Post-pellets

Wendelstein

Fast series of pellets to raise core density then increase
ECRH power to raise T/ [Baldzuhn PPCF 2020].

Strong density gradient around mid-radius.

Turbulence supressed --> breaks T; clamping.

Used to show NC optimisation [5eidier Nature 2021]

Density gradient collapses quickly and T; clamping

returns.

pellet series =

vn,

reduced X

— ()

n, [101° m—3]
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Scenario 1: Post-pellets

Wendelstein

Fast series of pellets to raise core density then increase
ECRH power to raise T/ [Baldzuhn PPCF 2020].

Strong density gradient around mid-radius.

Turbulence supressed --> breaks T; clamping.

Used to show NC optimisation [5eidier Nature 2021]

Density gradient collapses quickly and T; clamping

returns.

pellet series =

vn,

reduced X

— ()

W7X 20241121.043

T T T T T T

P [MW]

1 | 1 1 1

T T T T T T T T

1 1 1
pellets peaking F
1 1 1 1 1 1 1 1 1 1 1 3

T,, T; [keV] n,[10Y m—3]

1
=
®)

time [s]

W7X 20241121.043

— TE

— T
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rla
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Wendelstein

Post-pellets: decay duration I

Density gradient decays in time. g [
z F
[« - -
e More power = shorter high gradient phase. 16 ' ' ' ' T
S1af .
S 12f E
= 10F .

—> Vn, |——>|reduced x |——>| highT,
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Post-pellets: decay duration

Wendelstein

Density gradient decays in time.

More power = shorter high gradient phase.

Power controls the temperature profile.

pellet series g IRAV/1H

reduced X

— ()

P [MW]

neo / <ne>

el
W o N KR O N R O
T

T; [keV]

N

m— 20241121.030 = 20241121.038 ' |
m— 20241121.034 == 20241121.043

[y
LI}

time [s]
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Post-pellets: decay duration

Wendelstein

Density gradient decays in time.

More power = shorter high gradient phase.

Power controls the temperature profile.
a/L+ > a/lL, = density decay

Energy transport degrades ata/L, < ~1.5

B —>| Vn. |——>|reduced X }|—>

high T,

[x degradation]<—[ low a/L, J<—[a/Ln decay]«—'a/LT > a/Ln|

\

y

P [MW]

— 20241121.030 ' ' !

neo / <ne>
Pl pd e

W O N KR OO N R O
T II

T; [keV]
N
|

[S. Bozhenkov submitted. PPCF 2025]

Shot trajectory in the
gradient plane

0 1 2
alLy,

3 4
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Wendelstein

Scenario 2: Steady-state pellet injection N

W7X 20250327.046
Density gradient is quasi-continuous for 6 [— ECRH NBI ' po.~de TS
the right combination of pellets and power § 4F 3
: : : ~ 2F 3
e Small cycle in gradient space with a/L+ > a/L,,. ~ N:
'g 5F -
2 10F 3
(=] = 3
= 5F E
< oE :
T T T T 79 ;4: E
L ITG 1 g 3F -
: - = 2F 3
o C i <1 ro.4 N 3 E
4t LR o 3 1 :
[ 0
3 - <0703 % time [s]
< £
22 1) toz &L
S ]
1r 1 1o
O}ix‘-.”...;....i....i....i'.:
-0.0
0 1 2 3 4

alL,,
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Wendelstein
] u ] ] 7-X
Scenario 2: Steady-state pellet injection A
W7X 20250522.047
Density gradient is quasi-continuous for 8 [ ECRA NBL By T TS
the right combination of pellets and power ; Z 3 - E
e Small cycle in gradient space with a/L; > a/L,. ~ 3 3 e ;
e Extended to 40s, but approaches too close to ‘Z 20 f— me0 ey e,
boundary --> intermittent return to high ;. 2 E
S E
E 'i
T 70 > —
Al hoa i ;
- i :
<1 103
]
o i &
O;i....i....i. i il
-0.0
0 1 2 3 4
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Wendelstein

Scenario 2: Steady-state pellet injection N

W7X 20250522.047
Density gradient is quasi-continuous for 8[ECRH —NBI —— Py | p Leg TS
. . . ey o tot ~ 9. .
the right combination of pellets and power ; Z E
e Small cycle in gradient space with a/L; > a/L,. ~ 3 E
e Extended to 40s, but approaches too close to ‘Z 3
boundary --> intermittent return to high ¥;. o 3
S 3
, ,20250522.047: PCl, f=20-1000 kHz = :
= F
— 1.6 = x
>
S 1.4
< 12- o . . .
3 e Reduction of ion scale fluctuations with density
= 109 .. gradient confirms turbulence supression.
ogl - 1525s oY [von Stechow EPS2025 4P246]
. 32-36s
0.6 . 1

1.0 1.5 2.0 2.5 3.0 3.5
peaking
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Scenario 1: Post-pellets - low-power limit

W7X 20241015.054
T T T T T T

At low power, post-pellet phase can be held
for ~seconds.

—— ECRH — P,y

P [MW]

e 4a/LT stays at or below a/Ln

7
o reduced y;and T; above clamping. 4
(=]
. , =
e Low power limits Ti and ne 3
= good 1 but poorn T 1. =
I~
=
W7X20241015.054 =~
13t A J124
; 1 {60 10 E
3 — ; 04
< F 50 = 0.0
g, P ime [s]
~ ~ ] time [s
= 0 L ] {41 £
1:‘ * .. — - —> Vn, |——>|reduced x ——>| high T;
0 -_]. L1 | v by by oy |_- 2.1 \ 4
0 1 2 3 4 long duration |[«—a/L; < a/L,
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Scenario 3: No-pellets - low-power limit

This works with other ways to give the initial
density rise, and sometimes spontaneously.

Peaked densities with low ECRH

[Zhang PPCF 2023; Ford NF 2024; Langenberg PoP 2024]

Requires low edge n, and a "kick"

Maintained for long periods: > 15s

Particle transport study
requires recycling source
or perturbation.

P [MW]

Ter Tl [keV] Ne [1019 m—3]

Wiia IM]]
S o oo

O N R O R WU NON R OO RNWER
TTT[TTT[TTT[TT TTT]TTT]TTT TTT[TTT]TTT]T TITTTTTITTTTITITTT

W7X 20250513.032

L]

peak ~---- post decay .

rla rla

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6

0.8

1.0
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Scenario 3: No-pellets - low-power limit

This works with other ways to give the initial
density rise, and sometimes spontaneously.

Peaked densities with low ECRH

[Zhang PPCF 2023; Ford NF 2024; Langenberg PoP 2024]

Requires low edge n, and a "kick"

Maintained for long periods: > 15s

Particle transport study e
requires recycling source : :
or perturbation. af
Raise of ECRH power .
collapses gradient. :
Jaf
S I
1r
0 1 2

alL,,

1 [ T 14

-12

-10

W7X 20250513.032

P [MW]

T
- neo

Ter Tl [keV] Ne [1019 m—3]

S DN = .c'\ = W U1l N\ O N B OO =N W
TTTTTTTTT T TTT TTT]TTT TITT T[T T

Wiia IM]]
S o oo

t [s]

peak ~---- post decay .

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6
rla rla

0.8
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Wendelstein

Scenario 4: NBl + ECRH reintroduction - seeding N

Unable to extend/repeat: . 61— noseeding ' "' popy
. . A | ' E
e High W, was risk for quench detect - OK for OP2.4 n 2f T, | N — _
. J— 0 PO SN T TN T A T T T TN AN MY T N
e Divertor heat loads (TM3h, TM7h) T 14 s
g i stable 7, 1
g 1] :
/§ 6 I L1 | | L | —]
~ 4F LT LU
> f e 3
g 3 B oty ]
= 2 ._ 15",."’5 A =
1:....|.:/.:.|.... T
3 4 5 10 11

time [s]
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Wendelstein

Scenario 4: NBl + ECRH reintroduction - seeding N

Unable to extend/repeat: _ b= moseeding ' " T gy ' ladiation 0 |
< 4 |~ Neseeding e !
= E
e High W, was risk for quench detect - OK for OP2.4 A 2 R e E
. f— 0 -I-T-I--I-1=:-'=I==I’T-r-l-l 1 L I L L L L I L L L L I L L L L I L L L L I L L '} '}
e Divertor heat loads (TM5h, TM7h) ‘?814_ - B SRR AR
- stable n, .
= N/Ne seeding o [
E o growing 7, i
\:i 6 -_I 1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 _-
g L e
’; F Tj\"’ Attt r'%'"%x"“y‘#(%“m“w” Wy Yoy, /T\,f 1 ]
3 3F = ""v\u‘.J' —
= Bridwddettn .
= O2F ! l',". L e / (N
1 E L, L }j’,l Ll , A L e Ly A, , . L \\, E
3 4 5 6 7 8 9 10 11

time [s]
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Scenario 4: NBl + ECRH reintroduction - seeding

Wendelstein

Unable to extend/repeat:

e High W, was risk for quench detect - OK for OP2.4

e Divertor heat loads (TM5h, TM7h)
= N/Ne seeding

Impurity accumulation (see T. Romba's talk)

e +0.5MW core radiation
less power flux at gradient region.
= Too low pump-out = rising density

(n.) [10Y m—3] P [MW]

T; [keV]
= N W = o

10

——— Ne seeding

1
no seeding

-

LI S

______

stable n,

growing 7,

1 1 I 1 1 I 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
[ I T L] I T I T ,IA"“I!{AJ\I I T T T T I T T T T I T T T T I T T T T .
— A A A G o . =
: Te ) / \’/‘. vr.;'\‘lq'\',v"J)A(Mv}:\:;kw&#‘e‘%wwvm\‘""ﬂm\”’W /"‘;'llly\;l_"f \L :
— v LM
- ) rv —W -
it L -
: ;" : J:’I'J }\m: l\ .
L L L L L lj II L I L L I L L L L I L L L L I L L L L I L L L \I .
3 4 5 7 8 9 10 11
time [s]
20250522.047_19.10s: rad.intensity [W cm”(-3)]
[ ‘ ‘ ‘ ‘ 1 0.53
0.3 50 , 1
0.2 5 o Jo27
N ]
0.1 50 7 ]
110.00

000 025 050 075 1.00

rla

450 500 550 600 650

R (cm)

20250522.047_19.10s: rad.intensity [W cm”(-3)] Thu Jun 5 09:15:09 2025
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Wendelstein

Scenario 4: NBl + ECRH reintroduction - seeding 2

Unable to extend/repeat: _ 6 noseeding ' | popy ' ' ' E
< 4 Ne seeding [ E
5 f e -
: : 2t | ! E
e High W, was risk for quench detect - OK for OP2.4 T o S iR
] S| i sk vt it (PRI SV IR EPPIRIPIN EPUPEPIPEN SRR R -
e Divertor heat loads (TM5h, TM7h) ‘?E af ] [\/I/\'\ AR
. B __| stablen, .
= N/Ne seeding o [ [\ — ]
2% In BE ‘_
g 6 -—. L .h. T R W T [N T T T S A T I M N T TN T T A T ST S S N S B ‘—-
) ) | L L L C T O L L L
Impurity accumulation (see T. Romba's talk) = ol Lo g oo ]
v 3F Ve A
e +0.5MW core radiation f o Bt // " i E
less power flux at gradient region. N S T A T T T TR
= Too low pump-out = rising density 3 4 > 6 7 8 9 0 u
time [s]
,,,,,, t~7.5s 20250521.061_9.200s: rad.intensity [W cm/(-3)]
e Raising power by 0.5MW works, but now S BRERE
pump-out varies also with impurity content. = F - ] or
§ 0ok 1§ 550.30
= feedback control required. 2 oo N
r : 50 1
N L | | | Il0.02
YT 450 500 550 600 650

0.0
0.00 025 050 0.75

R (cm)
rla

20250521.061_9.200s: rad.intensity [W cm(-3)] Fri Jun 6 10:42:51 2025
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Performance summary

Wendelstein

o~
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Performance summary

Wendelstein
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Wendelstein

Performance summary AR

T; [keV]

e baseline
v high-mirror

A4 FMM
1.4 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII — 1.4 _IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 8
A ] > 1.2 F -
1.2 &.J " i 6
o 1.0 -] —
3 lg [ i =
2 1.0 - 08F . 2
9 ‘S : : 4
= = 0.6 - g
[ & - ] Q
0.8 o C ] 2.
. 04 - 2
= - :
0.6 .O 0.2 N ]
_ Lo Y ] 0
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18 20
T, [keV] 7, [10°m—3] 100 [1012m—3]

MAX-PLANCK-INSTITUT FUR PLASMAPHYSIK | Oliver Ford | 1st December 2025 High Performance Scenarios - W7-X Program Workshop 24124 (o709



Performance summary

Wendelstein
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Performance summary

Wendelstein
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Performance summary

Wendelstein

(-

T; [keV]

T, [keV]

Te/ T1sS04

.
o

S
(o

S
o)

L LI LI L LN LI LI LN LN |
>

2 4 6 8 10 12 14 16 18
7, [101°m—3]

14
1.2
1.0
0.8
0.6
0.4
0.2

e+ T; - T [102° m—3.-keV-s]

e baseline ¢ 18T > post-pellet
v high-mirror flat NBI
A FMM <« peaked NBI

LI IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIrIFIII_

2 4 6 8 10 12 14 16 18 20
100 [1012m—3]

=
power [MW]

N

MAX-PLANCK-INSTITUT FUR PLASMAPHYSIK | Oliver Ford | 1st December 2025

High Performance Scenarios - W7-X Program Workshop

24124

[970]



Performance summary

Wendelstein
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Performance summary

Wendelstein
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Performance summary

Wendelstein
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