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@\) Introduction

=
ITER DEMO
RT01: Core-Edge-SOL RTO2: Alternative to
integrated H-mode type-1 ELM regimes

Physics & Control integration

RTO3: Disruption & RE RT04: Machine RTO5: Physics of
mitigation strategies generic integrated divertor detachment
control e e e e e

RTO8: Physics of high
B long pulse scenario

RTO06: preparation of
efficient PFC
operation
RTO7: Alternative
divertor configuration

RTO09: Physics of
energetic particles

Mission 1 MisSioN2 o — — o o e e e e e — |
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) Prioritization scheme and criteria

{

Proposal Evaluated according to the criteria:

Adherence to the Scientific Objectives
Size and feasibility

All these aspects were considered by the TFLs
RT Scientific when setting the priorities — according to the
Objectives following scheme

P1: experimental priority for 2025: machine time
granted but pulse budget might need reduction

P3: back-up programme

PB: piggy-back experiment/pure analysis proposal

3 B. Labit | GPM | 18 November 2024



7
@ Summary of proposals (26)

RT Proposal name Proposer
17 RT02 Characterization of edge fluctuations for NT plasmas with ballooning modes Margherita Ugoletti et al.
18 RT02 Turbulent Edge/SOL Transport in EDA Regimes in TCV Miriam La Matina et al.
19 RTO2 Turbulence Properties in the Edge of NT Plasmas Thomas Putterich
20 RT02 Continued development of RMP ELM suppression scenario in tight aspect ratio geometry David Ryan
21 RT02 Exploration of the QCE regime in ASDEX Upgrade Michael Faitsch,Mike Dunne
22 RT02 Exploration of the QCE regime in MAST-U Jessica Stobbs,Mike Dunne
23 RT02 EDA H-mode in AUG and TCV Luis Gil
24 RT02 Impact of resonant field amplification (RFA) on edge magnetic structure and ELM control in high-beta plasmas Yunfeng Liang
25 RTO02 Investigating possible reasons of different NT performance in AUG and TCV in view of iDTT NT scenarios P.Mantica
26 RTO02 I-mode access in alternative divertor configurations in ASDEX Upgrade Davide Silvagni, et al. =2 moved to RTO7
27 RT02 High-radiative and detached I-mode in alternative divertor configuration in ASDEX Upgrade Davide Silvagni, et al. =2 moved to RTO7
28 RT02 The role of the QCM in EDA H mode and its relation to the QCE regime in AUG Gustavo Grenfell, et al.
29 RT02 I-mode access, power thresholds and confinement on WEST Amanda Hubbard, Laure Vermare, et al.
30 RTO02 Investigations of the first wall power loads at different midplane separatrix positions in AUG Andreas Red|
31 RT02 Detachment in high-power L-mode NT plasmas and comparison with H-mode PT plasmas Garance Durr-Legoupil-Nicoud, et al.
32 RT02 Development of a stationary QH-mode scenario Eleonora Viezzer, Samuli Saarelma
33 RTO02 Negative triangularity in conventional vs spherical tokamaks Diego Jose Cruz Zabala, et al.
34 RT02 Impurity transport in ELM-free scenarios in AUG Mike Dunne, et al.
35 RT02 Power threshold density minimum in I-mode and edge ion heat flux scaling Jan Cecrdle et al.
36 RT02 Advanced scenarios in negative triangularity Antonia Frank
37 RTO2 Study of supershot-like scenario confinement on a ST Francesco Paolo Orsitto
38 RT02 Expansion of the stable beta N negative-triangularity L-mode existence domain Stefano Coda
39 RTO2 Using strongly negative triangularities on ASDEX Upgrade Jorg Hobirk
40 RT02 Development of NT on WEST and comparison with TCV Olivier Sauter
41 RTO2 Similarity experiments of NT plasmas on TCV towards DEMO Olivier Sauter
42 RT02 Heating mix effect on RMP ELM suppression Wolfgang Suttrop, et al.
43 RT02 Why it is difficult to have a QCE at q95<4.5? Benoit Labit, O. Sauter, et al
185 RT09 Fast-ion transport in negative triangulari J. Rasmussen € coming from RT09
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(EE} Summary of proposals NT (11) QCE (5) EDA (3) QH (1) RMP (3) I-mode (2) Others (1)
\ = 5 & &

17 RT02 Characterization of edge fluctuations for NT plasmas with ballooning modes Margherita Ugoletti et al.

18 RTO02 Turbulent Edge/SOL Transport in EDA Regimes in TCV Miriam La Matina et al.

19 RT02 Turbulence Properties in the Edge of NT Plasmas Thomas Pitterich

20 RT02 Continued development of RMP ELM suppression scenario in tight aspect ratio geometry David Ryan

21 RTO02 Exploration of the QCE regime in ASDEX Upgrade Michael Faitsch, Mike Dunne

22 RT02 Exploration of the QCE regime in MAST-U Jessica Stobbs,Mike Dunne

23 RT02 EDA H-mode in AUG and TCV Luis Gil

24 RT02 Impact of resonant field amplification (RFA) on edge magnetic structure and ELM control in high-beta plasmas  Yunfeng Liang

25 RTO2 Investigating possible reasons of different NT performance in AUG and TCV in view of iDTT NT scenarios P.Mantica

28 RTO02 The role of the QCM in EDA H mode and its relation to the QCE regime in AUG Gustavo Grenfell, et al.

29 RTO02 I-mode access, power thresholds and confinement on WEST Amanda Hubbard, Laure Vermare, et al.
30 RT02 Investigations of the first wall power loads at different midplane separatrix positions in AUG Andreas Red|

31 RT02 Detachment in high-power L-mode NT plasmas and comparison with H-mode PT plasmas Garance Durr-Legoupil-Nicoud, et al.
32 RT02 Development of a stationary QH-mode scenario Eleonora Viezzer, Samuli Saarelma
33 RTO02 Negative triangularity in conventional vs spherical tokamaks Diego Jose Cruz Zabala, et al.

34 RTO2 Impurity transport in ELM-free scenarios in AUG Mike Dunne, et al.

35 RT02 Power threshold density minimum in I-mode and edge ion heat flux scaling Jan Cecrdle et al.

36 RT02 Advanced scenarios in negative triangularity Antonia Frank

37 RTO2 Study of supershot-like scenario confinement on a ST Francesco Paolo Orsitto

38 RT02 Expansion of the stable beta N negative-triangularity L-mode existence domain Stefano Coda

39 RT02 Using strongly negative triangularities on ASDEX Upgrade Jorg Hobirk

40 RTO02 Development of NT on WEST and comparison with TCV Olivier Sauter

41 RT02 Similarity experiments of NT plasmas on TCV towards DEMO Olivier Sauter

42 RT02 Heating mix effect on RMP ELM suppression Wolfgang Suttrop, et al.

43 RT02 Why it is difficult to have a QCE at q95<4.57? Benoit Labit, O. Sauter, et al.

185 RTO9 Fast-ion transport in negative triangularity Jesper Rasmussen
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@) Scientific Objectives and Machine Time

Quantify turbulent and MHD driven transport in the vicinity of the separatrix and
implications for predictions for ITER and DEMO

Quantify first wall load in no-ELM scenarios and provide model for SOL transport
extrapolation

Extend the parameters space of no-ELM scenarios to large Psep/R and/or pedestal top
collisionallities relevant for ITER and DEMO

Determine the key physics mechanisms regulating edge transport in order to access no-ELM
regimes

“ Quantify the overall performance of negative triangularity plasmas in view of DEMO

2025 AUG TCV MAST-U WEST
Tentative allocation 45 120 48 15
Total proposed 207 375 169 50
Scientific/dev. 171/36 221/154 | 149/20 40/10

6 B. Labit | GPM | 18 November 2024



@Y #17 Characterization of edge fluctuations for NT plasmas with
= ballooning modes

* Proponents and contact person:

. margherita.ugoletti@igi.cnr.it, M. Agostini, M. La Matina, T.
Bolzonella, L. Pigatto, B. Labit, P. Hennequin, S. Rienaecker, M.
van Rossem, W. Yinghan

* Scientific Background & Objectives

Negative triangularity (NT) achieves H-mode level core performance with L-mode
edge, making it attractive for future fusion reactors

* Ballooning mode instability in NT: In NT configurations, ideal ballooning modes destabilize at
lower pressure gradients compared to PT, preventing the formation of the edge transport barrier

(ETB) and suppressing H-mode.
* Diagnostics and goals: The Thermal Helium Beam (THB) diagnostics at TCV will be used to measure

electron density, temperature, and filamentary structures, aiming to understand how plasma
fluctuations change with plasma shaping

* Experimental Strategy/Machine Constraints and essential Proposed pulses

diagnostic # Pulses/Session |# Development
* Performa scanin & topin LSN on a shot-to-shot basis. Repeat the scan in 6 bottom in USN to observe any differences.

If there are no significant differences, prefer USN for compatibility with DBS and SPR. (5 shots)

* For each shot, apply a discrete ramp of NBI-1. Repeat the THB measurements during the various NBI-1 steps. (10 AUG
shots)
*  Repeat most interesting shape with GPI mid-plane and SPR/DBS (10 shots). MAST-U
*  Note that the modification of 6 is limited by the THB coverage. =
TCV 25 10
WEST

THB is an essential diagnostic.

7 B. Labit | GPM | 18 November 2024
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#17 Characterization of edge fluctuations for NT plasmas with

ballooning modes

* Proponents and contact person:

. margherita.ugoletti@igi.cnr.it, M. Agostini, M. La Matina, T.
Bolzonella, L. Pigatto, B. Labit, P. Hennequin, S. Rienaecker, M.
van Rossem, W. Yinghan

* Scientific Background & Objectives

Negative triangularity (NT) achieves H-mode level core performance with L-mode
edge, making it attractive for future fusion reactors

* Ballooning mode instability in NT: In NT configurations, ideal ballooning modes destabilize at
lower pressure gradients compared to PT, preventing the formation of the edge transport barrier

(ETB) and suppressing H-mode.
* Diagnostics and goals: The Thermal Helium Beam (THB) diagnostics at TCV will be used to measure

electron density, temperature, and filamentary structures, aiming to understand how plasma
fluctuations change with plasma shaping

* Experimental Strategy/Machine Constraints and essential
diagnostic

* Performa scanin & topin LSN on a shot-to-shot basis. Repeat the scan in 6 bottom in USN to observe any differences.
If there are no significant differences, prefer USN for compatibility with DBS and SPR. (5 shots)

* For each shot, apply a discrete ramp of NBI-1. Repeat the THB measurements during the various NBI-1 steps. (10
shots)

*  Repeat most interesting shape with GPI mid-plane and SPR/DBS (10 shots).
*  Note that the modification of 6 is limited by the THB coverage.

THB is an essential diagnostic.

TFL assessment: PB/P1
Should help to better
understand specificities of
NT edge

Proposed pulses

W # Pulses/Session | # Development

AUG
MAST-U

TCV 25 10
WEST

7
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Shot #76978

f’q\) #18 Turbulent edge/SOL transport
\=*"in EDA regimes in TCV

o Proponents and contact person.
* Miriam La Matina (miriam.lamatina@igi.cnr.it)
* Matteo Agostini
* Margherita Ugoletti

Shot #76978

* Benoit Labit

* Mack Van Rossem
* Pascale Hennequin
* Sascha Rienacker

* Scientific Background & Objectives

Investigate turbulence activity and transport to identify their key characteristics and understand their role in determining the shape and
stability properties of the pedestal in the EDA regime, specifically detecting and characterizing modes localized in the edge region, like
the QCM using as primary diagnostic the Thermal Helium Beam (THB) diagnostic, together with SPR diagnostic and DBS diagnostic that
will be used to:

o  Characterize the fluctuation activity across the pedestal and the separatrix to better identify/discriminate instability
regimes, reconstructing the electron temperature and density fluctuations;

o  Characterize of edge instabilities, including QCM modes;

o  Characterize the SOL filaments;

* Experimental Strategy/Machine Constraints and essential diagnostic

o Perform parameter scans: heating power, plasma density ) (around 4 pulses for each scan)
o Vary the plasma shape and study its influence on the regime and ELM avoidance (4 pulses)

o Execute stationary discharges with optimized diagnostic settings for detailed characterization of plasma (4 pulses)

Required non-standard diagnostics: THB, SPR and DBS

frequency|kHz]

P80 1382 1384 1386 1388
t[s]

#T6978

1.033 m 0.9894 m
i

#fa978: ne

131 1.093
1.0
0.5

1,008
F.d
1
5.0
2.5
cq| 09834
2.5

=2 =10 ] 10 20
t [ps)

A afe

150

{mWim*srnmi))

ne [ 104 m=?]

Proposed pulses

m # Pulses/Session | # Development

AUG
MAST-U
TCV 20 0

WEST

8 B. Labit | GPM | 18 November 2024



Shot #76978

ﬁ) #18 Turbulent edge/SOL transport

Shot #76978

\="in EDA regimes in TCV

* Proponents and contact person:

* Miriam La Matina (miriam.lamatina@igi.cnr.it)
* Matteo Agostini

* Margherita Ugoletti

* Benoit Labit

* Mack Van Rossem

* Pascale Hennequin

* Sascha Rienacker

PSD[V¢[Hz]

* Scientific Background & Objectives

Investigate turbulence activity and transport to identify their key characteristics and understand their role in determining the shape and
stability properties of the pedestal in the EDA regime, specifically detecting and characterizing modes localized in the edge region, like
the QCM using as primary diagnostic the Thermal Helium Beam (THB) diagnostic, together with SPR diagnostic and DBS diagnostic that

will be used to:

o Characterize the fluctuation activity across the pedestal and the separatrix to better identify/discriminate instability
regimes, reconstructing the electron temperature and density fluctuations;

o  Characterize of edge instabilities, including QCM modes;

o  Characterize the SOL filaments;

* Experimental Strategy/Machine Constraints and essential diagnostic

o Perform parameter scans: heating power, plasma density ) (around 4 pulses for each scan)
o  Vary the plasma shape and study its influence on the regime and ELM avoidance (4 pulses)

o Execute stationary discharges with optimized diagnostic settings for detailed characterization of plasma (4 pulses)

Required non-standard diagnostics: THB, SPR and DBS

TFL assessment: P1
Understanding role of QCM |~
is important for
extrapolation

#T6978

0.9894 m

o

1.033 m
i

#fa978: ne

1 1.033
0.5

1,008
F.i
1
5.0
2.5
cq| 09834
2.5

=2 =10 ] 10 20
t [ps)

400

I
i
200 ﬂ:&‘

{mWAm*srnmi))
£ 3
[=] =

ne [ 104 m=?]

150 ‘! H‘
|
i
i

~20 0 20

Proposed pulses

m # Pulses/Session | # Development

AUG
MAST-U
TCV 20 0

WEST
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@) #19 Turbulence properties in the Edge on NT plasmas
\= : -

1.0F

* Proponents and contact person:

* Thomas.Putterich thomas.puetterich@ipp.mpg.de 05} \ '
* Branka Vanovac branka.vanovak@ipp.mpg.de | 438457,3.05 Bpol-0.9 \

* Jorg Hobirk joerg.hobirk@ipp.mpg.de |
* Tim Happel tim.happel@ipp.mpg.de oo} t

438457 4.55 Ppol=2.0

+

* Scientific Background & Objectives

* NT plasmas provide a change in turbulence transport, which has not |y
been characterized at AUG in detail |
 Measurement of fluctuation properties T

* Measurement of transport fluxes dependent on gradT/T

100 125 150 175 EDD 225 250

W # Pulses/Session |# Development

* Experimental Strategy/Machine Constraints and
essential diagnostic

* Measure heat fluxes and gradT/T for varying gradT/T MAST-U
* Core heating + various ratios edge/core gyrotron provide different gradT/T at
rho pol=0.75 TCV

* Modulation of a gyrotron provides chi_e

« CECE and Doppler give fluctuation properties WEST

9 B. Labit | GPM | 18 November 2024
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#19 Turbulence properties in the Edge on NT plasmas l ®r\

* Proponents and contact person:

* Thomas.Putterich thomas.puetterich@ipp.mpg.de
* Branka Vanovac branka.vanovak@ipp.mpg.de
* Jorg Hobirk joerg.hobirk@ipp.mpg.de

TFL assessment: P1 7
Should help to better
understand specificities of

* Tim Happel tim.happel@ipp.mpg.de

* Scientific Background & Objectives
* NT plasmas provide a change in turbulence transport, which has not
been characterized at AUG in detail
 Measurement of fluctuation properties
* Measurement of transport fluxes dependent on gradT/T

* Experimental Strategy/Machine Constraints and

essential diagnostic

* Measure heat fluxes and gradT/T for varying gradT/T

* Core heating + various ratios edge/core gyrotron provide different gradT/T at
rho_pol=0.75

* Modulation of a gyrotron provides chi_e

* CECE and Doppler give fluctuation properties

NT edge

438457 ,4.55 Ppol=2.0

0.5

-1.0F

100 125 150 175 EDD 225 250

W # Pulses/Session | # Development

MAST-U
TCV
WEST

9
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. #20 Development of RMP ELM suppression
( S

/f- \ o o o o 10 49145rHI‘-"IF'ﬂ1‘f 49147 HMPDP,I_*.!IH—EEE: 4941[}_HMPDH 49420 HMF‘{JH.&‘D—:LI‘.
(%‘:x'} cenarioin tlght aspect ratio geometry | T ey | MR Cot Cument (A T oo
'\:J : i} /\ . X /\
* Proponents and contHCt person: ﬂDIﬂD (i EI]E:IElld;:qHMP'fo > X T Dﬂ.ﬂD £ :]24941;4&?-'1[‘ ﬂf? - X il
D A Ryan (David.ryan@ukaea.uk) ;,..,..,_'m L | ol
J
e Scientific Background & Objectlves ”’““MD{ e85 5 %0 i D ot o 2w
* Optimize the RMP coil configuration to achieve n=2 ELM
control without core mode locking. MM S W
 |dentify the access windows in global plasma parameters for 100 F . | F S i W - T f'
ELM mitigation and suppression on MAST-U "1, m""h’:%w ) ” I. fi
* Experimental Strategy/Machine Constraints and e 005 e jj_'fn 1577
essential diagnostic “la N LA .
* CompIEte the Scan Of n=2 RMP Configurations begun in MU03 MD anmdalzuel at r-{l 95m, km/s 7 lbﬂﬂlﬂmmid{:um atﬂl;dzﬂ.gﬂnil.akmfa - - =
» Compare measurements of rotation braking and density pump ﬂ \/M "
out with guidance from modelling, to identify optimal n=2 oL Tie ) | un_ﬂ“} L Teew | ]
CUnfiguratiUn for n=2 mltlgatIUn So far, n=2 applied RMPs on MAST-U have either no effect, or initiate a

locked mode depending on the upper-lower coil phase. We must complete

* If mltlgatlon not aChIEUEd In n=2f begln emplncal sCan Of n=1 the scan to find a phase which reaches ELM mitigation without a LM.

coil configuration, to investigate efficacy of n=3 sidebands.
. : : Proposed pulses
* Using newly developed cryopumped scenario, reduce density
* Applying optimized RMP field at lowest density, scan q95 to MAST-U 40/5 0/0
locate suppression access windows.

10 B. Labit | GPM | 18 November 2024



. #20 Development of RMP ELM suppression
( S

@} cenario in tight aspect ratio geometry

* Proponents and contact person:
D A Ryan (David.ryan@ukaea.uk)

* Scientific Background & Objectives
* Optimize the RMP coil configuration to achieve n=2 ELM
control without core mode locking.
* |dentify the access windows in global plasma parameters for
ELM mitigation and suppression on MAST-U

* Experimental Strategy/Machine Constraints and

essential diagnostic

* Complete the scan of n=2 RMP configurations begun in MUO3

* Compare measurements of rotation braking and density pump
out with guidance from modelling, to identify optimal n=2
configuration for n=2 mitigation.

* |f mitigation not achieved in n=2, begin empirical scan of n=1
coil configuration, to investigate efficacy of n=3 sidebands.

* Using newly developed cryopumped scenario, reduce density
to lowest safe level

* Applying optimized RMP field at lowest density, scan q95 to
locate suppression access windows.

49145 RMP off 49147 RMP on, A®=225

10
RMP Coil Current (kAt)

—_— 40145

10 4

49410 RMP off 49420 RMP on, A®=45

RMP Coil Current (kAt)

5 =

0 -
0.1

0.10 4

D.ﬂﬁj
.00

* TFLassessment: P1
1 Continuation of ongoing
experiments

— QG410
ALA ()

0.0 0.2 0.4 0.6 0.8 1.0

4
010 - D (arb) 49147, RMPs on

0.05 1},
c)
.00 T T f
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Trn (5]

0

0.0

So far, n=2 applied RMPs on MAST-U have either no effect, or initiate a
locked mode depending on the upper-lower coil phase. We must complete

1.2

o2

z
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0.05 1
k)
':'U:l T T
0 0.2 0.4 '5- 0.8

10a -

50 1

(]

1.0

1

0.

Dg (arb) 49420, RMPs on

1.0

1.

farm (HZ)

1 xx

) I'

0.

]

'Il'l

1

30

20 1

10 1

0.6
| ne.dl (10**m~?)
m)

o
150

0.

0 0.2 0.4 0.9 0.8

1.0

1.

100 4

50
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the scan to find a phase which reaches ELM mitigation without a LM.

Proposed pulses

m # Pulses/Session |# Development

MAST-U 40/5

0/0

1.7
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(’"'}) #21 Exploration of the QCE regime in ASDEX Upgrade

80
* Proponents and contact person: | | @) AUG #37164
Michael.Faitsch@ipp.mpg.de, single filaments —
Mike.Dunne@ipp.mpg.de, many more 60 -
» Scientific Background & Objectives % 40 -

Two open aspect of the QCE are 8

proposed to be addressed among others "“

-  Detachment and the interplay of the time 20-
dependent heat and particle fluxes due to the median filter
filaments (aka buffering) Inter-filament

- High plasma current operation to investigate 0

the leading access condition hypotheses 0 2 * 1 6
time (s)
 Experimental Strategy/Machine Proposed pulses Figure from {Faitsch, NF, 2023]

Constraints and essential diagnostic
Seeding scans with N2, Ne and Ar

m # Pulses/Session # Development

- Main diagnostics: LPs, bolometry AUG 26 -
High plasma current operation (1MA+)
- Main constraint are the shaping coil limits, MAST-U - -

disruption forces and the challenge of large and
infrequent type-l ELM when searching the

boundary of QCE WEST _ _

TCV - -

11 B. Labit | GPM | 18 November 2024



{O) #21 Exploration of the QCE regime in ASDEX Upgrade

 TFL assessment: P1
* Proponents and contact person:

Michael.Faitsch@ipp.mpg.de, single filament{ ®  Established scenario
Mike.Dunne@ipp.mpg.de, many more * Combine with #34
* Scientific Background & Objectives % 40 “
Two open aspect of the QCE are <
proposed to be addressed among others ™~ .0

-  Detachment and the interplay of the time
dependent heat and particle fluxes due to the median filter
filaments (aka buffering)

- High plasma current operation to investigate

Inter-filament -

the leading access condition hypotheses 0 2 * 1 6
time (s)
 Experimental Strategy/Machine Proposed pulses Figure from {Faitsch, NF, 2023]

Constraints and essential diagnostic
Seeding scans with N2, Ne and Ar

m # Pulses/Session # Development

- Main diagnostics: LPs, bolometry AUG 26 -
High plasma current operation (1MA+)
- Main constraint are the shaping coil limits, MAST-U - -

disruption forces and the challenge of large and
infrequent type-l ELM when searching the

boundary of QCE WEST

TCV - -
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12

Proponents and contact person:

?

, Many more

Scientific Background & Objectives

- Identify optimal divertor configurations to achieve
high separatrix density.

- Test shaping parameters in spherical tokamaks,
focusing on double null vs single null configurations.
- Examine filament behavior in the SOL and assess
their burn-through potential to the divertor.

- Compare filament characteristics with those
observed on JET and AUG.

Experimental Strategy/Machine

Constraints and essential diagnostic
- Compare conventional, extended leg, and Super-X
divertors using gas puff ramps.
- Shaping Parameters test, assess triangularity
effects with double null (high elongation) and single
null configurations.
- Use strike point sweeps on the best QCE
discharges to analyse filament burn-through to the
divertor.
- Density scans from ELMy H-mode to QCE to
evaluate filament behavior across various q values.

B. Labit | GPM | 18 November 2024
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) #22 Exploration of the QCE regime in MAST-U

Current Range:
7HO KA

Huating: o Beams

Plasmn Shape:
Diauhle Null

Divertor
Configuration:
Comven tional

BRMP eoils: Mo
Pellets: No

CPF Data
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Mo CPF dabn was
found for this shat.
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Figure from [MAST-U shot page 47037, 2023]
Proposed pulses
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) #2> Exploration of the QCE regime in MAST-U ®)

=2
N4 —
* Proponents and contact person: 47037 * TFL assessment: P1
Dratef Times Current BRange:
, zz;iﬁ:';:n._w :{:‘l‘:‘mmwﬂm Sh e Sh Ot n u m be r Sh Ou I d be
, Many more e PlasmaShape: S
y ;T:. :Iu:wrlér: .':I|-||.|'|'|'|1= Null re d u Ce d
« _ gege . se mscmner covaioos 7 ([ i
* Scientific Background & Objectives oo mesn Nice testbed to evaluate the
- Identify optimal divertor configurations to achieve L e role of elongation to access
high separatrix density. i TEDAE C
- Test shaping parameters in spherical tokamaks, s Mo QCE
focusing on double null vs single null configurations. Postshot : gf ]
- Examine filament behavior in the SOL and assess bkinms sV e —— |
their burn-through potential to the divertor. e o Poess 2 010 St e woimia
- Compare filament characteristics with those o b " o m
observed on JET and AUG. 702, onc | | s | |
° Experimental Strategy /M achine Figure from [MAST-U shot page 47037, 2023]
Constraints and essential diagnostic Proposed pulses
- Compare conventional, extended leg, and Super-X m # Pulses/Session # Development
divertors using gas puff ramps.
- Shaping Parameters test, assess triangularity AUG ; :
effects m.tlth dE}‘-Ub|E null (high elongation) and single MAST-U o5 _
null configurations.
- Use strike point sweeps on the best QCE TCV - -
discharges to analyse filament burn-through to the
divertor. WEST - -

- Density scans from ELMy H-mode to QCE to
evaluate filament behavior across various q values.

12 B. Labit | GPM | 18 November 2024
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#23 EDA H-mode in AUG and TCV

* Proponents and contact person:

L. Gil (lgil@ipfn.tecnico.ulisboa.pt), C. Silva, M. Faitsch,
M. Dunne, T. Putterich, O. Sauter, A. Merle, ...

* Scientific Background & Objectives
EDA H-mode is a promising no-ELM regime, but there are
several open questions, such as:
* Access conditions (incl. compatibility with low v*ped)
* Pedestal structure and ELM avoidance
* Effect of shaping, heating method, B,, |, etc.
* Quasi-coherent mode (QCM) nature and role
* Controlled full detachment of divertor

* Experimental Strategy/Machine Constraints and

essential diagnostic

AUG:

* Scans of shape, heating mix, B,, l,, power, fueling, ...

* Alternative divertor configurations

* Impurity seeding (N, Ar, Ne) and control

* Stationary discharges for detailed characterization

TCV:

* High 6 discharges predominantly heated by ECRH (X3)

* Ifregime is found - Parameter scans (incl. shape), stationary
pulses and impurity seeding

B. Labit | GPM | 18 November 2024

AUG #40112, By=-2.5T, lp=0.7 MA

0.5

N Lo ™
E >0 RFL/phase derivative, 1.4-3.0x10*"m? T
e Y

100 ~C
ﬁ | QCM (T
o 1 * =
5 20 ' | Yrm— ......-.- e et Ly
g e e - =l'_'-
o o W

Fuel (10%'e/s)
Ln
|

s

P (MW)
p—t

o

Time (s)

Proposed pulses

m # Pulses/Session | # Development

AUG 15

TCV 10 pulses + 40 if regime is found



) #23 EDA H-mode in AUG and TCV

=
@ . -
* Proponents and contact person: 15F TFL assessment: P2
L. Gil (Igil@ipfn.tecnico.ulisboa.pt), C. Silva, M. Faitsch, LoF AUG/P]-'TCV
M. Dunne, T. Putterich, O. Sauter, A. Merle, ... - u.ag o Missing parts on AUG not
¥ 150
< lear
o Scientific Background & Objectives 5190 cled ,
EDA H-mode is a promising no-ELM regime, but there are % ?0 ° Impurlty transport covered
several open questions, such as: = En = by #34
* Access conditions (incl. compatibility with low v*ped)

* Pedestal structure and ELM avoidance _ :
* Effect of shaping, heating method, B,, |, etc. I B tors s e e
* Quasi-coherent mode (QCM) nature and role
* Controlled full detachment of divertor

Taiv (€V)
o o
I? T

f

i

| |

=
L
L]

Fuel (10%te/s)
Ln
|

o
i LI I L]
|

* Experimental Strategy/Machine Constraints and

P
N LR

essential diaghostic =%

AUG: o LE]

* Scans of shape, heating mix, B,, l,, power, fueling, ... 0

* Alternative divertor configurations

* Impurity seeding (N, Ar, Ne) and control Proposed pulses

* Stationary discharges for detailed characterization
TCV: m # Pulses/Session | # Development

* High 6 discharges predominantly heated by ECRH (X3) AUG 15
* Ifregime is found - Parameter scans (incl. shape), stationary
pulses and impurity seeding TCV 10 pulses + 40 if regime is found
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( ) #24 Impact of resonant field amplification (RFA) on

=" edge magnetic structure and ELM control in high-
beta plasmas High-beta plasma with RMP
* Proponents and contact person: RFA

* vy.liang@fz-juelich.de

* Scientific Background & Objectives Plasma response and 3D
It is necessary to investigate the characteristics of RFA and the induced equilibrium (MARS-F/Q,

changes of edge magnetic structure and transport in high-beta plasmas, for JOERK, HINT)

the purpose of understanding physics mechanisms and designing
experimental strategies for ELM control; o /\

* Measure and simulate plasma response due to RFA effect in high-beta
plasmas for different beta and RMP configurations; MHD instability Transport (DKES,
* Measure and simulate RFA-induced changes of edge magnetic structure, (MIPS) EMC3-EIRENE)
pressure, bootstrap current and divertor heat load, investigate their relations
to ELM control; \/
 AUG: compare different physics mechanisms of ELM suppression in high-beta
and low-beta plasmas, prepare for upcoming JT-60SA ELM control study; Physics understandings
» MAST-U: explore effective strategy to achieve full ELM suppression in on ELM control
spherical tokamak by taking advantages of RFA effect in high-beta plasmas

using different RMP configurations.

* Experimental Strategy/Machine Constraints and
essential diagnostic

Proposed pulses

W # Pulses/Session | # Development

* AUG:
* Establish conventional and hybrid ELMy H-mode plasmas with different beta; AUG 10
* For each pulse, apply n=1 or n=2 RMP, scan coil phasing during the discharge.
© MASTU: MAST-U 14
* Establish target ELMy H-mode plasmas with different beta;
* Double-row RMP configuration: apply n=1 & 2 RMP, for best and worst coil phasing
(predicted by MARS-F modeling) respectively; TCV
* Single-row (lower-row) RMP configuration: apply n=1, 2 and 4 RMP.
* Essential diagnostics: magnetic diagnostics, TS, CXRS, MSE, IR cameras. WEST

14 B. Labit | GPM | 18 November 2024



( Y) #24 Impact of resonant field amplification (RFA) on

=~
edge magnetic structure and ELM control in k'~ — —
beta plasmas
* Proponents and contact person: * Strategy not clear
* vy.liang@fz-juelich.de ° i i i i
. Saentlflc Background & Objectives Asse{ss f co{mbmatmn with
It is necessary to investigate the characteristics of RFA and the induced #20 is pOSSIble (MAST-U)
changes of edge magnetic structure and transport in high-beta plasmas, for [T T T |

the purpose of understanding physics mechanisms and designing

experimental strategies for ELM control; /\

* Measure and simulate plasma response due to RFA effect in high-beta
plasmas for different beta and RMP configurations; MHD instability Transport (DKES,
* Measure and simulate RFA-induced changes of edge magnetic structure, (MIPS) EMC3-EIRENE)
pressure, bootstrap current and divertor heat load, investigate their relations
to ELM control; \/
* AUG: compare different physics mechanisms of ELM suppression in high-beta
and low-beta plasmas, prepare for upcoming JT-60SA ELM control study; Physics understandings
* MAST-U: explore effective strategy to achieve full ELM suppression in on ELM control
spherical tokamak by taking advantages of RFA effect in high-beta plasmas

using different RMP configurations.

* Experimental Strategy/Machine Constraints and
essential diagnostic

Proposed pulses

W # Pulses/Session | # Development

e AUG:
* Establish conventional and hybrid ELMy H-mode plasmas with different beta; AUG 10
* For each pulse, apply n=1 or n=2 RMP, scan coil phasing during the discharge.

©MASTU: g MAST-U 14

* Establish target ELMy H-mode plasmas with different beta;
* Double-row RMP configuration: apply n=1 & 2 RMP, for best and worst coil phasing

(predicted by MARS-F modeling) respectively; TCV
* Single-row (lower-row) RMP configuration: apply n=1, 2 and 4 RMP.

* Essential diagnostics: magnetic diagnostics, TS, CXRS, MSE, IR cameras.

WEST
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@ #25 Investigating possible reasons of different NT 1 =55 A e
~  performance in AUG and TCV in view of iDTT NT scenarios

* rroponents and contact person.
* paola.mantica@istp.cnr.it,A.Mariani, A.Balestri, P.Innocente, L.Aucone,T.Putterich, J.Hobirk

* Scientific Background & Objectives 0.5
* A marked difference of the effect of NT geometry was observed in AUG and TCV even

using the same shape and similar type of heating, with a remarkable density increase 3

only in TCV. A special attention should be devoted to the impact that the neutral source ;

may have in the NT vs PT transport changes. Main objectives:
* Understand the role of neutrals in the confinement improvement with NT in TCV.

* Clarify if this is a cause for better performance of NT in TCV wrt AUG, reproducing TCV conditions in iD I I 05
AUG using pellets. |
* Test higher delta_top shape in AUG to see an increased effect of NT in AUG. Sha pes
* Experimental Strategy/Machine Constraints and essential -1

diagnostic
« Repeat AUG NT shots with increased neutrals in the region 0.7-1 by pellet injection, to check if
phenomenology becomes more similar to TCV NT. Reference pulses LD 40473, 40866,40869.

 Repeat TCV NT shots with baffles to reduce neutrals and density increase, to check if
phenomenology becomes more similar to AUG NT. Reference pulses LD 73382, HD 79911, HD 82672
* Develop AUG NT shape with higher delta-top as designed for DTT and tested on TCV, to see if there is Pl‘OpﬂSEd pulses

a clearer effect of NT on AUG plasmas .
P m # Pulses/Session | # Development

Devices lp:'Bt Shape Heating Gas | Essential non-standard Diagnostic AU G 8 4

AUG 0.6-0.8 MA/2.5T LSN, low-delta and high-delta NT shapes | NBl 4 MW, ECH153MW | D Li-beam, ?

TCV 6 3

TCV 170->280 kA/1.4 T | LSN, low-delta and high-delta NT shapes | NBl 0.5 MW, ECRH 0.7 MW | D CXRS, 7

B. Labit | GPM | 18 November 2024



(7 -
{g #25 Investigating possible reasons of different NT =55 1A e
rformance in AUG and TCV in view of iDTT[™™ ' “
PEro ce UG dTC EWO * TFLassessment: P1
* rroponents anda contact person. ° Number Of ShOtS on AUG
 paola.mantica@istp.cnr.it,A.Mariani, A.Balestri, P.Innocente, L.Aucone,T.Putt should be reduced
* Scientific Background & Objectives . : :
* A marked difference of the effect of NT geometry was observed in AUG and TCV ev FXtendS Previous studies on
using the same shape and similar type of heating, with a remarkable density increa IDTT
only in TCV. A special attention should be devoted to the impact that the neutral sd ¢ Cross-machine expe riment
may have in the NT vs PT transport changes. Main objectives:

* Understand the role of neutrals in the confinement improvement with NT in TCV.
* Clarify if this is a cause for better performance of NT in TCV wrt AUG, reproducing TCV conditions in iDTT 0.5

AUG using pellets.
* Test higher delta_top shape in AUG to see an increased effect of NT in AUG. Sha pes

* Experimental Strategy/Machine Constraints and essential 1 T

diagnostic —4 = +0.44
« Repeat AUG NT shots with increased neutrals in the region 0.7-1 by pellet injection, to check if ) —0=-0.26
phenomenology becomes more similar to TCV NT. Reference pulses LD 40473, 40866,40869. 1.5 2 2.9 3
 Repeat TCV NT shots with baffles to reduce neutrals and density increase, to check if R [m]
phenomenology becomes more similar to AUG NT. Reference pulses LD 73382, HD 79911, HD 82672
* Develop AUG NT shape with higher delta-top as designed for DTT and tested on TCV, to see if there is PI‘OPOSEd pulses

a clearer effect of NT on AUG plasmas .
P m # Pulses/Session | # Development

Devices Ip:'B. Shape Heating Gas | Essential non-standard Diagnostic AU G 8 4

AUG 0.6-0.8 MA/2.5T LSN, low-delta and high-delta NT shapes | NBl 4 MW, ECH15-3MW | D Li-beam, ?

TCV 6 3

TCV 170->280 kA/1.4 T | LSN, low-delta and high-delta NT shapes | NBl 0.5 MW, ECRH 0.7 MW | D CXRS, ?
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ﬁ) #28 QCM properties in EDA H-mode and its relation to QCE in

N
= ASDEX Upgrade
EDA H-mode EDA I1|'1_1I1‘-£11|_::Iirng_ [TL}LL;E'_-Ii}.'-.:I
* Proponents and contact person: MIS?5,3.7:291 41375, 7.1.7.
G. Grenfell

(gustavo.grenfell@ipp.mpg.de), L. Gil, B. =0
Vanovac, M. Griener, M. Faitsch, C. Silva...

* Scientific Background & Objectives

The presence of a QCM is the main signature : e

-5 0 5 10 15 20 -5 0 5 10 15 20
of EDA H-mode. In QCE, a less coherent QCM R — Ry [mm) R — Ry [mm]
is often observed in AUG, which makes a
possible link between these two regimes.

Figure 1: boundary density profiles measured by scanning
probes and Li-beam, and QCM cross-phase between density

Understanding their similarities and and potential fluctuations during EDA H-mode and EDA high
differences is the main focus of this proposal. fueling (QCE-like) phases.

- Combine different diagnostics for better QCM

characterization (e.g., scanning probes, THB, CECE, Proposed pulses

DR, and reflectometry);
- Compare fingerprints: mode radial location and
amplitude, wavenumber, mode propagation velocity,

N e

cross-phases, and turbulence spreading rate. AUG 8 2
« Experimental Strategy/Machine MAST-U
Constraints and essential diagnostic TCV
Discharges with EDA and QCE H-mode phases
- Fueling scans in low power EDA H-mode WEST

- High shaping, ECRH and NBI
- Midplane manipulator with high-heat flux ball-
pen probe and magnetic probe heads.

16 B. Labit | GPM | 18 November 2024



ﬁ) #28 QCM properties in EDA H-mode and its relation to QCE in

N
= ASDEX Upgrade
Jovene L@ TEL assessment: P2/PB
* Proponents and contact person: . — )
G. Grenfell ; |  Piggyback whenever
(gustavo.grenfell@ipp.mpg.de), L. Gil, B.  =o "' possible
Vanovac, M. Griener, M. Faitsch, C. Silva... 7T

* Scientific Background & Objectives

The presence of a QCM is the main signature : e

-5 0 5 10 15 20 -5 0 5 10 15 20
of EDA H-mode. In QCE, a less coherent QCM R — Ry [mm) R — Ry [mm]
is often observed in AUG, which makes a
possible link between these two regimes.

Figure 1: boundary density profiles measured by scanning
probes and Li-beam, and QCM cross-phase between density

Understanding their similarities and and potential fluctuations during EDA H-mode and EDA high
differences is the main focus of this proposal. fueling (QCE-like) phases.

- Combine different diagnostics for better QCM

characterization (e.g., scanning probes, THB, CECE, Proposed pulses

DR, and reflectometry);
- Compare fingerprints: mode radial location and
amplitude, wavenumber, mode propagation velocity,

C e

cross-phases, and turbulence spreading rate. AUG 8 2
« Experimental Strategy/Machine MAST-U
Constraints and essential diagnostic TCV
Discharges with EDA and QCE H-mode phases
- Fueling scans in low power EDA H-mode WEST

- High shaping, ECRH and NBI
- Midplane manipulator with high-heat flux ball-
pen probe and magnetic probe heads.

16 B. Labit | GPM | 18 November 2024



#29 I-mode access, power thresholds and confinement on WEST

Contact person: Amanda Hubbard (hubbard@ psfc.mit.edu), | EEZDT
» Other Proponents Laure Vermare, Ecole Polytechnique LPP, J. Rice, A. Cavallaro, B (T
MIT PSFC, Davide Silvagni, IPP Garching, . ! New data to be added
from this experiment
Scientific Background & Objectives ‘- : O
e Study the magnetic field, density and size dependence of I-mode access and .-
energy confinement to improve extrapolations to future devices. WEST data 21 &

T T T T L3 T L Ll
0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50

will break correlations, improve scalings (top figure).
* Additional ECRH power and new edge Thomson scattering system available in
new campaign will strongly help access and identification of stable I-mode

Major radius Ro (m)
“WEST Power Thresholds (3.7T, 0.5MA)

T~

: ,.--==""" Prioe trarjsitions; candidate [-modes—

Wl

=l

Experimental Strategy
 Start with existing transitions/candidate I-modes (Vermare et al NF 2022):

&

™

—L — s

Power (mixed loss and separatrix) [MW]
|

USN, 3.7 T, 500 kA, n_~4.5x10%° m3. . iy = —
Close to predicted P..,(L-1) from C-Mod! (bottom figure) ) \fi} = nase

e Step ICRH and/or LH power to find L-l, I-H thresholds. +ECH if avail. . e

e Scan target n, up and down to determine n, for minimum P(L-1), scaling. 1y —
Repeat P scans (2-3 shots per density, 6 densities). 33 %0 I O il tsatan,

* Smalll; scan at optimum n, to reduce qgs. (2-3 shots).

* Edge TS, DBS among important diagnostics. # Pulses/Session

* A 2" session would enable other objectives (see full proposal). WEST 20 pulses/1 session

B. Labit | GPM | 18 November 2024



#29 I-mode access, power thresholds and confinement on WEST

Contact person: Amanda Hubbard (hubbard@ psfc.mit.edu), * TFlLassessment: P1

* Other Proponents Laure Vermare, Ecole Polytechnique LPP, J. Rice, A. Cavallaj * New WEST capabilities
MIT PSFC, Davide Silvagni, IPP Garching, e Dependence on Bt for I-

Scientific Background & Objectives mode access needs

* Study the magnetic field, density and size dependence of I-mode access and clarification )
energy confinement to improve extrapolations to future devices. WEST data 21 v

will break correlations, improve scalings (top figure).
* Additional ECRH power and new edge Thomson scattering system available in
new campaign will strongly help access and identification of stable I-mode

Major radius Ro (m)

WEST Power Thresholds (3.7T, 0.5MA)

: _.--==""Prior trarjsitions; candidate [-modes——

Wl

/

Experimental Strategy
 Start with existing transitions/candidate I-modes (Vermare et al NF 2022):

&

Power (mixed loss and separatrix) [MW)
1*

USN, 3.7 T, 500 kA, n_~4.5x10° m3. S — N
Close to predicted Py, (L-1) from C-Mod! (bottom figure) ] 'Q:;»L“"___} e

e Step ICRH and/or LH power to find L-l, I-H thresholds. +ECH if avail. ) [

e Scan target n, up and down to determine n, for minimum P(L-1), scaling. 1 : —
Repeat P scans (2-3 shots per density, 6 densities). 053 o R s s e

* Smalll; scan at optimum n, to reduce qgs. (2-3 shots).

* Edge TS, DBS among important diagnostics. # Pulses/Session

* A 2" session would enable other objectives (see full proposal). WEST 20 pulses/1 session
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@) #30 Investigations of the first wall power loads at different
N2 midplane separatrix positions

* Proponents and contact person: 1 0 ASDEX Upgrade .
Andreas Redl, Luca Scotti, many more , :
0.8 | |
* Scientific Background & Objectives % 0.6 : = .|
One key aspect of the density shoulder ; : ““*ﬁ{.ﬁ
. -
is proposed to be addressed among < 041 | :
- —— #3831, Ry =1.14, Ry, =2.15, n=1.69,0p=AUGD ==
Oth ers - = l‘lﬁ:’s:ﬁ' -: :F'. Rui -i ii. n-: :'.'F.Hz-ﬁ'-rzl - ~ :
- The connection between wall gap and 2 A T
formation of the density shoulder in QCE H- T oena. e =2l Rum 5215, KE1SOMDRAUSD
modes and its implication for the first wall PFCs 0.0{5 " e !
1.000 1.025 1.050 1.075 1.100 1.125
Ppol

* Experimental Strategy/Machine

Constraints and essential diagnostic
Fuelling scan at three different midplane separatrix Proposed pulses

positions. m # Pulses/Session # Development
- Main diagnostics: Ballpen probe, Lithium Beam,
calorimetric diagnostics AUG 6 2
- Scenario development required to achieve QCE
at uncommon Btor/Ip MAST-U - -
TCV - -
WEST - -

18 B. Labit | GPM | 18 November 2024



ﬁ) #30 Investigations of the first wall power loads at different

@ ld I t ] ltl
mi dne separatrixXx positions
P P P +  TFLassessment: PB/P1
* Proponents and contact person: 1.0 e Sci. Obj. 2 addressed
Andreas Redl, Luca Scotti, many more . | o Piggyback whenever
81 :
* Scientific Background & Objectives a | pos§|ble .
One key aspect of the density shoulder 0.6 | Dedicated discharges
is proposed to be addressed among S 0.4, supported
others = e 838831, A =112, Ry =213, n=1.60,01p=AVGD
The connection between wall gap and 0.2 T o i in i,
formation of the density shoulder in QCE H- = TS0, R w1, Rew .13, ALAGABRAIGD
modes and its implication for the first wall PFCs 0.0i5 T e s e !
1.000 1.025 1.050 1.075 1.100 1.125

* Experimental Strategy/Machine Ppol

Constraints and essential diaghostic
Fuelling scan at three different midplane separatrix Proposed pulses

positions. m # Pulses/Session # Development
Main diagnostics: Ballpen probe, Lithium Beam,
calorimetric diagnostics AUG 6 2
Scenario development required to achieve QCE
at uncommon Btor/Ip MAST-U - -
TCV - -
WEST - -
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N\
/’C?‘ #31 Detachment in high-power L-Mode negative-triangularity plasmas and comparison with positive-triangularity
o — H-Mode plasmas

* Proponents and contact person:

* garance.durr-legoupil-nicoud@epfl.ch 83652 |I N

(. Feévrier, S. Coda, O. Sauter, H. Reimerdes, C. Theiler

EED kKWW MBH Power

 Scientific Background & Objectives

Negative triangularity (NT) may bring H-mode grade confinement in L-Mode operation, making
it an attractive solution for a reactor. P e T A AN )

L

This proposal aims to pursue the investigation and characterization of this scenario, and more generally ' A A
to explore detachment in high-power NT scenarios in TCV. A '
-> Continue developing and characterizing a high-performance high-power NBl-heated NT L-mode
scenario with a matching high-performance PT H-mode reference, developed end of 2024.

-> Perform detachment studies in these scenarios using N2 injection at various degrees of power. ' _ T ¥ r - |
Investigate the nitrogen penetration in the core and thus core-edge compatibility h ! 4

Can a fully detached NT L-mode matching H-mode PT performances be Proposed pulses

obtained on TCV? Does XPR regime exist in detached NT L-mode ? m

» Experimental Strategy/Machine Constraints and AUG
essentlal diagnostic MAST-U
N, seeding steps/ramps with NBI/ECRH in NT plasma: multiple input power levels, N, seeding at different
rates o P i P PP s TCV 20 20
- Detached NT L-mode and PT H-mode plasmas with NBH and or/ECRH
- essential diagnostics: edge diagnostics (IR,LP,etc) and CXRS WEST

19 B. Labit | GPM | 18 November 2024



/r( h #31 Detachment in high-power L-Mode negative-triangularity plasmas and comparison with positive-triangularity

4

H-Mode plasmas

* Proponents and contact person:

 garance.durr-legoupil-nicoud@epfl.ch
O. Février, S. Coda, O. Sauter, H. Reimerdes, C. Theiler

 Scientific Background & Objectives

Negative triangularity (NT) may bring H-mode grade confinement in L-Mode operation, makii
it an attractive solution for a reactor.

This proposal aims to pursue the investigation and characterization of this scenario, and more general
to explore detachment in high-power NT scenarios in TCV.

-> Continue developing and characterizing a high-performance high-power NBl-heated NT L-mode

TFL assessment: P1
Continuation of ongoing RN
work

Better assessment of
missing parts and overlap
with internal programme is
required

BH Power

scenario with a matching high-performance PT H-mode reference, developed end of 2024.
> Perform detachment studies in these scenarios using N2 injection at various degrees of power.

Investigate the nitrogen penetration in the core and thus core-edge compatibility

Can a fully detached NT L-mode matching H-mode PT performances be
obtained on TCV? Does XPR regime exist in detached NT L-mode ?

* Experimental Strategy/Machine Constraints and
essentlal diagnostic

N, seeding steps/ramps with NBI/ECRH in NT plasma: multiple input power levels, N, seeding at different
rates

Detached NT L-mode and PT H-mode plasmas with NBH and or/ECRH
essential diagnostics: edge diagnostics (IR,LP,etc) and CXRS

B. Labit | GPM | 18 November 2024
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Proposed pulses

m # Pulses/Session | # Development

AUG

MAST-U

TCV 20 20
WEST




'#32 Development of a stationary QH-mode scenario

— 5

* Proponents and contact person: _ TAUG USN :
E. Viezzer, S. Saarelma, A. Merle, E. R. Solano, X. Chen, D. J. Cruz Zabala, W. & 4 _ W _
Suttrop, P. Cano Megias, D. R. Ernst, J. Hobirk, B. Vanovac . 1

. — . . — ™ o B )
 Scientific Background & Objectives 0 ol ; —g .
* Future fusion devices need to avoid high confinement operation with ¢ o o ® '
ELMs — natural no-ELM regimes are considered as alternative R oL P + * ® k
* Demonstrate compatibility of stationary QH-mode with W wall © 1
* Establish stationary QH-mode in tight aspect ratio tokamak c + +
* - Characterize parameter dependencies of QH-mode % 1F H-mod 7
* - Analyse pedestal structure and stability and compare to ELMy H-modes o I {'J-H Emede o T |
* - Quantify effect of rotation on EHO A ! L*r'l"I{J{.‘lE mT 1
* - Study role of qq5 for accessing QH-mode 0L ) R T T W e
* - Study impact of edge ECCD on EHO and ELMs 20(} 400 &00 800 1000 1200 1400

- Test and further develop models for EHO

=0.95 [eV]
* Experimental Strategy/Machine Constraints and

edge T atp

pol

Proposed pulses

essential diagnostic
AUG: W # Pulses/Session |# Development
* Low collisionality USN scenario at high delta with cryo-pump on (#38877, #41229). Fresh boronization essential.

* Subset of pulses with edge ECRH at 105 GHz to drive edge ECCD (#41229, #41231). Scan in edge rotation

(tangential vs. radial beams, MPs, NBI vs wave heating) AUG 40 pU|SE‘S in total 20
MAST-U:
* High temperature pedestal reference scenario (#49360), use new cryopump. Fresh boronization essential. .
* Change plasma rotation using RMP caoils. MAST-U 30 pU|5E5 in total 10
TCV:
« Based on #68667, investigate effect of different balance of beam sources and current directions. ch 60 pUlSES in total 40

* Study central ECRH vs counter-ECCD. Study top vs bottom fuelling. Employ DN.

Common to all 3:
 Scanin heating power, q95 via Ip scan, outer gap. At best current value, do Bt scan. Gas puff scan. WEST
* Profile and fluctuation diagnostics essential to characterize QH-mode pedestal and EHO
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'#32 Development of a stationary QH-mode scenario
* Proponents and contact person: * TFLassessment: P1 :_

E. Viezzer, S. Saarelma, A. Merle, E. R. Solano, X. Chen, D. J. Cruz Zabala, W. o fel : : :
Suttrop, P. Cano Megias, D. R. Ernst, J. Hobirk, B. Vanovac Low c?lllsmnahty regime -
 Benefit of the pumped

upper divertor

“a O + +t 3
+ 4 :

1'— ]

 Scientific Background & Objectives
* Future fusion devices need to avoid high confinement operation with
ELMs — natural no-ELM regimes are considered as alternative
* Demonstrate compatibility of stationary QH-mode with W wall
* Establish stationary QH-mode in tight aspect ratio tokamak

- Characterize parameter dependencies of QH-mode

N
|

* - Analyse pedestal structure and stability and compare to ELMy H-modes I E-Hmﬁf:de el

* - Quantify effect of rotation on EHO - L'm{JdE mT 1

* - Study role of qq5 for accessing QH-mode 0L . P T T TP L

* - Study impact of edge ECCD on EHO and ELMs 20(} 400 600 800 1000 1200 1400

- Test and further develop models for EHO

=0.95 [eV]
* Experimental Strategy/Machine Constraints and

edge T atp

pol

Proposed pulses

essential diagnostic
AUG: W # Pulses/Session | # Development
* Low collisionality USN scenario at high delta with cryo-pump on (#38877, #41229). Fresh boronization essential.

* Subset of pulses with edge ECRH at 105 GHz to drive edge ECCD (#41229, #41231). Scan in edge rotation

(tangential vs. radial beams, MPs, NBI vs wave heating) AUG 40 pU|SES in total 20
MAST-U:
 High temperature pedestal reference scenario (#49360), use new cryopump. Fresh boronization essential. .
* Change plasma rotation using RMP caoils. MAST-U 30 pU|5E5 in total 10
TCV:
« Based on #68667, investigate effect of different balance of beam sources and current directions. ch 60 pUlSES in total 40

* Study central ECRH vs counter-ECCD. Study top vs bottom fuelling. Employ DN.

Common to all 3:
* Scanin heating power, q95 via Ip scan, outer gap. At best current value, do Bt scan. Gas puff scan. WEST
* Profile and fluctuation diagnostics essential to characterize QH-mode pedestal and EHO
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@ #33 Negative triangularity in conventional vs spherical tokamaks

* Proponents and contact person:

D.J. Cruz-Zabala (dcruz3@us.es), E. Viezzer, M. Garcia-Munoz, O. Sauter, A.O. Nelson,
C. Vincent, S. Henderson, S. Saarelma, O. Myatra, H. Anand, W. Wehner, A. Jansen van Vuuren, B.
Chapman, J.F. Rivero-Rodriguez.

* Scientific Background & Objectives

Negative triangularity (NT) in combination with spherical tokamaks (STs) might be a
game changer for DEMO - compact configuration with relaxed heat exhaust

requirements
Theoretical studies suggest a possible degradation of NT performance in STs when TEM

dominated = experiments are needed
First ST NT plasma in MAST-U shows promising results (see figure)

Objectives:

Experimentally address the impact of aspect ratio on NT’s benefits:
- Characterize transport and stability in STs NT = Which turbulence mechanism is

dominant?
Compare NT performance in three different machines (TCV,
MAST-U, SMART).

Assess ELM-suppression characteristics of NT plasmas in STs
Study power degradation in NT plasmas

* Experimental Strategy/Machine Constraints and essential diagnostic

In MAST-U, start from NT scenario developed by C. Vincent et al during the internal
campaign. Then, scans in power, density, torque and triangularity (if possible)

Take advantage of the shape capabilities of TCV to develop NT plasmas as similar as
possible to the ones at MAST-U and SMART

Matching discharges in PT to evaluate performance of NT
Essential diagnostics: TS, ECE, CXRS, turbulence diags, FILD

150
100
50
0o 8
S
=50
-100
-150
R(m) ‘A.O. Nelson et al.

Proposed pulses

W # Pulses/Session |# Development

AUG

MAST-U 20 0
TCV 15 15
WEST
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@ #33 Negative triangularity in conventional vs spherical tokamaks

* Proponents and contact person:

D.J. Cruz-Zabala (dcruz3@us.es), E. Viezzer, M. Garcia-Munoz, O. Sauter, A.O. Nelson,
C. Vincent, S. Henderson, S. Saarelma, O. Myatra, H. Anand, W. Wehner, A. Jansen van Vuuren, B.
Chapman, J.F. Rivero-Rodriguez.

* Scientific Background & Objectives

Negative triangularity (NT) in combination with spherical tokamaks (STs) might be a
game changer for DEMO - compact configuration with relaxed heat exhaust
requirements

Theoretical studies suggest a possible degradation of NT performance in STs when TEM
dominated = experiments are needed

First ST NT plasma in MAST-U shows promising results (see figure)

Objectives:

Experimentally address the impact of aspect ratio on NT’s benefits:
- Characterize transport and stability in STs NT = Which turbulence mechanism is

dominant?
Compare NT performance in three different machines (TCV,
MAST-U, SMART).

Assess ELM-suppression characteristics of NT plasmas in STs
Study power degradation in NT plasmas

* Experimental Strategy/Machine Constraints and essential diagnostic

In MAST-U, start from NT scenario developed by C. Vincent et al during the internal
campaign. Then, scans in power, density, torque and triangularity (if possible)

Take advantage of the shape capabilities of TCV to develop NT plasmas as similar as
possible to the ones at MAST-U and SMART

Matching discharges in PT to evaluate performance of NT
Essential diagnostics: TS, ECE, CXRS, turbulence diags, FILD

TFL assessment: P2

Sci. Obj. 5

Better evaluation of shaping
capabilities (MAST-U)
needed

=0.57 -50

_1+'u T
—-100

_115 .
=150

—-2.0 A

R () A. O. Nelson et al.
Proposed pulses

W # Pulses/Session |# Development

AUG

MAST-U 20 0
TCV 15 15
WEST
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() #34 Impurity transport in ELM-free scenarios in AUG

-

- =

m —

™

£ 10° l
a) —

 Proponents and contact person:
« M. Dunne, T. Gleiter, E. Wolfrum

 Scientific Background & Objectives

0]
|
o Pedestal impurity transport now high priority topic for ITER o

L Ll

« Recently developed diagnostic technique to measure vand D E |
separately for single impurity (Gleiter et al.) shows higher-than- o IR D .
neoclassical impurity transport in QCE regime ' —

« Extend analysis to other ELM-free regimes (RMP, EDA) and compare ok & : :
results to modulated argon puffing experiments ”E :23: S A \ :

« Aim to provide data for comparison to neoclassical/gyrokinetic ] 7sH :EEE: Eg:ﬁ mgg?m N
modelling to understand impurity transport in these scenarios ~100}- posterior distribution | e - —

. Experimental Strategy/Machine Constraints and 0.90 093 0% 0.59
essential diagnostic Gleiter et al., NF (submitted)

« Expand existing data-set of impurity transport coefficients to further
ELMing/QCE and EDA & RMP discharges (references available) Proposed pulses

o Essential conditions: fresh boronisation, special spectrometer set up

W # Pulses/Session |# Development
(preferable execution still in 2024)

o Significant data analysis/modelling requirement for this proposal AUG 12
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@‘} #34 Impurity transport in ELM-free scenarios in AUG

AN
* TFLassessment: P1 =
« Proponents and contact person: +  Sci. Obj. 1, 4 addressed 5
« M. Dunne, T. Gleiter, E. Wolfrum . Work started in 2024 %

 Scientific Background & Objectives

o Pedestal impurity transport now high priority topic for ITER
o Particular focus on ELM-free regimes

« Recently developed diagnostic technique to measure vand D E
separately for single impurity (Gleiter et al.) shows higher-than- }_mn__ yF A A
neoclassical impurity transport in QCE regime ' —

« Extend analysis to other ELM-free regimes (RMP, EDA) and compare ok & : :
results to modulated argon puffing experiments ”E :23: S

« Aim to provide data for comparison to neoclassical/gyrokinetic ] 7sH EEEE: Eg:ﬁ mgg?m N
modelling to understand impurity transport in these scenarios ~100}- posterior distribution | e =

. Experimental Strategy/Machine Constraints and 0.90 093 0.5 0.59
essential diagnostic Gleiter et al., NF (submitted)

o Expand existing data-set of impurity transport coefficients to further
ELMing/QCE and EDA & RMP discharges (references available) Proposed pulses

o Essential conditions: fresh boronisation, special spectrometer set up

w # Pulses/Session |# Development
(preferable execution still in 2024)

o Significant data analysis/modelling requirement for this proposal AUG 12

py. B. Labit | GPM | 18 November 2024



|

heat flux scanling

3.9

[ ]
T

Proponents and contact person:
Jan Cecrdle (cecrdle@ipp.cas.cz), M. Komm, D. Silvagni, A. Hubbard, A.
Cavallaro, O. Grover, T. Happel, B. Vanovac, L. Gil
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n
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++..{

., _
TP

kl

‘I
L.

I__'“.,
1—:'_
. -. 3 N
. ‘ e -
. B J 8 y

.
.
— -

—h.
n
]

[ | —
h
-#', *
T
Ll

Pii Piw Prw [MW]
- ho

Scientific Background & Objectives

* |-mode access in high density devices (COMPASS-U, SPARC) may be 5 IH19
difficult B
* A minimal requirement I-mode access scaling or “low-cost I-mode” > 3 4 5 6
should be established
* Objectives:

B LI1.95T

ot
S

-

* Conduct measurements of L-| threshold powers at low densities sof

(in a range around 3.5e19 m-3) (AUG)
* Increase the amount of Q; .4, data at L-I transition to infer scalings
* Construct a low reqmrement I-mode threshold scaling

Experimental Strategy/Machine Constraints and essential diagnostics
The experimental strategy applies to all proposed densities (5 density levels around 3.5e19 m-3
each repeated twice with different X-point positions):
*First phase: After reaching flat-top phase (2 s<t <4 s) Ramp up ECRH power by 200 kW
increments to find I-mode threshold
*Further increase power to find H-mode thresholds if possible
*Second phase: (4 s < t ) switch of ECRH and repeat the first phase procedure with NBI until
ramp-down
During the ECHR phase NBI blips will be utilized for Ti data acquisition

3.0 1
251

£.04

23
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n&.cm& [107° m3] [Ryter et al., 2017 NF 57] Necore |1

£ .
o asg -

#35 Power threshold density minimum in I-mode and edge ion

L
L

Pl Qedgera [MW]
o
>

0 | L i i i i |
0 1 2 3 43 5 6
ﬂm m-ii

Me = Nth, min VS Pp

C-MOD-MID-FIELD

Proposed pulses

Device | # Pules | #Dev.
AUG 10
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heat flux scanling

Proponents and contact person:

Jan Cecrdle (cecrdle@ipp.cas.cz), M. Komm, D. Silvagni, A. Hubbard, A.
Cavallaro, O. Grover, T. Happel, B. Vanovac, L. Gil

Scientific Background & Objectives

* |-mode access in high density devices (COMPASS-U, SPARC) may be
difficult

* A minimal requirement I-mode access scaling or “low-cost I-mode”
should be established

* Objectives:

* Conduct measurements of L-| threshold powers at low densities

(in a range around 3.5e19 m-3) (AUG)

3.9

Pii Piw Prw (MW]
= =+ A
h = N W

o

* Increase the amount of Q; .4, data at L-I transition to infer scalings

* Construct a low reqmrement I-mode threshold scaling

Experimental Strategy/Machine Constraints and essential diagnostics
The experimental strategy applies to all proposed densities (5 density levels around 3.5e19 m-3

each repeated twice with different X-point positions):

*First phase: After reaching flat-top phase (2 s <t <4 s) Ramp up ECRH power by 200 kW

increments to find I-mode threshold
*Further increase power to find H-mode thresholds if possible

*Second phase: (4 s < t ) switch of ECRH and repeat the first phase procedure with NBI until

ramp-down
During the ECHR phase NBI blips will be utilized for Ti data acquisition

23
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#35 Power threshold density minimum in I-mode and edge ion

* TFL assessment: P2
_ -+ * No Sci. Obj addressed
1 =
iR BET e + AT
ETCI ' e P g ECRH &
L -_'_..'.-i#".- '.Iu :._.}"+ - D‘? & 1 n; O
‘[::.;j_.”.1u Rl ' ]
i T T I . |
1 LI1.957 IH 1.95
- ®m LI23525T A IH25T |
----- -LHLSNfav25T ol | | | | | |
2 3 4 3 6 0 1 2 3 4 5 6
N core [1079 M) [Ryter etal.,, 2017 NF57] Mecore [1077 M7
Me = Nt min VS P
50 .I s CMOD-MIG-FIELD
a5 =
]
4.0 = .
£ 4 4 1. -« * .
a asd . . B .._1:.' ~ “u -
# 'Il_ " 'l..J;-.‘%t_i' L1 v
3.0 1 " . r
o A

251

2.0 4,
&

Proposed pulses

Device | # Pules | #Dev.
AUG 10




/’ N . . . . . >3 76840, -140kA, 2c0/1ont
‘@ #36 Advanced scenarios in negative triangularity 2 [| 22738 165, 2ot

* Proponents and contact person:
* Antonia Frank (antonia.frank@epfl.ch)

* QOlivier Sauter
* Stefano Coda

* Scientific Background & Objectives

> Negative triangularity (NT) operation comes with high beta_ N operation without
accessing H-mode and ELM-free operation

» Advanced tokamak (AT) scenario: needs reversed/elevated flat safety factor profile
to build up internal transport barrier (ITB)

> Start from AT scenario in NT at TCV developed in RT02 2024 with 3 ECCD in co-lp
off-axis to demonstrate & study:

» Fully non-inductive NT operation, first with ECCD only, then add NBI to go
towards high beta_N (first attempts already started)

» Study (e)ITB in NT in limited and diverted NTM shapes
» Real-time controlled ITB using tools developed within RT04 proposal on g-

profile control | o
1 sqri( Ynorm )
* Experimental Strategy/Machine Constraints and essential Proposed pulses
diagnostic W # Pulses/Session | # Development

 Clamp loop voltage to zero to obtain a steady-state, fully non-inductive elTB

in NT (no NBI) AUG
 Add NBI to ion contribution to the ITB and to go towards high-beta aiming

also fully non-inductive scenario MAST-U
* Use tools developed with RT04 proposal on g-profile control for AT

scenarios on NT discharges, eventually combine with NBI-controlled power TCV 30 10

for RT-beta control
* Essential diagnostics: CXRS/DNBI, SCD for RT tools WEST
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/’._\\ . . . o - 2 — -I co/lcnt |
{( ] #36 Advanced scenarios in negative triangularity ) | — 82738, 165KkA, 200/ 10

Y ——— 82785, 165kA, 3co
* Proponents and contact person: ¢ TFL assessment: P1
* Antonia Frank (antonia.frank@epfl.ch) ° - - -
A Continuation of ongoing
* Stefano Coda WO rk
* Scientific Background & Objectives . :
e Backs! ) o e e Sci. Obj. 5 addressed :
> Negative triangularity (NT) operation comes with high beta_ N operation without
accessing H-mode and ELM-free operation . | e Highest prio rity for NT
»> Advanced tokamak (AT) scenario: needs reversed/elevated flat safety factor profile i ).50s
to build up internal transport barrier (ITB) 5| StUdles ;;gz
> Start from AT scenario in NT at TCV developed in RT02 2024 with 3 ECCD in co-lp
off-axis to demonstrate & study: o 4
» Fully non-inductive NT operation, first with ECCD only, then add NBI to go
towards high beta_N (first attempts already started) 2
» Study (e)ITB in NT in limited and diverted NTM shapes ]
» Real-time controlled ITB using tools developed within RT04 proposal on g- %

profile control

Py sart( éil!narm )
* Experimental Strategy/Machine Constraints and essential Proposed pulses
diagnostic W # Pulses/Session | # Development
 Clamp loop voltage to zero to obtain a steady-state, fully non-inductive elTB
in NT (no NBI) AUG
 Add NBI to ion contribution to the ITB and to go towards high-beta aiming
also fully non-inductive scenario MAST-U
* Use tools developed with RT04 proposal on g-profile control for AT
scenarios on NT discharges, eventually combine with NBI-controlled power TCV 30 10
for RT-beta control
* Essential diagnostics: CXRS/DNBI, SCD for RT tools WEST
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@) #37 Study of supershot-like scenario confinement on a ST

* Proponents and contact person:

. francesco.orsitto@enea.it
* Scientific Background & Objectives
* The supershot or hot 1on mode scenario was studied intensively in TFTR and JET DTE1/2
* Ascaling law of energy confinement has been recently proposed based on TFTR
supershot confinement and L-mode scaling law : this scaling law was found in broad
agreement with ST40 data on a wide range of plasma parameters[1].
* The present proposal is aimed for the first time at a detailed experimental check of
the various dependences of this energy confinement time scaling as proposed in [S] at

a different aspect ratio A=1.4 and different major radius

* [1] F P Orsitto and M Romanelli , 48th EPS 2022 P5a.103; F P Orsitto , M Romanelli and
ST40 Team 49th EPS 2023 poster Mo MCF _019; F P Orsitto et al, IAEA FEC 2023
London Paper CN1708.

* Experimental Strategy/Machine Constraints and Proposed pulses

essential diagnostic Device | #Pulses/Session _# Development

* 1.study the parametric dependences of the confinement time in supershot scenario mainly the dependence

upon the plasma current and magnetic field . AUG
* 2.study the paramedic dependence on the density and density peaking
* 3.study the parametric dependence on the heating power MAST-U 30 10
* 4 study the parametric dependence on the beam energy
TCV
WEST
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@} #37 Study of supershot-like scenario confinement on a ST

* TFLassessment: P3
* Proponents and contact person: e This scenario is not foreseen

. francesco.orsitto@enea.it in DEMO
* Scientific Background & Objectives
* The supershot or hot 1on mode scenario was studied intensively in TFTR and JET DTE1/2
* Ascaling law of energy confinement has been recently proposed based on TFTR
supershot confinement and L-mode scaling law : this scaling law was found in broad
agreement with ST40 data on a wide range of plasma parameters[1].
* The present proposal is aimed for the first time at a detailed experimental check of
the various dependences of this energy confinement time scaling as proposed in [S] at

a different aspect ratio A=1.4 and different major radius

* [1] F P Orsitto and M Romanelli , 48th EPS 2022 P5a.103; F P Orsitto , M Romanelli and
ST40 Team 49th EPS 2023 poster Mo MCF _019; F P Orsitto et al, IAEA FEC 2023
London Paper CN1708.

* Experimental Strategy/Machine Constraints and Proposed pulses

essential diagnostic Device | #Pulses/Session | # Development

* 1.study the parametric dependences of the confinement time in supershot scenario mainly the dependence

upon the plasma current and magnetic field . AUG
* 2.study the paramedic dependence on the density and density peaking
* 3.study the parametric dependence on the heating power MAST-U 30 10
* 4 study the parametric dependence on the beam energy
TCV
WEST
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/Z;} #38 Expansion of the stable By negative-triangularity
N L-mode existence domain

Negative triangularity: NBI-1 vs NBI-2 (both co-current)

¢ PfOpOﬂEﬂtS and contact person. 200§ P S— 1,,__._._?__..__”.._&1_.__ I
S. Coda & friends 100 - | NBI-1 (80451)
I Plasma current (kA) NBI-2 (81231)
. . pe « .. 0! , , — il
* Scientific Background & Objectives Line-averaged density (100 m?)_.n .o &
** Negative-triangularity (NT) plasmas provide H-mode- et e
like confinement with an L-mode edge and no ELMs pr

0

** The current apparent stability limit (well below ideal NEBI power (MW)
stability) is By~1.4 for stationary diverted NT plasmas 0.5 /

(and 3,~3 transiently)

0} i | _ -
** Performance-limiting NTMs and VDEs could be ' e 2
tamed by improvements in control tools : o _ﬂﬁ_-—::’_’.';l"fff"" ‘1
& & o — —
* Experimental Strategy/Machine f““‘: 1o
. . . . 2 1
Constraints and essential diagnostics | n R
*»* Tools: optimize vertical control to avoid unwanted I |
VDEs; update and deploy NTM control and integrate v 0.5 1 15 3
with other advanced control schemes (I, density, Time (s)
shape) Proposed pulses
< Optirnize scenario for L-mode resilience and high mm # Development
confinement
** Apply varying combinations of X3, NBI-1 and NBI-2 to JET
diverted NT target; replicate on H-mode PT target
+» Validation of transport and gyrokinetic codes MAST-U
+* Need: all profile, turbulence, edge and fast-particle
diagnostics Jan ol 20
WEST
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@\, #38 Expansion of the stable By negative-triangularity
N L-mode existence domain

e TFL assessment: P1

Negative triangula

* Proponents and contact person: 200 JUTEE— cOntinuation of Ongoing
S. Coda & friends 100 - £f
" Plasma current e Ort
. ope . . 0! .
* Scientific Background & Objectives ineavernsesd o |n deep assessment of
** Negative-triangularity (NT) plasmas provide H-mode- P e
like confinement with an L-mode edge and no ELMs : p missing parts needed
*** The current apparent stability limit (well below ideal NEI power (MW) . cl b f d
stability) is B~1.4 for stationary diverted NT plasmas 0.5 ear Strategy to be retine
(and 3,~3 transiently) ol ’ - ’ _ |
** Performance-limiting NTMs and VDEs could be N P
tamed by improvements in control tools - o e 1
& & e — —
* Experimental Strategy/Machine — . - | HO
Constraints and essential diagnostics A o - |
¢ Tools: optimize vertical control to avoid unwanted . |
VDEs; update and deploy NTM control and integrate v 0.5 1 15 3
with other advanced control schemes (I, density, Time (s)
shape) Proposed pulses
** Optimize scenario for L-mode resilience and high mm # Development
confinement
*»* Apply varying combinations of X3, NBI-1 and NBI-2 to JET
diverted NT target; replicate on H-mode PT target
+» Validation of transport and gyrokinetic codes MAST-U
+* Need: all profile, turbulence, edge and fast-particle
diagnostics s 0 <0
WEST

26 B. Labit | GPM | 18 November 2024



@) #39 Using strongly negative triangularities on ASDEX Upgrade

=
Proponent(s) Jtor
— 1 o ggogr e
 J.Hobirk (IPP), B. Vanovac (MIT), T. Putterich (IPP), T. Happel (IF:IZEI —385kﬁ: _J\ V=10m3 -
- Scientific Background & Objectives : ¢ g--o 5857 -
. AUG negative triangularity discharges often enter H-mode 0.5 Q . _,]0436 -
» Main benefit of neg. delta is avoidance of H-mode - O:_ "'l"'| Z =2.50m_§
. Stronger shaping desired to get TCV/DIII-D like performance il 1'!' R =1.61m:
In L-mode ~05f i(3)=0. 98_
. . . N | A 27 ) Bam0:32
- Experimental Strategy/Machine Constraints and essential 1, AUG | AV _;_i_f,_;;:iif" - E
diagnostics “fprediction ™
- A special coil/power supply setup can potentially reach high o 1 - .
negative deltas at low plasma currents and limited power handling Proposed pulses

- Scans in power, ion-/electron heating ratio and density can charactemm # Development

potential L-mode operation in neg delta 6 pulses

 Analysis of edge stability (e.g. Baloo, Iped) and core transport MAST-U

(TGLF/Gene) can give further insight to neg. delta operation ey

WEST
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@) #39 Using strongly negative triangularities on ASDEX Upgrade

-  Proponent(s) * TFLassessment: P1
. J.Hobirk (IPP), B. Vanovac (MIT), T. Piitterich (IPP), T. Happel *  Testbed for H-mode 3
e T avoidance .
- Scientific Background & Objectives . e P85 -
o L  Technical feasibility to be 867
+ AUG negative triangularity discharges often enter H-mode clarified :
» Main benefit of neg. delta is avoidance of H-mode — T —=—z ‘E
- Stronger shaping desired to get TCV/DIII-D like performance o I R =1 61""
in L-mode 8 :' R {/ 'Ijl'lll ||(3) 0. 98—
. . . | 77 Bpﬂl_o 32
- Experimental Strategy/Machine Constraints and essential [AUG | | /7 /° :
diagnostics “fprediction
» A special coil/power supply setup can potentially reach high | 1 - ’
negative deltas at low plasma currents and limited power handling Proposed pulses

- Scans in power, ion-/electron heating ratio and density can charactemm # Development

potential L-mode operation in neg delta 6 pulses

 Analysis of edge stability (e.g. Baloo, Iped) and core transport MAST-U

(TGLF/Gene) can give further insight to neg. delta operation —y

WEST
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( V) #40 Development of NT scenarios in WEST

N4

* Proponents and contact person: Pre-design
olivier.sauter@epfl.ch, 250kA may be max

remy.nouailletas@cea.fr

* Scientific Background & Objectives

Improvement with negative triangularity
also predicted at higher aspect ratio and

lower rho* (high By), but needs to be
tested experimentally. No need to test
limited vs diverted, since L-H transition
sufficiently tested in other tokamaks

e Experimental Strategy/Machine

Constraints and essential diagnostic

Thanks to reverting sign of upper coils can 4 oul
make NT diverted shape in WEST Proposed pulses

-Density scan to test LOC-SOC and m # Pulses/Session

confinement

A
-Vary Ip, LHCD ue
-ECH additional in 2025 MAST-U
-Best performance, long pulses
_— TCV 10 5
Then do TCV similar shapes/scans for
comparison WEST 20 10
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@) #40 Development of NT scenarios in WEST

\=
* Proponents and contact person: Pre-design * TFLassessment: P2
olivier.sauter@epfl.ch, 250kAmaybemat e  Experiments foreseen in
remy.nouailletas@cea.fr 2024

* Scientific Background & Objectives

Improvement with negative triangularity
also predicted at higher aspect ratio and

lower rho* (high By), but needs to be
tested experimentally. No need to test
limited vs diverted, since L-H transition
sufficiently tested in other tokamaks

e Experimental Strategy/Machine

Constraints and essential diagnostic

Thanks to reverting sign of upper coils can 4 oul
make NT diverted shape in WEST Proposed pulses

-Density scan to test LOC-SOC and m # Pulses/Session

confinement

A
-Vary Ip, LHCD ve
-ECH additional in 2025 MAST-U
-Best performance, long pulses
_ TCV 10 5
Then do TCV similar shapes/scans for
comparison WEST 20 10
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("\) #41 Similarity experiments of NT 80157
N4 g | |=——80159
plasmas on TCV towards DEMO e
* Proponents and contact person: 1.6 |
. Olivier.Sauter@epfl.ch L al
_ L o < "~ TCV @0.32MW
 Scientific Background & Objectives 1.2 v 0.3/ '
* Use similarity experiments developed in 2024 ) - 0.2 |
e Start with largest range for validating simulations: TCV-JET for | 0.1
size and TCV-MAST-U for aspect ratio 0.8l B ol = Tcv 80157
+ Aim to predict for a NT-DEMO ] I =
0.6 = . | 02|
0.2 0.3 0.4
NBI1 [
* Experimental Strategy/Machine Constraints and proposed pulses ) SRS S E—

essentla’ clagnostic Device | #Pulses/Session | Development _
* All heating

* Standards for NT plasmas AUG

* May use baffles since focusing on top delta NT cases MAST-U
TCV 30 10
WEST
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("\) #41 Similarity experiments of NT 80157 ;“‘3
=" plasmas on TCV towards DEMO S D —— |
* Proponents and contact person: 16 |« New AUG shapes should be )
. Olivier.Sauter@epfl.ch Lol tested
Q"lz TCV @0.32MW
* Scientific Background & Objectives 1.2 o

* Use similarity experiments developed in 2024
e Start with largest range for validating simulations: TCV-JET for
size and TCV-MAST-U for aspect ratio 0.8 |

 Aim to predict for a NT-DEMO

1 _

e TCV 80157 |

—TCV 80159

== ]ET 105833
0.6 J | | \
0.2 0.3 0.4
NBI1 [ 3
. . . 0.4 |
* Experimental Strategy/Machine Constraints and Proposed pulses o5 oy 1 12

essentla’ clagnostic Device | #Pulses/Session | Development _
e All heating

* Standards for NT plasmas AUG

* May use baffles since focusing on top delta NT cases MAST-U
TCV 30 10
WEST
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#42 Effect of heating mix on RMP ELM suppresion access

] L/
Pmd [

(@)

MW

£ O 0 O N W & ONdy

FEEHH

* Proponents and contact person:

° WOIfga ng.SUttI'Op@lpp.mpg.de § E Mmmiiif energy (100 k) Outer divertor tlherrnocurrentjf
L0 PR
;f";f EE neSo pedestal electron density (H-5) N
£ 1op ' as puff * o
2 83 Ja—
40

* Scientific Background & Objectives
* RMP ELM suppression can be lost above a certain £

fraction of electron heating (ECRH)
- observed in DIII-D, AUG, KSTAR

* |s this a Ti/Te effect (as pulse 38900 in AUG might suggest)?

== g
(=]

kaV
= v tLt . DGD.ID_I._I._-.

=R m-h-mmbfu:h ==
|

* Proposal tries to differentiate between Ti/Te, plasma %E.E
rotation, and beta as candidate critical parameters 888

Time (8)

Proposed pulses

* Experimental Strategy/Machine Constraints and
AUG 21

essentlal diagnostic

Reproduce heating mix effect at different power levels
* Challenge Ti/Te hypothesis by keeping input torque constant and raise Ti by dilution (light

impurity [nitrogen] injection) MAST-U
* Challenge rotation hypothesis by changing plasma rotation without changing ion heating (NBI

power) but by minute deuterium gas injection and/or RMP current TCV
Need AUG with known reproducible requirements for ELM suppression:
low recycling conditions, low He content: start 5 shots after a fresh boronisation WEST
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#42 Effect of heating mix on RMP ELM suppresion access

(@)

; =
* TFLassessment: P1 »
* Proponents and contact person: | * Sci. Obj. 3, 4 addressed
Wolfgang.Suttrop@ipp.mpg.de . e Areduction of scope and so |
3 M shots requested looks »
* Scientific Background & Objectives 18 mandatory .
* RMP ELM suppression can be lost above a certain giﬁf"“ o “” A My st
fraction of electron heating (ECRH) E akl pedestal toroidal rotation (B5+). |
- observed in DIII-D, AUG, KSTAR 2 EE o N1 iﬂ'lw /
* Is this a Ti/Te effect (as pulse 38900 in AUG might suggest)? o _' e Moo
* Proposal tries to differentiate between Ti/Te, plasma : %ﬂﬁ.%ﬁ iy ——=kV SURRESSION o - - - —mode
rotation, and beta as candidate critical parameters 6851 nner divertor AXUV diode ASDEX Upgrade 3890(

3 4 5 6 7
Time (5)

Proposed pulses

* Experimental Strategy/Machine Constraints and
AUG 21

essentlal diagnostic

Reproduce heating mix effect at different power levels
* Challenge Ti/Te hypothesis by keeping input torque constant and raise Ti by dilution (light

impurity [nitrogen] injection) MAST-U
* Challenge rotation hypothesis by changing plasma rotation without changing ion heating (NBI

power) but by minute deuterium gas injection and/or RMP current TCV
* Need AUG with known reproducible requirements for ELM suppression:

low recycling conditions, low He content: start 5 shots after a fresh boronisation WEST
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@ #43 Develop a QCE at q95<<4 and if not possible understand why

E=1.7,6=0.3,nmr=5 X
* Proponents and contact person: 5 | uéqu:}libr%um /
* Benoit Labit, benoit.labit@epfl.ch 4 crit,n=int
 Scientific Background & Objectives s 3| Otmax, crit
* So far it has been difficult if not impossible to get QCE at q95<4 , |
by increasing plasma current Ip. -
 QCE at low BO have been obtained. 1 0g.99,crlit
* This is somehow problematic for extrapolation since 0 |
confinement scales with plasma current. 0-85 0.9 0-95 !
* Encountered issues: Lock modes, NTM, large ELMs, maybe short e = Gogeect (QCE) % | _
in power q| ugm:ax,c;itu(gfi ¢ ® o
_ I y=g.5};x1 5 . o O
* Experimental Strategy/Machine Constraints and > I 7Y
essential diagnostic |
* The ideais to play with plasma elongation to relax the constrain 37
on triangularity (large ELMs). : |
* According to the S_d parameter to get QCE, kappa is more 0 4 5 3 | 4 5 "
efficient than delta. Sy = K22(1+5)09
* Nevertheless by increasing kappa, one also increases P_LH so we Proposed pulses M. Dunne, EPS 2024
will rely on ECR heating via X3 to get more power. :
* The starting point will be the ITER shape developed on TCV at W
q95=6, kappa=1.7 and delta=0.5 TCV 95 &
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N : :
@ #43 Develop a QCE at q95<<4 and if not possible understand why

* TFLassessment: P1
) P“"B’"“i':tz_ta';d Cf:'rl‘t:t“épirssm e Sci. Obj. 1, 3 addressed
* Benoit Labit, benoit.labit@epfl.c . .
@
* Scientific Background & Objectives Testbed for valld:a"uon of
* So far it has been difficult if not impossible to get QCE at q95<4 QCE access conditions -
by increasing plasma current Ip. P /.\
 QCE at low BO have been obtained. Lf ﬂg_gchrit
* This is somehow problematic for extrapolation since 0 |
: . 0.85 0.9 0.95 1
confinement scales with plasma current.
* Encountered issues: Lock modes, NTM, large ELMs, maybe short e = .ﬂe.:d-;;e,;:rit. (QCE) *
in power | Qmaxcrit (PB) @ ® o
9 y=0.64x
—~ | y=U_5?x1~5 . o ©
* Experimental Strategy/Machine Constraints and > 6 . d
essential diagnostic c |
* The ideais to play with plasma elongation to relax the constrain 37
on triangularity (large ELMs).
* According to the S_d parameter to get QCE, kappa is more 0 T o 3 | 4 5 "

efficient than delta.

* Nevertheless by increasing kappa, one also increases P_LH so we Proposed pulses
will rely on ECR heating via X3 to get more power.

* The starting point will be the ITER shape developed on TCV at
q95=6, kappa=1.7 and delta=0.5

Sy = K22(1+5)09

M. Dunne, EPS 2024

W # Pulses/Session | # Development

TCV 25 €
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@) #185: Fast-ion transport in negative triangularity (P1-2025)

=

° Proponents and contact person: AUG #37391,t=7.0s (SUG #38457, t = 31 5

J. Rasmussen (DTU), T. Happel (IPP), M. Salewski, S. K. Nielsen
(DTU) et al. jeras@fysik.dtu.dk

* Scientific Background & Objectives

Recent results from DIII-D, TCV, and AUG show conflicting or
inconclusive results on fast-ion transport in 6 < 0 plasmas. It is
critical to get a better understanding of this as part of assessing
neg. triangularity as a contender for DEMO operation. To aid this,

we will:
- Quantify fast-ion transport at 6 < 0 across the AUG minor radius using full suite of
confined+lost fast-ion diagnostics — including CTS profile measurements (Figure)
- Identify evidence of anomalous transport and impact of Alfven Eigenmodes using
Possible CTS geometries for (left) edge and (right) core

fast-ion u:elnmty-space'tﬂmﬂgr:EII?I:ls:’ | . measurements in AUG 8§ < 0 plasmas [T. Happel+ 2023
- Scan |, —i.e. vary shaping possibilities and confinement — to evaluate the impact NF] and comparison to one of the AUG FIDA views (with

of & and t; on the above. angle to B of = 12°).

* Experimental Strategy & constraints

+  Bt=2.65 T for CTS, /, scan (400, 600, 800 kA) at & < 0 with NBI Q3 (for FIDA) + Q6/Q8
* ICRH to help drive AEs unstable. Low density for low v* and high fast-ion content Proposed pulses

* FIDA, NPA, FILD if available for confined/lost fast ions m # Pulses/Session | # Development

* G@Gyr6, 7, 8 for CTS at 105 GHz, with new CTS fast digitizer for continuous fast-ion measurements
AUG 3 3
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@) #185: Fast-ion transport in negative triangularity (P1-2025)

* Proponents and contact person: e TEL assessment: P2
J. Rasmussen (DTU), T. Happel (IPP), M. Salewski, S. K. Nielsen Better evaluate constrains

(DTU) et al. jeras@fysik.dtu.dk

* Scientific Background & Objectives

Recent results from DIII-D, TCV, and AUG show conflicting or
inconclusive results on fast-ion transport in 6 < 0 plasmas. It is
critical to get a better understanding of this as part of assessing
neg. triangularity as a contender for DEMO operation. To aid this,

we will:

- Quantify fast-ion transport at 6 < 0 across the AUG minor radius using full suite of
confined+lost fast-ion diagnostics — including CTS profile measurements (Figure)

- Identify evidence of anomalous transport and impact of Alfven Eigenmodes using
fast-ion velocity-space tomography

Possible CTS geometries for (left) edge and (right) core

. . o epees . , measurements in AUG & < 0 plasmas [T. Happel+ 2023
- Scan |, —i.e. vary shaping possibilities and confinement — to evaluate the impact NF] and comparison to one of the AUG FIDA views (with

of & and t; on the above. angle to B of = 12°).

* Experimental Strategy & constraints

+  Bt=2.65 T for CTS, /, scan (400, 600, 800 kA) at & < 0 with NBI Q3 (for FIDA) + Q6/Q8
* ICRH to help drive AEs unstable. Low density for low v* and high fast-ion content Proposed pulses

* FIDA, NPA, FILD if available for confined/lost fast ions m # Pulses/Session | # Development

* G@Gyr6, 7,8 for CTS at 105 GHz, with new CTS fast digitizer for continuous fast-ion measurements
AUG 3 3
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ﬁ) Summary of proposals (28)

L ol

17

18
19

20

21

22
23

24

25
28

29

30

Proposal name

Characterization of edge fluctuations for NT plasmas with
ballooning modes

Turbulent Edge/SOL Transport in EDA Regimes in TCV
Turbulence Properties in the Edge of NT Plasmas

Continued development of RMP ELM suppression scenario in
tight aspect ratio geometry

Exploration of the QCE regime in ASDEX Upgrade
Exploration of the QCE regime in MAST-U
EDA H-mode in AUG and TCV

Impact of resonant field amplification (RFA) on edge magnetic
structure and ELM control in high-beta plasmas

Investigating possible reasons of different NT performance in
AUG and TCV in view of iDTT NT scenarios

The role of the QCM in EDA H mode and its relation to the
QCE regime in AUG

I-mode access, power thresholds and confinement on WEST

Investigations of the first wall power loads at different
midplane separatrix positions in AUG

Margherita Ugoletti et al.

Miriam La Matina et al.
Thomas Pitterich

David Ryan

Michael Faitsch, Mike Dunne

Jessica Stobbs, Mike Dunne
Luis Gil

Yunfeng Liang

P. Mantica

Gustavo Grenfell, et al.

Amanda Hubbard, Laure
Vermare, et al.

Andreas Red|

P1/PB

P1
P1

P1

P1

P1
P2

P2

P1
P2

P1

P1

IReduce shot number
P2 for AUG / P1 for TCV

IMAST-U: combination with
H20

P1/PB for QCE part

IPB whenever possible

33

B. Labit | GPM | 18 November 2024




=
@) Summary of proposals (28)

No Proposal name Proposer Priority Comment

Detachment in high-power L-mode NT plasmas and comparison with| Garance Durr-Legoupil- IAssessment of missing
31 . P1

H-mode PT plasmas Nicoud, et al. parts needed
32 Development of a stationary QH-mode scenario Eleonora Viezzer, Samull P1 Reduce shot number

Saarelma
. : I : : Di J Cruz Zabala,

33 Negative triangularity in conventional vs spherical tokamaks €89 ns:t ;qu apala P2
34 Impurity transport in ELM-free scenarios in AUG Mike Dunne, et al. P1 If not done in 2024
3t Pnufer threshold density minimum in I-mode and edge ion heat flux Jan Cecrdle et al. b7

scaling
36 Advanced scenarios in negative triangularity Antonia Frank P1 Top priority for NT-TCV
37 Study of supershot-like scenario confinement on a ST Francesco Paolo Orsitto P3
38 Ex!:ansmn of thf_- stable beta_N negative-triangularity L-mode Stefano Coda b1 Prnpnsafl should be

existence domain streamlined
39 Using strongly negative triangularities on ASDEX Upgrade Jorg Hobirk P1
40 Development of NT on WEST and comparison with TCV Olivier Sauter P2 Experiments in 2024
41 Similarity experiments of NT plasmas on TCV towards DEMO Olivier Sauter P1
42 Heating mix effect on RMP ELM suppression Wolfgang Suttrop, et al. P2 Scope should be reduced
43 Why it is difficult to have a QCE at q95<4.5? Senot La:tlt;IO. 0 P1

Impact of special setting
185 Fast-ion transport in negative triangularity J. Rasmussen P2 for gyrotrons needs to be
better assessed
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Summary of P1 proposals

€ 1 shot-day
requested for RTO2-
NT-AUG

AUG  TCV MAST-U  WEST
QH #32  |#32 #32
#21,
QCE #30, #43 #22
#28, #34
41 #17, #25,
NT #39, #25 | 22 435,
m22 222 | 438, #41
EDA #34 #18, #23
I-mode #29
RMP #34, #42 #20
Provisional shot 45 120 48 15

allocation
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a : :
©) JET Analysis & Modelling Needs for RT02

- S
JET-QCE e TRANSP e ERO.2.0

e SOLPS-TER * Pedestal GK analysis

 Fluxes estimates at first wall e JINTRAC Coconut

 Target heat loads? Profiles?

JET-EDA * Data validation: HRTS, Ti, LPs, IR, * TRANSP
bolo * JINTRAC Coconut
JET-NT * TRANSP  Core GK analysis

* Edge GK analysis
* JINTRAC Coconut

 SOLPS-ITER
JET-SE * Pedestal structure & stability * Explore similarities with Q=10 ITER
* Explore I-mode-like scenarios ('no- pedestal, in collaboration with ITER
gas’ baseline, M21-11 pulses) (edge VP is primarily driven by

temperature gradients rather than Vn_ )
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