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Wendelstein

Boundary conditions for transport modelling N

- Predictions for next-step devices are based on core-transport (NC, turbulence etc) and cannot handle edge.
- Turbulence codes predict VT/T ---> T, depends very strongly on Teyqe. €.9. for Squid-T (6. piunk et ar-

--> Core performance strongly depends on BC, e.g. T(p=0.7)
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Boundary conditions for transport modelling ra

Wendelstein

- Predictions for next-step devices are based on core-transport (NC, turbulence etc) and cannot handle edge.
- Turbulence codes predict VT/T ---> T, depends very strongly on Teyqe. €.9. for Squid-T (6. piunk et ar-

 Instead of fixing Temperature at the boundary, we fix

alLy; = —dInT/dp.

 Why? Gyro-Bohm scaling of stellarator
experiments (ISS04) implies self-similarity of

plasma profiles.

« Ogg = nTicSpSZ/az, Q *Qgp * Area = P,

* Power balance at the edge/core boundary gives
Temperature scaling: T ~ (P,,,/n,)*>B%

« With this boundary condition we can obtain profiles
for different scenarios, densities, types of heating

etc.

--> Core performance strongly depends on BC, e.g. T(p=0.7)

TE1SS04 = 0.134 Cl2'28R0'64I’l£'5210'4130'84P_0‘61

Jren = TE/Tiss04
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Fig.: Sensitivity of predicted performance to
edge/core boundary conditions (SQuID-7).
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Wendelstein

Separatrix temperature AN

- Assume T ~ (P,./n,)*?, but what value?

Core Transition
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Separatrix temperature

Wendelstein

- Assume T ~ (P.,/n,)*>, but what value? --> Use W7-X and scale.

Core Transition

Boundary
Condition
Separatrix

Transport\code

.. 1Assumed
“~~._ 1 Gyro-Bohm
W7-X

0.6 0.7 0.8 0.9 1.0
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Separatrix temperature

Wendelstein

- Assume T ~ (P.,/n,)*>, but what value? --> Use W7-X and scale.

- What determines T(p=0.7)?

Core Transition SOL

.. Boundary
Condition

- Separatrix -
Target

Transport\code

1Assumed
“~~._ 1 Gyro-Bohm

~

0.6 0.7 0.8 0.9 1.0 SOL ~L,
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Wendelstein

Separatrix temperature o~

- Assume T ~ (P.,/n,)*>, but what value? --> Use W7-X and scale.

- What determines 7(p=0.7)? 1) Teep determined by SOL physics, e.g. 2-point model:

Tsep - Ttarg 7 o / 2K 2/7

Core | Transition | SOL | I L
: No |B| scaling! Perpendicular transport

Maybe |B| effects??

_ Boundary

Condition
- Separatrix
- Target

Might be very different in next step-machines.

Transport\code : Scaling |B| not expected!

S T Assumed
1 Gyro-Bohm
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Wendelstein

Separatrix temperature o~

- Assume T ~ (P,./n,)*”, but what value? --> Use W7-X and scale.

- What determines 7(p=0.7)? 1) Teep determined by SOL physics, e.g. 2-point model:

Tsep - Ttarg 7 o / 2K 2/7

Core | Transition | SOL | I L
: No |B| scaling! Perpendicular transport

Maybe |B| effects??

_ Boundary

Condition
- Separatrix
- Target

Might be very different in next step-machines.

Transport\code : Scaling |B| not expected!

Even if dominant AT in transition region , T, still critical.

AN T Assumed
1 Gyro-Bohm

I I I I |'V
0.6 0.7 0.8 0.9 1.0 SOL ~L,

Y
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Wendelstein

Transition region o~

- Assume T ~ (P,./n,)*”, but what value? --> Use W7-X and scale.
- What determines T(p=0.7)?

2) Even if Ty, scaling were known, can we assume
Core Transition SOL T(p=0.7) - Tsep ~ Gyro-bohm?

Transition region:
- Assumptions break-down.
- Gyrokinetics ...
- Neoclassics ...
- Strong radiation
- Strong neutral effects (depends on divertor)

_ Boundary
Condition

- Separatrix -
.. Target ...

Transport\code

S ?Assumed
~~._ 1 Gyro-Bohm

In W7-X: Region is relatively moderately diagnosed
and very rarely analysed.
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GENE-Tango simulations ﬁ

- GENE-Tango used to simulate out to p = 0.8. Also strongly affected by edge and transition region assumptions:
[D. Fernando et al. https://doi.org/10.1063/5.0267879]
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GENE-Tango simulations

Wendelstein

- GENE-Tango used to simulate out to p = 0.8. Also strongly affected by edge and transition region assumptions:

[D. Fernando et al. https://doi.org/10.1063/5.0267879]
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GENE-Tango simulations

Wendelstein

- GENE-Tango used to simulate out to p = 0.8. Also strongly affected by edge and transition region assumptions:

[D. Fernando et al. https://doi.org/10.1063/5.0267879]
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Scaling in W7-X

Wendelstein

- Look at Juice DB to see what scaling within W7-X shows |p_kyiia):

* P/nterm from GB scaling:
0.4,,—0.4
I ~ P *n

« Low-field (B<2.0T) points have lower
measured edge Te than expected from GB
term

* Low-field points have higher P/n values in
relative terms

Te (Thomson Edge) [keV]

Scatter Plot: Zeff>3
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Scaling in W7-X

Wendelstein

- Look at Juice DB to see what scaling within W7-X shows |p_kyiia):

P/n term from GB scaling:
0.4,,—0.4 R0O.8
I'~ P *n "B

« Low-field (B<2.0T) points have lower
measured edge Te than expected from GB
term

* Low-field points have higher P/n values in
relative terms

* Including B term from GB scaling:

« Higher P/n of low-field points is compensated
by low B, resulting in similar edge T,

 Few low-power, low-field phases have higher
edge T,

Te (Thomson Edge) [keV]

Scatter Plot: Zeff>2
[ ) °

1.4 4

1.2 4

1.0 A

0.8 1

0.6 A

B > 2.0T, Edge Te<2keV = ¢, ‘wec®

B <2.0T ° o *
High Wdia - o
Zeff>2 . ¢

L 05 L0 15 20

2.5 3.0 3.5
Top BO'B(Ptot/ne)Z/s

4.0

12

10

Ptot [MW]

MAX-PLANCK-INSTITUT FUR PLASMAPHYSIK | Oliver Ford | ? January 2026

High Performance Scenarios - TG Core Transport

719

[20]



Diagnostics in transition region

Wendelstein

Profile diagnostic coverage in transition region is moderate (n,, T,, T)):
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Diagnostics in transition region

Wendelstein

Profile diagnostic coverage in transition region is moderate (n,, T,, T)):
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- P4 Often important to power

balance. Bolometer inversions

now relatively routinely provided.
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Diagnostics in transition region

Wendelstein

- Profile diagnostic coverage in transition region is moderate (n,, T,, T)):

sl o 3 (]
° Se (]
25F -
2 -
3l Prad
1.5F: | (different =] U.
Al shot)
o i 7
1 0.5 T
0[-(Some-arbitrary shot) : : . ® : 0 [ ; . . ; : s ; 7
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
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would be helpful.

- P4 Often important to power

balance. Bolometer inversions
= now relatively routinely provided.
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Wendelstein

Neutral recycling source P

- Neutral recycling is dominant source at edge, even with NBI:

Particle sources, #20181009.034 t=1.2s
[Bannmann, 10.1088/1741-4326/ad6b37]
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Wendelstein

Neutral recycling source P

- Neutral recycling is dominant source at edge, even with NBI:

Particle sources, #20181009.034 t=1.2s

[Bannmann,10.1088/1741-4326/ad§b37] 101 Fs [1019m—23—1] i Slmple 1D models Wlth
Experimental flux N 1 .
(= recycling source) O~(10") uncertainties.
10Y
10!
102 ;
ngp : Fgeo
[Thienpondt, i
1 0_3 10.11 03/PhysRevResearch.5.§L022053]
0.0 0.5 1.0

r/a

Bulk plasma
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Wendelstein

Neutral recycling source I

- Neutral recycling is dominant source at edge, even with NBI:

Particle sources, #20181009.034 t=1.2s

19, —2.—1 ] ]
[Bannmann, 10.1088/1741-4326/ad6b37] 101 [s [107m 5 ] _ Slmple 1D models with
Experimental flux : 1 . g
(= recycling source) - O"'(10 ) uncertainties.
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- Warm H® spectroscopy (n, inside separatrix).
Some local measurements. 107 3 ' ' . '
No routine analysis. oo e | T
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Wendelstein

Summary i

- Performance of core entirely dependent on separatrix and transition region parameter.
- Scaling not clear from W7-X data.
- We have moderate diagnostic coverage, not optimised for this. Recycling source measurements are poor.

- Very little focus of analysis on core/edge physics (that's not the same as "core-edge scenario integration”).
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