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Motivation: why core—pedestal coupling?
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[Saarelma PoP2015]
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[ Core profiles can strongly affect the pedestal prediction

O Example: higher By / Shafranov shift can stabilize ballooning
modes and modify the pedestal stability [Saarelma Pop2015]

ﬂ affects the pm

Plasma Core Pedestal
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@) Motivation: why core—pedestal coupling?

0.7 [ Core profiles can strongly affect the pedestal prediction
spuozo [Saarelma PoP2015]

OBy =1.4

o
T

O Example: higher By / Shafranov shift can stabilize ballooning

5 /—//_:;(/ modes and modify the pedestal stability [Saarelma Pop2015]

jedge. max (MAm™)
o
n

[ This creates a complex feedback loop [Snyder Pop2009]:

» core profiles affect pedestal stability, while the pedestal sets
the boundary condition for the core transport

| |
5 6

Omax

Shaping, Collisionality, q ... [S nyd er Po P2009]

Higher Pedestal (Height «—» Width) C ffects th m
/ \ ore arrects the pedesta

Higher Shafranov Shift«——————— Higher Core Pressure (Near-Stiff Transport)
Plasma Core Pedestal

Larger Fusion Power
FIG. 8. Schematic illustrating the complex feedback cycles connecting the Pedestal sets BC for core

pedestal and the plasma core via the Shafranov shift.
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@; Europed: a predictive pedestal code

[Saarelma PPCF2018, Snyder PoP2009]

List of pedestal _ 1 |gped List of pedestal 7
widths w W= 'Bpol profiles I

YN
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@) Europed: a predictive pedestal code

=

List of pedestal _ . [gPred List of pedestal
widths w W= 'Bpol profiles

6

Stability code
(MISHKA, CASTOR,
ELITE, ...)

Stability of each
pedestal
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@; Europed: a predictive pedestal code

[Saarelma PPCF2018, Snyder PoP2009]
List of pedestal _ . [gPred List of pedestal 7 UNSTABLE
widths w W= 'Bpol profiles E

S
Stability code % 4 STABLE
(MISHKA, CASTOR, d” [

ELITE, ...) s \\\

Stability of each 1t
pedestal 3

Prediction:
marginally stable

pedestal

YN
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L uroped: a predictive pedestal code

M Inputs currently needed by Europed:
» Ip, B, plasma shape

> Brs Zegss Zimps b ", n3P /nb®%, T, /T, core peaking, g

O Ultimate target inputs:
» Ip, B;, plasma shape
> Pint FDI l—‘Ne
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@; Europed: a predictive pedestal code
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M Inputs currently needed by Europed:
» Ip, B, plasma shape

> Brs Zegss Zimps b ", n3P /nb®%, T, /T, core peaking, g

d Ultimate target inputs:
» Ip, B;, plasma shape
> Pint FDI l—‘Ne

1 Goals of this project

» Integrate Europed in ETS to allow for core-edge coupling
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Core affects the pedestal
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Q; Europed: a predictive pedestal code

M Inputs currently needed by Europed:
» Ip, B, plasma shape

> Brs Zegss Zimps b ", n3P /nb®%, T, /T, core peaking, g

d Ultimate target inputs:
» Ip, B;, plasma shape
> Pini FDI l—‘Ne

Core affects the pedestal

1 Goals of this project

» Integrate Europed in ETS to allow for core-edge coupling /

> Replace prescribed core-related Europed inputs with Plasma Core Pedestal

ETS-consistent quantities \

Pedestal sets BC for core

\/
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@; Europed: a predictive pedestal code

M Inputs currently needed by Europed:
» Ip, B, plasma shape

> m: Zeffl Zimp; nged: nzep/ngedl Ti/Ter core peakingr do

d Ultimate target inputs:
» Ip, B;, plasma shape
> Pini FDI l—‘Ne

Core affects the pedestal

1 Goals of this project

» Integrate Europed in ETS to allow for core-edge coupling /

> Replace prescribed core-related Europed inputs with Plasma Core Pedestal

ETS-consistent quantities \

» Especially important: 8, through its effect on the
global Shafranov shift Pedestal sets BC for core

[Saarelma PoP2015, Snyder PoP2009]

\/
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@; Europed: a predictive pedestal code

M Inputs currently needed by Europed:
» Ip, B, plasma shape

B, Zore, Zivan, ed, n>°P nped, T;/T,, core peaking,
PR Zesp Zimp, 93 1™ /g i/Te g & o In principle, n2°% could also be replaced by
_ the density model developed by Samuli
[ Ultimate ta rget inputs: [NF2023] and implemented in Europed.

» Ip, B;, plasma shape
> Pini FDI l—‘Ne

Core affects the pedestal

1 Goals of this project

» Integrate Europed in ETS to allow for core-edge coupling /

> Replace prescribed core-related Europed inputs with Plasma Core Pedestal

ETS-consistent quantities \

» Especially important: 8, through its effect on the
global Shafranov shift Pedestal sets BC for core

[Saarelma PoP2015, Snyder PoP2009]

\/
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®) Europed-ETS integration workflow

Key inputs o

[, BT, nged, shape, By

\ 4
Europed a
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Europed-ETS integration workflow

Key inputs o

I, By, n2%%, shape , B

By € {Bi, -+, BN

v v
Europed 0
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L uroped-ETS integration workflow

Key inputs o

I, By, n2%%, shape , B

By € {Bi, -+, BN

ot @ o
Europed Pped (BN) . ETS

With the BC from
. Europed output
»  (+ ETS parameters)

pped(B%\I)
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L uroped-ETS integration workflow

Key inputs o

[, BT, nged, shape, By >
Bn € {Bx, -, BN}

Compare By from ETS Predicted By given by
with Europed input min{|Bx(in) — BN(ETS) |}

A A

Bx BN BL(ETS)| ... | BY(ETS)

turoped @) o
Europed Pped (BN) . ETS

With the BC from
Europed output
> (+ ETS parameters)

pped(B%\I)
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@; Europed—ETS integration workflow

Key inputs o

[, BT, nle)ed, shape, By >

Predicted i b
Compare By from ETS redicted By given by

By € (BL .. BL) with Europed input min{| BL (in) — BL(ETS) |}
N N»--» PN
A A l
B BN BLEETS)| ven | BL(ETS) 4 o
Rerun Europed with
v v predicted By and core
Europed a poeg (B a profile
- GhlEN N y
With the BC from l
Europed output - o
—»  (+ ETS parameters) , ,
Pped (BN) Final predicted
pedestal from Europed
output
\_ J

17 TSVV-H in-person meeting June 2026 | Workflow for integrating Europed in ETS



ﬁ) Europed-ETS integration workflow

=
Key inputs o

[, BT, nged, shape, By >
Bn € {Bx, -, BN}

Compare By from ETS
with Europed input

A A
8L Bl BL (ETS) BN (ETS)
v \ 4
pped(Bll\I) ETS a
e _ ith the BC from
ipus . g - E Oped OUtPUt

ttttttttt

offset, core peaking,

Practical question: how do we pass data from Europed to ETS?

Predicted By given by

min{| B (in) — BL(ETS) |}

/

L

Rerun Europed with

predicted By and core
profile

'

/

\_

pedestal from Europed

J
Final predicted

output

J
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L uroped-ETS integration workflow

] ETS uses the IMAS framework

» Data are exchanged between codes through Interface Data Structures (IDSs)
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ﬁ) Europed-ETS integration workflow

=¥

] ETS uses the IMAS framework

» Data are exchanged between codes through Interface Data Structures (IDSs)

J Europed is not IMASified

> Direct data transfer to ETS is therefore non-trivial
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@; Europed—ETS integration workflow

] ETS uses the IMAS framework

» Data are exchanged between codes through Interface Data Structures (IDSs)

J Europed is not IMASified

> Direct data transfer to ETS is therefore non-trivial

[ Implementation approach:

» Write the IDSs needed to initialize an ETS simulation from Europed output

> Main IDSs:

— equilibrium: from Europed/HELENA critical equilibrium
— core_profiles: from Europed profile output
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E}ﬁ Europed-ETS integration workflow
=
1 ETS uses the IMAS framework

» Data are exchanged between codes through Interface Data Structures (IDSs)

J Europed is not IMASified

> Direct data transfer to ETS is therefore non-trivial

[ Implementation approach:
» Write the IDSs needed to initialize an ETS simulation from Europed output
» Main IDSs:

— equilibrium: from Europed/HELENA critical equilibrium
— core_profiles: from Europed profile output

Current bottleneck

e Writing consistent equilibrium and core_profiles IDSs from Europed/HELENA output
e Work ongoing with T. Jonsson, using IMAS-HELENA as reference
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ﬁ) Europed-ETS integration workflow

=¥

] ETS uses the IMAS framework

» Data are exchanged between codes through Interface Data Structures (IDSs)

Design choice:
use Europed as a complete code, rather

J Europed is not IMASified

» Direct data transfer to ETS is therefore non-trivial than reimplementing selected parts, to
benefit directly from future Europed
[ Implementation approach: developments.
» Write the IDSs needed to initialize an ETS simulation from Europed output
» Main IDSs:

— equilibrium: from Europed/HELENA critical equilibrium
— core_profiles: from Europed profile output

Current bottleneck
e Writing consistent equilibrium and core_profiles IDSs from Europed/HELENA output
e Work ongoing with T. Jonsson, using IMAS-HELENA as reference
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QJ Europed reproducibility: JDC/Heimdall vs EFGW

2.5

mmmm |DC/Heimdall .
JEFGW Europed results are reproducible ‘/
| across JDC/Heimdall and EFGW
;-‘.’ Tested over a wide range of input parameters
|_q; 1.0
Q.
Example case:
+ I,=176KkA
« By =1.46T
hd BN = 1.9
0.80 0.85 0.90 0.95 1.00 1.05 1.10 o nle)ed = 4- O X 1019111_3
Yn
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(X
Q; Next steps
1. Complete the Europed - IMAS conversion

» write consistent equilibrium and core_profiles IDSs from Europed/HELENA output

2. Validate the generated IDSs in ETS

» choose a suitable ETS workflow together with the Chalmers team

3. Test the full Europed—ETS coupling
» apply the workflow to selected JET pulses

4. Benchmark against JINTRAC

» assess agreement between the ETS—Europed workflow and JINTRAC

25 TSVV-H in-person meeting June 2026 | Workflow for integrating Europed in ETS



ﬁ) Discussion

=¥

Coupling strategy:
» Does the proposed Europed—ETS coupling workflow make sense?
» Should the workflow be made more iterative, or is the current approach sufficient?

Implementation:

» Are there potential issues with writing the IDSs directly from Europed/HELENA output?
» Are there alternative coupling routes | should consider?

Other comments or suggestions?
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@w) Backup slides
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@) Some proposed pulses for testing the integrated modelling

28

Three pulses from [L. Horvath et al., Nucl. Fusion 61 (2021) 046015]

1. Pedestal ideally limited in deuterium (#84796, 1.4MA/1.7T) = starting point

2. Pedestal non-ideally limited in deuterium (#84793, 1.4MA/1.7T) = good to test resistive MHD

3. Pedestal non-ideally limited in hydrogen (#91554, 1.4MA/1.7T) = good to test resistive MHD and the

effect of the isotope mass

, #84796 D '?m mtch P

| #84793 D Wth match

-
-m="

1.0}
0.8}

0.6}

04L.

.

Two pulses from [Nystrom NF2022], [Chapman NF2022], [Maggi NF2015]
1. Pedestal ideally limited in deuterium (#84794 , 1.4MA/1.7T low gas)

2. Pedestal non-ideally limited in deuterium (#87342 , 1.4MA/1.7T high gas) = good to test resistive MHD

O. Sundberg | TSVV-H Kickoff Meeting | 30 January 2026
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/r“;} Detailed Europed workflow [ Run stability }

=

/ / Pedestal profile
/ \ Wped = kkbm"ﬂged
/ G Ipto’

Inputs P 2ma

Ip, Bt, B, n*“, shape, (B B 20 = Ppea " Run equilibrium
Zeffa Zimpa (Wped)

iterate current

offset core peaking, Yped

Kieom» @PT, qo a; set to match /+ Iterate a, to/
match g

- / ~ fully diffused +
Core profile bootstrap
Pos Tpos SOL ( " 91)92 /
TCOT'B - a 1 _ ( )
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Alternative workflow

e
v

/

.

Europed HELENA

Calculate Eaq.
(modify ETS output or
eq. code?)

\

)

v

/

- N / ETS N
Europed profiles
) Calculate core
Set up KBM profiles > ] )
. profiles with pedestal
(different w) BC
AN / AN J
/ N - N\
Output Find marginall
Predicted pedestal €—— 9 Y <
stable pedestal
from Europed
AN / AN J

O Europed-ETS integration (use many parts of Europed with ETS core transport)

30

.

Europed MISHKA
Calculate stability

\

» Set up profiles with KBM width constraint - Run ETS with P;,, to steady state (+ initial guess for core profiles) -
Run Europed Equilibrium and Stability - Prediction
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(Q ) Overview
=

Deliverables:
= WP2.4-D1: Test ideal MHD calculations within integrated modelling on JET discharge  Deadline: [12/2026]
=  WRP2.4-D2: Test resistive MHD calculations within integrated modelling Deadline: [12/2027]

People involved in the project:
= Olle Sundberg (PhD student), KTH
o integration of Europed in ETS
o benchmarking with HFPS
o application of integrated Europed+ETS to JET pulses

= Arnaud Lafay (PhD student), KTH
o pedestal stability and predictions with ideal and resistive MHD

= Lorenzo Frassinetti (supervisor), KTH
o support for the pedestal part and the general work

= Thomas Jonsson (supervisor), KTH not covered by TSVV-H
o support for the ETS part

= Samuli Saarelma (supervisor), UKAEA not covered by TSVV-H

o support for Europed
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@) WP2.4: Pedestal modelling — Planned work for 2026 (and 2027)

Prerequisites for TSVV-H work

> EUROPED-ETS integration
= Define the integration approach (with Samuli Saarelma)
= Install EUROPED on the new EFGW
= Verify reproducibility across clusters (EFGW vs Heimdall/JDC)
= Develop an ETS workflow with the necessary physics [6-7/2026]
= Implement EUROPED-ETS coupling and perform initial tests [7-8/2026]

TSVV-H contribution
> Application to JET cases
= Run the integrated workflow on selected JET discharges: [8-12/2026]
. 3 discharges from L. Horvath et al., Nucl. Fusion 61 (2021) 046015 (isotope effect)
. Extend to additional datasets
= Benchmark against HPFS [12/2026+]

> Extension to resistive MHD [1-12/2027]
= Integrate CASTOR into the EUROPED-ETS workflow
= Test on a resistive-relevant JET discharge
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/ﬁ) Why resistive MHD in the pedestal?

ey
= [Nystrém NF2022]
= |nsome conditions (high gas rate, high power [Maggi T ga703 (LPLG) \ T 87342 (HPHG) [ . =
NF2015]) the pedestal is not limited by ideal MHD 0 - 2\ |z o § g
= The pedestal is at the resistive MHD boundary s s | | & ?
[Nystrom NF2022] §0°] goe
h 0.4 ‘ h 0.4
a) b)
0.2 T T T 0.2
0 1 2 3 4 0 1 2 3 4
a a
= Resisitve MHD has been implemented in Europed
with promising results [Lafay submitted to NF] [Lafay Submltted]
S _ _ IIIIIIIIIIIIIIIIIII _ YCJ‘ IE.xpler'm’llerIn;lI:faiules IIIIIIIII
s o ] g ] e Ideal MHD - plwy = 0.03 ]
6 }@p"g‘)»..? ?> - [ o _ o - 5-——— ResistiveMH}[;,ngﬁo, yfmA:O.OQZ-E
@ =
A LE 9 TR e8 1 TSI R0, 1 ey M,
) 0 0",
db OOO(a) OO C.'b
P o,
] o ] (c) #87342 &
8.80 0.85 0.90 - OEIS - J‘I.OO 0.80 0.85 0.90 ~ 0.&5 ~ ‘I O.BD 0;35 - 0I90 - .O.I95 - J‘I.OO
YN YN YN
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