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DTT device

Divertor Tokamak Test facility (DTT)

R=2.19m/a=0.70m 6T /55MA
Break-even class device, pulse duration ~ 100 s

Pexi=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
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DTT Single Null Shapes ™ O
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Cross-machine NT experiments
lower 6 NT vs standard PT shapes

DTT (<

TCV

A. Balestri et al., PPCF 2024

AUG

L. Aucone et al., PPCF 2024
B. Vanovac et al., PPCF 2024

____________________________________________________________________________________________________

i - No experiments yet...

' - Only numerical analysis, comparing the reference PT H-mode full power scenaric
' with the NT L-mode option;

i - ASTRA-TGLF SAT2 predictive transport simulations;

' - GENE gyrokinetic flux-tube/global linear and nonlinear simulations; GENE-Tango.
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Experiments with DTT-like shapes and
transport conditions on TCV and AUG
ASTRA/TGLF and GENE modelling of results

LCFS:
0.5 ' ' 10.46
0.44

0.35

0.4 Average Triangularity

Pior
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Cross-machine NT experiments E /A
higher 6 NT vs standard PT shapes

____________________________________________________________________________________________________

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

DTT < i scenario with the NT L-mode option;

- ASTRA-TGLF SAT2 predictive transport simulations;
- GENE gyrokinetic flux-tube/global linear and nonlinear simulations; GENE-Tango.

Not published TNl

- Experiments with DTT-like shapes and
transport conditions on TCV and AUG
- ASTRA/TGLF and GENE modelling of results

TCV

Not published

LCFS

Last TCV session in July 2024 e : 046
. 04 044

One more planned with baffles Average Triangularity o3
0.3 - 4035

AUG

Not published

Last AUG session on 8th July 2025
Data still only partially validated
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Low o shape .

experimental results and modelling
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Turbulence drive: logarithmic gradients E )

()
and role of the edge L2/
20 ' ' ' 150 L | ,
. | TCV
- - NTL-mode, P\g=0.5 MW Beneficial effect of NT: i T Homode
15 —PT L-mode, P ;5=0.5 MW ! only at the plasma edge. | —NT L-mode
! %‘ 100 ¢ —PT L-mode ||
- Correletion with the o |
T\'U formation of a proto- — 50
pedestal in NT and |
with a reduced 0 | | |
transport in the SOL? 0.95 1 1.05 1.1
‘ ‘ ‘ ‘ " Pior
0 02 04 06 08 1 [ Frhmodeconw
111 * NT H-mode 2.9 MW | |
Pror 1000 & A0k l PT H-mode 1.5 MW
- 3 : NT L-mode 1.45 MW
800 \%jmii | | ]
NT H-modes in AUG: the kinetic profiles at the — B o[y, *ffaggggi :
edge are L-mode-like. = My ii Sﬁg |
(b) : : ; 0 Vo R
In general: NT seems to develop a proto-pedestal that 08 085 09 085 1 105 1

S|tS between a L_mOde edge and a H-mOde pedeStal' A. Mariani | EFTC 2025 | Aix-en-Provence | Sept 2025| 8 /20



First DTT NT shape: low delta (LD): SUMMARY E )

TCV: exceptionally
beneficial effect of NT

Pt [KPal

—PT H-mode, P 5 =1 MW

o5 #73391 —NT L-mode, P, ;=0.5 MW
—PT L-mode, P, =05 MW
| #73382 : _
20 Experiment
151 |
10t
51 TCV #73388
b
0 (b) | | .
02 04 06 08 1
ptor

TCV: experiment:

NT L-modes reach the
central n,T of PT H-modes
with double power.

p, [kPa]

60

40

)
\E’/)

AUG/DTT: milder effect

. —— PT H-mode, Pg,=2.9 MW 1000 —— .
436157 |—NT H-mode, P, =2.9 MW —PT H-mode
—_ PT H-mode, P —-1.45 MW 8001 [——NT L-mode | 1
k}{lOMS e o Pecrr=32 MW,
I ‘ -~ NT L-mode, P_.....=1.5 MW
| #40647 ECRH S 600} P cru=8 MW,
s Experiment 3 Pug=10 MW,
| 440866 o~ o 400 for both scenarios |
I RNRN ASTRA-TGLF
AUG - 200 || predictions
(c) ,[(8) Simulation
02 02 os o8 1 0O 02 04 06 08 1
. ’otor
o
tor

AUG: experiment:

NT H-modes: smaller
pedestal than PT H-mode
with the same power.
However, similar pressure
and much weaker ELMs.

DTT: ASTRA-TGLF SAT2 with BC
at pror = 0.94:

NT L-mode underperforms PT H-
mode, but still NT has a total
pressure 80% of the PT
counterpart, with good
performance in absence of ELMs;
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Different strength of NT stabilization E =
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
Ssimulations (next slides)
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Linear GENE gyrokinetic simulations: DTT vs TCV E 7 5‘,‘)

’&
. . s From NL
2 ><_10_ o PT H-mode 5 x10 ; - 5 x10 f|UX€S
e Ja (6) TOV] =08 © OV =05 '
151 |22 550 iing . 1 el 1. 1.5 e ] 9./q; = 0.54-0.46
i @ @ A
% | [rac0e g il g, (DTT PTH-NTL
> |DTT‘ : “, - - at p,, = 0.85):
05 4 0 ~+PT L'mode l 05 ~~PT Lmode PT/NT ITG
—e—NT L-mode —o—NT L-mode
/ DT ahape, NT praies j/ BT ahape, NT profies
% 05 | 15 : 1 s 2 % 05 1 s 2 9e/; = 0.77-1.62
kyPs ' kyPs ' ' kyp ' (TCV PTL-NTL
4x;05 3 x10° — at p,,, = 0.8): PT
2_( ) ,1© TCV|[ri =08 more ITG, NT
g g more TEM
Z o[/ 7 Q)
ER g0 g 0./q; = 1.05-1.85
3 > 5 (TCV PT H-NT L
4} — .
e 2 at p,, = 0.95):
S o5 .1 15 2 3 R — PT balanced,
C Kk ' C ks NT TEM

* 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 (@)
\;’&))

g0t ‘ DTT, pmlr=0.85 } DA; | ‘ TCV, p,,,=0.95 ||

' ol = j DTT, ITG dominant: one studies
g “f--ps oy g o5 e - the T; stiffness
= mme, = osf - ]
& Q*TRART Hmode| & 0.4

20} —~ @"™PANT L-mode ol T e e .

TCV, more TEM overall: T, stiffness
4§20, NT prof. NT PT §<0, PT prof. 0 PT w/ NT prof. NT PT NT w/ PT prof. L. .
i * TCV: the exp. beneficial effect of NT is
120 T T 1 T T T ;
o i } recovered; very low T, stiffness.
100 NT shape, PT profiles P 1
g 081 5-p7 shape, NT profiles } )

N p < 06| |« DTT: beneficial effect of NT at p,,, =0.85:
= | = . .
R Fos| _ only found when keeping fixed the PT H-

of fé{r o e — mode profiles:

20+ J t im TTESSS ] 0.2 TCV, o, =0.95

(© |50 i NT) NT rates @@
00 2 4 a"'LTi 6 8 10 cPD 2 4 a‘fLTs 6 8 10

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
kyps = 0.3):

Compare:

TCV NT
with DTT LD
shape

Ul —eNT
PT shape, NT profiles

0 0.2

0.4, 06 0.8 1

TCV | fior

//’3\

~750 linear GENE simulations, sampling
a subsection of the (a/L7;,a/L,) plane for
the two cases;

Ranging from TEM-dominant to ITG-
dominant micro-instability regime, since
n; = L,/ Lr; drives the ITGs;

Compute the ratio
Y(NT)/y(NT profiles, PT shape) Vs
(a/Lti,a/Ly), to see where it is minimum.
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N
Hypotesis confirmed: max NT stabilization for mixed ITG-TEM E /'(\ ;,\\
\\-¢
] v alc (NT)vsHIL."FIIL . Talc (PT) vs FI/L.I.I FIIL
: £ B> ,. h Linear NT stabilization:
) 1SN fos 438 Maximum closeto w = 0
E (08 1N (08
S o7 Lo EAS ~ ITG/TEM boundary
06 Y 06
) 05 2N I 05
1 0.4 1 04 6 7 r’cs (NT/PT) 'vs R'!Lﬂ’m"n ;
06 8 10 12a/|_|_14 16 18 20 BG - 8 10 12a/|_|_14 16 18 20 5 ). F ’ -+ ’;:' 0.0
i — —_— i 4 >
Ptor = 0.95, kyps = 0.3 K go
walc  (NT) vs R/L,R/L walc, (PT)vs R/LRIL 4 = 0.8
¢ | & 08 _ S
0.6 ﬁ 3 0.7
0.4 ’
0.2 2 ! 06
0
0.2 1 0.5
-0:6 oL 0.4
-0.8 6 8 10 12 14 16 18 20
-1 afl_rl
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TCV and AUG: predictive ASTRA-TGLF simulations (N

—
=2
- 7
1.4 !iﬁ:'i NT L-mode ; ;
1.2 !il t Dashed: exp. fit i
— 14 : Solid: ASTRA-TGLF. o 5
S = E
2 o8 ® >
e . =]
0.6 = 23
0.4 TCV c 2
0.2 1
0 02 04 06 08 1 0
Pror
s 5 TCV
F AUG| AUG 1FEES
4t N 4 . .
N « Only partially reproduced, T is

strongly underestimated

T [keV]

e
n

AUG

=29 MW |

(d) PT H-mode, Piop, =

0
0 0.2 0.4 0.6 0.8 1
ptor
\ \ » Perfectly reproduced,
o5k \AUG| o5l AUG
5 2 NT H-mode, P Lo 1.5 MW = 2
215 2 5
o -
i oy
0.5 Sk 05}
(g) PT L-mode, P, =1.45 MW (h)
0 0
0 0.2 0.4 086 0.8 1 0 0.2 0.4 0.6 0.8 1
Pror Pror
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ASTRA -TGLF analysis for TCV NT L-mode: GENE global+TangoE \(‘f’\,\)

0.5 1 0 0.5 1

P
tor
Pror Pror

e Electron temperature well reproduced
e 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)

. _ _ Density: still
GENE T, is not collapsing as with TGLF evolving to match

the particle source

GENE-Tango

2-species (carbon neglected)

0 0.5 1

x/a

’Otor
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High 6 shape :

experimental results and modelling
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DTT h

Te [keV]

Ti (keV]

12

10

12

10

igher & NT predi

Te NT high delta
— — -Te NT low delta

rhotor_n

Ti high delta
— — - Tilow delta
Ti

rhotor_n

ne [E19 m-3]

pressure [keV E19 m-3]

25

ctions :

Miller

E/

20

15

10

= — =
-~

ne PT

ne NT high delta
= = -ne NT low delta

45 MW power

and pedestal top in PT

central T values

0.2

0.4

rhotor_n

0.6

I
0.8

400

300

200

100

— pressure high delta
— — - pressure low delta
pressure PT

1
0.2

rhotor_n

y
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] ASTRA/TGLF SAT2 ( Miller
geometry) up to p=1in NT

 The high 6 shape improves

 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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High fidelity prediction: DTT NT HD AN
scenario: GENE +Tango E )

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:

« fastions: not included in the modeling;

[keV]

* 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 Z fixed
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DTT - initial profiles: GENE global DO

Full physics retained: full EM + collisions (dashed: integral of the source)

250

300
250 200+
g 200 150!

; 150
o’ 100 100
50 50

U -

0

Large overestimation of fluxes, electrons are almost fully EM -> remove the EM
fluctuations and try to single out its contribution.
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DTT - initial profiles — ES: GENE global E (gj,})

Turn-off electromagnetic fluctuations (dashed: integral of the source)

100

80

60

Q- S [MW]

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) E 7®)

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

12 : 3.5 X107 :
- Solid: GENE-Tango ’ Solid: GENE-Tango
10 IREN .. Dashed: ASTRA-TGLF 3 Dashed: ASTRA-TGLF GENE-Tan go:
_ | \ e » slightly underpredlgts T;,
2 6 ions -~ . | « strongly underpredicts T,
[ o

« strongly overpredicts n,
compared with ASTRA-TGLF.

2

Issue: strong pinch at the edge:

/ possible solution: decouple T,
and I; by adding gyrokinetic

impurities

Fluxes/
sources:

I Area [1/s]

/ N
. 4

02 03 04 05 06 07 08 02 03 04 05 06 07 08 02 03 04 05 06 07 08
Pror Pror Pror
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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

2r

181

161

14r

0.2

. — 14
e NT | NG@F  TTm--__

NT-hd -~ &
PT Hold ? 12
PT H new &
® PTLold o o
g i
________ i..r' |
) .— ——————— —Dc:“__&
g - . 3
o 6
_____________________________ >
4,
2,
: 0
5 6 7 8 9 10 0

Pn W] %10°

NBI

—PTHP, =08 MW

——NT old P, ,,=0.35 MW/| |
—PTLP ;=035 MW |

——NT-hd P 5,=0.35MW ||

0.2 0.4 0.6 0.8 1
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Linear gyrokinetic runs (changing the shape, E /22
keeping NT profiles fixed)

Kinetic profiles from NT HD L-mode

Shapes
0.4 ‘ 1 ‘
PT L-mode < —o—reference
03 with NT HD %= — — nz=128
0 8 ,L'mode ) S — — nz=32
02t " | profiles N —nv=128
nw=24
0.1 —s—w PT shape
ol » 06 5 nv=48 (as NL)|| »
£ o 7 ~
= < ©
N o1 =
04r 3
0.2
o3 02F
04
Yy 0.8 1 12 0 ‘ ‘ ‘ ‘
R [m] 0 1 1.5 2 0 0.5 1 1.5 2
KyPs k,p

Direct stabilizing effect of NT
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Flux tube GENE simulations for TCV high / low 6 shapes E )

/"

&1

—

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

diamagnetic direction, according to linear runs.

Tyt (MW]

v

6

—4-NTLD

4~ PT shape, NT LD profiles

_ —$=NTHD

-4 PT shape, NT HD profiles

g

#

NT stabilization, HD —

NT stabilization, LD

TCV,p, =0.95

2

4

\

6
all

Te

8

1 & v
Vo W‘%

10

12

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.
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AUG higher & NT vs lower 5 NT E 7

Z[m]

0.8

0.6

0.4

0.2

-0.21

-0.4

061

-0.8 ]

[—a40866 LD |
—— 43484 HD

1.2

1.4

16
R [m]

1.8

\
),
Z

(
|
W

Sessions on 13-16 May and 8 July

High & shape developed on AUG and optimized—>
upper 6 moved from -0.33 to -0.5 (lower 6~ +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 6 NT vs lower 6 NT

@
£ 20

1e22 eV m™

= S = I - -

~ 1.5ECH +5 NBI

0.2

0.2

0.4

0.4

p‘for

06

0.6

—Pe661
—Pe841 -

40

—FPe881 |, 30

0.8 1

—Pig6 1
—Pig41
—FPig8 1

0.8 1

1e22 eV m™®

1e22 eV m

N
o

—_
o

o

\
),
Z

(C
W

=
W
_ 1.5ECH+7.4NBI

—ress2, 40866 LD L-mode shot (unfavourable drift)

—Pe842

—Pe 882 -

43484 HD L-mode (favourable drift) gas

43488 HD L-mode (favourable drift) pellets

02 o4 08 08 1 HD shots tend to have lower density

—Pi662

—nu2  and higher temperatures than LD shots
Pressure is basically unchanged from LD
to HD, differently from TCV

3 o: os os , Pelletfuelling to increase neutrals in the
Pror higher 6 region did not increase
performance
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DISCUSSION and CONCLUSIONS T @

/,

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 & case
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