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Summary. — The scenario integrated modelling is a top priority work during
the design of a new tokamak, as the Divertor Tokamak Test facility (DTT) under
construction at the ENEA Research Center in Frascati. The first simulations of
the main baseline scenarios contributed to the optimization of the DTT project,
particularly with regard to the machine size and heating systems, besides serving as
reference for diagnostics design. In this paper we report the first simulations of the
full power baseline scenario in the final configuration of the machine and heating
mix.

1. — Introduction

In the European Roadmap towards thermonuclear fusion power production, studying
the controlled exhaust of energy and particles from a fusion reactor is a top priority
research item. This is the main goal of the Divertor Tokamak Test facility (DTT), a new
D-shaped superconducting tokamak (R = 2.19m, a = 0.70m, W first wall and divertor,
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vacuum toroidal field By < 5.85T, plasma current [, < 5.5MA, pulse length <100s,
auxiliary heating <45 MW), whose construction is ongoing in Frascati.

In support of the device design, it is a key priority to achieve multi-channel simulations
of DTT scenarios based on state-of-the-art first-principle quasi-linear transport models.
This integrated modelling, started less than 3 years ago, is widely described in [1]. This
work led to the decision of a machine enlargement (in the previous configuration R =
2.14m and a = 0.65m) with consequent auxiliary heating system upgrades.

This paper reports first results of integrated modelling of the full power baseline
scenario for the DTT final configuration.

2. — The integrated modelling

These integrated simulations solve the transport equations for heat, particle, and
momentum using a quasi-linear transport model in a self-consistent magnetic equilibrium
and with heating profiles also calculated consistently. Steady-state radial profiles of main
ion and electron temperatures and densities, impurity densities, rotation, current density,
and other physical quantities were predicted for the full power (FP) reference scenario
with the Single Null (SN) magnetic configuration with positive triangularity during the
flat-top phase.

2°1. Full power reference scenario heating. — DTT will be equipped with three auxiliary
heating systems in the FP reference scenario (Br = 5.85T, I, = 5.5MA), to supply
around 45 MW to the plasma.

Particularly, it will include 32 gyrotrons at 170 GHz gathered in 4 ECRH clusters with
an installed power of 1 MW from each gyrotron (~0.9 MW to the plasma per gyrotron),
4 RF two-strap antennas operating at 60-90 MHz assembled in 2 ICRH modules with
an installed power of 2MW from each antennas (~1.5 MW to the plasma per antenna),
and a negative-ion—based NBI system composed of one injector at 510keV providing a
power of ~10 MW to the plasma. In this work, the RF antennas operate at a frequency
of 90 MHz, using hydrogen as minority species with a concentration of 5%.

2'2. Simulation settings. — The simulation of the FP scenario was performed using
both the ASTRA [2] transport solver and the JINTRAC [3] suite of codes within an
iterative ASTRAJINTRAC scheme to obtain a high complexity run. Indeed, this mixed
method allow us to have a much faster ASTRA run combined with advantageous con-
tributions of the JINTRAC codes (especially, impurity and heating codes). Particularly,
the JINTRAC runs employ interpretative T,, T;, and n, profiles taken from the previous
ASTRA step, while the ASTRA runs uses prescribed profiles of impurities, radiation,
and heatings provided by the previous JINTRAC step.

The heat and particle transport equations are solved from the plasma centre up to
the top of the pedestal. Particularly, the neoclassical transport is calculated by the
NCLASS [4] model, while the turbulent transport is calculated by TGLF SAT2 [5],
which is a gyrofluid electromagnetic quasi-linear model with shaped flux surfaces. The
toroidal rotation is predicted using a theory-driven empirical model [6-8], keeping fixed
the Prandtl number x,/x; = 0.7 and adjusting the pinch number RV, /x; using the
parameter dependences given in [7,8] (more details in [1]).

The MHD equilibrium is self-consistently recalculated by the equilibrium solver ESCO
in the JINTRAC steps and by the SPIDER [9] code in the ASTRA steps. The plasma
boundary is kept fixed to that of the starting reference DTT plasma equilibria provided
by the free boundary CREATE-NL [10] solver.
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Fig. 1. — On the left, radial profiles of T., T}, ne, wior, and |g| in the FP SN PT scenario calculated
by TGLF. On the right, radial profiles of seeding gas density, tungsten density, radiative power,
effective charge, Qe tot, and Q; tot-

Two impurities are included in the run: argon as seeding gas, used to enlarge the
edge radiative dissipation decreasing the divertor power load, and tungsten, coming from
the divertor and the first wall. Radiation and impurity densities are calculated by the
SANCO [11] code during the JINTRAC stages, treating the ionisation states separately
and setting an impurity density ratio nw/na, = 0.01. Then, these profiles are simply
taken from JINTRAC and used in ASTRA, which presently is not equipped with an
impurity code.

In the pedestal region, the kinetic profiles are fixed to the values calculated previously
by an Europed [12] run using the EPED [13] model. In the Europed simulation, 8,0 =
0.55, Tyep = 130€V, ne pea = 1.4 % 1020/ m?3, and a relative shift between n, and T, tuned
to obtain negep ~ 8 X 1019/m3, and argon as impurity with Z.g = 1.8 were set. The
Ne ped Value has been tuned to reach the Greenwald fraction target value of (n.)/ng~0.45
(where ng is the Greenwald density as defined in [14]).

Heating and current drive are computed several times during the JINTRAC steps by
specific codes and then these profiles are fixed to the JINTRAC calculations during the
ASTRA steps. The PENCIL [15] code and the PION [16,17] code calculate the NBI and
the ICRH power deposition respectively. The synergy effects between NBI and ICRH
systems result non-negligible. Currently, the ECRH power density calculations by the
GRAY [18] code are being included in the integrated modelling with poloidal and toroidal
beam angles tuned to have an EC current drive which moves the ¢ = 1 point inward to
reach a more stable condition.

Furthermore, in the JINTRAC steps of the simulation, the total neutron number is
calculated in the JETTO simulations as the sum of neutrons produced by the fusion
reactions between: two thermal nuclei, a thermal nucleus and a fast nucleus of the NBI
beam, a thermal nucleus and a fast nucleus of the ICRH minority species.

So far, the modelling does not include ELMs (Edge Localised Modes) and sawteeth,
hence the profiles presented here depict the condition of saturated recovery after a saw-
tooth crash.

Thanks to these simulation settings, the edge values of the integrated modelling pre-
sented here result compatible with conditions for the detachment.
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2'3. Full power scenario results. — The predicted radial profiles of electron temperature
T,, ion temperature T;, electron density n., rotation wy.,, safety factor ¢, argon density,
tungsten density, radiative power P,,q, effective charge Z.g, total electron power density
Qe tot, and total ion power density @; ot are shown in fig. 1. The total power densities
are calculated including the thermal exchange power between electrons and ions due
to the collisional coupling. At the plasma centre, T, o ~ 18.0keV, T; o = 9keV, and
Neo = 2.05 x 102°/ m? values are reached.

We notice that T, > T; over almost all plasma radii. For T, /T; > 1, the threshold of
the ion temperature gradient modes (ITGs) is low and TGLF predicts high ion stiffness,
so T; cannot increase in spite of the collisional power flowing from electrons to ions. A
possible way to equilibrate more the two temperatures would be increasing the electron
density to enhance the collisional coupling. However, due to the shallow dependence
of the ITG threshold on T./T; > 1 in this parameter region, this would result more in
electron temperature reduction than in ion temperature growth. Furthermore, the n.
increase is limited by the ECRH cut-off.

We also note from fig. 1 that impurities do not significantly accumulate in the centre.
The total neutron rate approximately equal to 107 neutrons/s is compatible with the
present design of neutron shields with a good safety margin.

3. — Conclusions

The steady-state simulation of the flat-top phase of the DTT full power baseline
scenario with the recently finalised device configuration is now available.
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This work has been carried out in the framework of the DTT design. The authors
are very grateful to all colleagues involved in the DTT project for their essential contri-
butions. The first author has worked under a PhD grant financed by ENEA.
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