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DTT device

R=2.19 m / a =0.70 m    6 T  / 5.5 MA

Break-even class device, pulse duration ~ 100 s

Pext=45 MW  29 ECH   10 NBI   6 ICH

- Superconducting magnetic field coils

- Full-W actively cooled plasma facing components

- Flexibility in installing different divertor configurations

Main mission:
Study power exhaust in reactor relevant conditions, as a 
core-edge integrated problem

Divertor Tokamak Test facility (DTT)
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DTT Single Null Shapes

Upper triangularity
δup = 0.4

Lower triangularity

δlow = 0.48

Positive Triangularity (PT)

Upper triangularity
δup = – 0.35

 

Lower triangularity

δlow = 0.05

Upper triangularity
δup = – 0.5

Lower triangularity

δlow = 0.05

Negative Triangularity (NT)
lower δ                                            higher δ

Ip=5.5 MA

Ip=4 MA
Ip=3 MA
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Cross-machine NT experiments
lower d NT vs standard PT shapes

DTT

TCV

AUG

A. Mariani et al., NF 2024

A. Balestri et al., PPCF 2024

L. Aucone et al., PPCF 2024

- Experiments with DTT-like shapes and 
transport conditions on TCV and AUG

- ASTRA/TGLF and GENE modelling of results

Average 
Triangularit

y

- No experiments yet…
- Only numerical analysis, comparing the reference PT H-mode full power scenario 

with the NT L-mode option;
- ASTRA-TGLF SAT2 predictive transport simulations;
- GENE gyrokinetic flux-tube/global linear and nonlinear simulations; GENE-Tango.

Average Triangularity

B. Vanovac et al., PPCF 2024
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Cross-machine NT experiments
higher d NT vs standard PT shapes

DTT

TCV

AUG

- Experiments with DTT-like shapes and 
transport conditions on TCV and AUG

- ASTRA/TGLF and GENE modelling of results

- No experiments yet…
- Only numerical analysis, comparing the reference PT H-mode full power 

scenario with the NT L-mode option;
- ASTRA-TGLF SAT2 predictive transport simulations;
- GENE gyrokinetic flux-tube/global linear and nonlinear simulations; GENE-Tango.

Average Triangularity

Not published

Not published

Not published

Last AUG session on 8th July 2025

Data still only partially validated

Last TCV session in July 2024

One more planned with baffles
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Low d shape : 

experimental results and modelling
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Turbulence drive: logarithmic gradients 
and role of the edge

NT H-modes in AUG: the kinetic profiles at the 
edge are L-mode-like. 

Beneficial effect of NT: 
only at the plasma edge.

Correletion with the 

formation of a proto-

pedestal in NT and 
with a reduced 

transport in the SOL?

In general: NT seems to develop a proto-pedestal that 

sits between a L-mode edge and a H-mode pedestal.
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First DTT NT shape: low delta (LD): SUMMARY

TCV: exceptionally 

beneficial effect of NT
AUG/DTT: milder effect
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Different strength of NT stabilization 
for TCV and AUG/DTT

- C (TCV) vs W (AUG/DTT) wall but, no variation in Zeff and C concentration is seen 

between PT and NT in TCV; in addition, ongoing gyrokinetic analysis seems to point 

out that switching from C to W impurity does not affect the NT stabilization.

- Neutral penetration larger in TCV ➔ tested by injecting shallow pellets in AUG 

(shown in the following part on high delta NT shape)

- Mixed ITG-TEM (TCV) vs ITG-dominant (AUG/DTT): check with gyrokinetic 
simulations (next slides)
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Linear GENE gyrokinetic simulations: DTT vs TCV

qe/qi = 0.54-0.46 
(DTT PT H-NT L 

at ρtor = 0.85): 
PT/NT ITG

qe/qi = 1.05-1.85 
(TCV PT H-NT L 

at ρtor = 0.95): 
PT balanced, 

NT TEM

qe/qi = 0.77-1.62 
(TCV PT L-NT L 

at ρtor = 0.8): PT 
more ITG, NT 

more TEM

From NL 
fluxes:

• AUG: ITG-dominant for ECH only cases, due to large Pei;

• SUMMARY: DTT-AUG are more ITG-dominant, TCV has more balanced ITG-TEM 
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Nonlinear gyrokinetic simulations

DTT, ITG dominant: one studies 

the Ti stiffness 

TCV, more TEM overall: Te stiffness

• TCV: the exp. beneficial effect of NT is 

recovered; very low Te stiffness.

• DTT: beneficial effect of NT at ρtor =0.85: 

only found when keeping fixed the PT H-

mode profiles;

It seems that being in a mixed ITG-TEM state like in TCV is beneficial: test for the 

TCV case with GENE (next slides, new results)
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Different linear NT stabilization for ITG and ITG-TEM?

Numerical 

test (single 

𝑘𝑦𝜌𝑠 = 0.3):

Compare:

TCV NT 

with DTT LD 

shape

Same case 
with DTT PT 

shape

• ~750 linear GENE simulations, sampling 

a subsection of the (𝑎/𝐿𝑇𝑖, 𝑎/𝐿𝑛) plane for 

the two cases;

• Ranging from TEM-dominant to ITG-
dominant micro-instability regime, since 

𝜂𝑖 = 𝐿𝑛/ 𝐿𝑇𝑖 drives the ITGs;

• Compute the ratio                            

𝛾(𝑁𝑇)/𝛾(𝑁𝑇 𝑝𝑟𝑜𝑓𝑖𝑙𝑒𝑠, 𝑃𝑇 𝑠ℎ𝑎𝑝𝑒) vs 
(𝑎/𝐿𝑇𝑖, 𝑎/𝐿𝑛), to see where it is minimum.



A. Mariani | EFTC 2025 | Aix-en-Provence | Sept 2025|         14  / 20

Hypotesis confirmed: max NT stabilization for mixed ITG-TEM

Linear NT stabilization:

Maximum close to 𝜔 = 0
~ ITG/TEM boundary

ITG

ITG

ITG

TEM TEM

TEM

𝜌𝑡𝑜𝑟 = 0.95, 𝑘𝑦𝜌𝑠 = 0.3
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TCV and AUG: predictive ASTRA-TGLF simulations

TCV

• Only partially reproduced, Ti is 
strongly underestimated

AUG

• Perfectly reproduced,
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ASTRA -TGLF analysis for TCV NT L-mode: GENE global+Tango

● Electron temperature well reproduced

● Large underestimation of ion temperature and slight underestimation of the density

GOAL: compare this to higher fidelity GENE+Tango global simulation of steady 

state. Are we missing physics? Global effects?
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Exp., ASTRA-TGLF and GENE (global)-Tango (ongoing)

GENE-Tango

ASTRA-
TGLF

GENE Ti is not collapsing as with TGLF 
Density: still 
evolving to match 

the particle source

2-species (carbon neglected)
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High d shape : 

experimental results and modelling
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DTT higher d NT predictions : Miller

45 MW power

•  ASTRA/TGLF SAT2 ( Miller 

geometry) up to r=1 in NT 

and pedestal top in PT

• The high d shape improves 

central T values

• NT core pressure is reduced 

by ~ 10% wrt PT H-mode 

➔ NT scenarios in DTT will 

allow L-mode edge operation 

with good core performance
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Goal: Compare ASTRA-TGLF prediction with higher fidelity profile prediction via the 

GENE-Tango framework

Profiles predicted with ASTRA considering main ions, 
electrons, Ar, W and fast ions. Computationally very 

expensive to include 5 kinetic species in global GENE, 
hence:

•  fast ions: not included in the modeling;

•  W: not included in the kinetic modeling but radiation 
power accounted for in Tango;

•  Ar: considered as dilution species in GENE;

This allows us to evolve ion and electron pressures and 
electron density using the same electron source as 

ASTRA, keeping Zeff fixed 

High fidelity prediction: DTT NT HD 
scenario: GENE +Tango
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DTT - initial profiles: GENE global   
Full physics retained: full EM + collisions (dashed: integral of the source)

Large overestimation of fluxes, electrons are almost fully EM -> remove the EM 
fluctuations and try to single out its contribution.

ES
flux

EM
flux

ES+EM
flux
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DTT - initial profiles – ES: GENE global 
Turn-off electromagnetic fluctuations (dashed: integral of the source)

Large overestimation in the core remains, together with inwards particle flux, probably in 
part due to missing EM stabilization.
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DTT GENE local EM +Tango (ongoing)

Fluxes/

sources:

GENE global+Tango: became computationally unfeasible after few iterations, due to issues on the 

cluster ⟹ GENE local+Tango 

GENE-Tango:

• slightly underpredicts Ti,

• strongly underpredicts Te,

• strongly overpredicts ne,

compared with ASTRA-TGLF.

Issue: strong pinch at the edge: 

possible solution: decouple Γ𝑒 

and Γ𝑖 by adding gyrokinetic 

impurities 
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Experiments at TCV with High Delta  NT shape

▪ At same heating power, NT HD performs better than NT LD

▪ NT HD reaches the same central pressure of PT H-mode more than twice the power
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Linear gyrokinetic runs (changing the shape, 
keeping NT profiles fixed)

Kinetic profiles from NT HD L-mode

Shapes

Direct stabilizing effect of NT



A. Mariani | EFTC 2025 | Aix-en-Provence | Sept 2025|         26  / 20

Flux tube GENE simulations for TCV high / low d shapes

• Direct NT stabilization: much increased

with the NT HD shape;

• NT direct effect: even larger than in the 

experiment. Other parameters that

change between PT/NT HD pulses with 

same input power partially compensate it.

The Te stiffness is investigated, since the main micro-instabilities rotate in the electron 

diamagnetic direction, according to linear runs. 

NT stabilization, HD

NT stabilization, LD
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AUG higher d NT vs lower d NT

Sessions on 13-16 May and 8 July

High d shape developed on AUG and optimized→ 

upper d moved from -0.33 to -0.5 (lower d~ +0.05)

L-mode edge achieved in AUG with the HD shape 

even in favourable drift configuration

Shallow pellets injected at 5-10 Hz to mimic the TCV  

higher neutral penetration
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AUG higher d NT vs lower d NT

40866 LD L-mode shot (unfavourable drift)

43484 HD L-mode (favourable drift) gas

43488 HD L-mode (favourable drift) pellets

HD shots tend to have lower density

and higher temperatures than LD shots

Pressure is basically unchanged from LD 

to HD, differently from TCV

Pellet fuelling to increase neutrals in the 

higher d region did not increase 

performance
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DISCUSSION and CONCLUSIONS

• The cause of the different behaviour between TCV and AUG/DTT is still unclear, and is key to 

reliable projections towards NT scenarios in future reactors

• Amongst the possible hypotheses investigated, the most likely seems the difference in edge 

turbulence: AUG and DTT are ITG dominant, TCV is balanced ITG-TEM. There are hints 

from the gyrokinetic analysis pointing out that being in a mixed ITG-TEM state could be 

beneficial for NT stabilization.

• DIII-D shows strong NT effects as TCV and also TEM-like modes propagating in the edge  (e.g. 

S D Stewart et al 2025 Plasma Phys. Control. Fusion 67 025032)

• However, even in the case of AUG and DTT, NT scenarios can be achieved without ELMs 

and still good core pressure levels (-10% from PT H-modes), which make them possible 

candidates for ELM-free operation in addition to other ELM-free PT options (QCE,EDA, XPR-

CRD, I-mode, etc).

• DTT will contribute to NT studies from its early phase, providing new NT data in a plasma 

scenario more relevant to future reactors

• GENE-TANGO simulations ongoing for the DTT high d case
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