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Deliverable 2: Interpretive and predictive tools regarding NT stability in terms of MHD (e.g., β- and 
current limits, both global and in the pedestal) and extended MHD (e.g., exploring kinetic and 
plasma compressibility effects).
Milestone Description Participants Target date
M2.2.1 Use HYMAGYC to investigate kinetic corrections to MHD G. Fogaccia 12.2021
M2.2.2 Use HYMAGYC to investigate Alfvénic modes driven by 

energetic particles, with particular reference to DTT NT 
equilibria

G. Fogaccia 12.2023

M2.2.3 Use HYMAGYC to investigate the kinetic effects of energetic 
particles and core ions on the renormalized plasma inertia 
(compressibility) in scenarios of interest to plasmas close to 
ignition

G. Fogaccia 12.2025

Deliverable Description Participants Target date
D2.2 Report on MHD stability properties of NT equilibria, including 

non-ideal effects in NT DTT equilibria and pedestal studies
A. Merle, G. Fogaccia 12.2023

Deliverable 5: Predictive capability of the effect of shaping on fast ion confinement. 
Deliverable Description Participants Target date
D5.2 Report on fast particle confinement and fast particle driven 

instabilities in NT 
M. Vallar, G. Fogaccia 12.2023
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The aim of our activity in 2023 is/will be to investigate the MHD stability, in particular the 
stability of Alfvénic modes driven by energetic particles, in DTT scenarios, with particular 
reference to the comparison between positive and negative triangularity equilibria.

Recently, a new DTT scenario has been developed, to allow an updated divertor 
configuration: this new, full power scenario, labelled v15, is a Single Null (SN), Positive 
Triangularity (PT) one with a cross section shifted upward by approx. 12-14 cm w.r.t. the 
previous scenarios, and results in an equilibrium with the magnetic axis above the 
equatorial plane. Among other consequences, this would result in  Negative Neutral 
Beams which will not pass through the plasma center, and, thus, in Energetic Particle 
radial density profiles peaked off-axis. 
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simulations presented in this work, flat-top plasma profiles and impurity 
content from the latest available predictions are used, being generated 
by 1.5D transport models described in [16]. Main ion (D) and electron 
kinetic profiles are shown in Fig. 3. For beam ionization and fast ion 
slowing down, ASCOT takes into account also impurity density profiles, 
in our case Ar and W. In the present contribution ASCOT is run as a 
stand-alone code, not modifying the plasma profiles shown in Fig. 3. 
However, these profiles already take into account NBI, as described in 
[16]. 

3. Results 

3.1. Effect of plasma vertical shift 

First analyses on DTT NBI “eq. injection” configuration showed that 
the beam ionization is very effective, due to the high-density plasma. Co- 
current, tangential injection minimizes orbit losses [20], and the high 
energy of the particles help the beam to penetrate effectively beyond 
plasma edge region. As result, the beam losses are negligible. Due to the 
high-energy of the beam, the majority of fast ion energy is deposited to 
thermal electrons (~ 60%). NBI current drive represents ~ 5% of the 
total plasma current. NBI is a source of particles in the plasma, but for 
the DTT case analysed here, NBI fuelling is two orders of magnitude 
lower than the required gas puffing rate, being therefore negligible. 

ASCOT has been then used to evaluate the effect on beam absorption 
when the plasma is rigidly moved upward as in “plasma vert. shift” 
configuration (see Fig. 2). For this comparison, as first approximation, 
plasma profiles are kept equal, changing only the magnetic equilibrium. 
The ionization cloud slightly modifies its shape with respect to “eq. in-
jection” case, as shown in Fig. 4. However, the beam, even when not 
aimed at the magnetic axis, still encounters high-density plasma and 

ionization and shine-through losses are not affected (see Table 1). 
From the point of view of beam fast ion slowing-down, ASCOT 

confirms that the change in the vertical position of the plasma does not 
have any significant effect on volume-integrated quantities (Table 1). 
The main effect can be seen in the beam density profiles: Fig. 5 shows 
deposited power and toroidal current density profiles. In “plasma vert. 
shift” configuration, the beam is not aimed at the plasma magnetic axis, 
and even considering fast ion drifts and collisions, plasma core is 
significantly less affected by the beam slowing down. This is reflected in 
the off-axis peaks of “plasma vert. shift” profiles with respect to on-axis 
profiles for “eq. injection” case. 

Fig. 3. Plasma kinetic profiles used for ASCOT simulations.  

Fig. 4. Poloidal projection of beam ionization flux for the two considered plasma configurations.  

Table 1 
0D output values of ASCOT simulations summarizing beam losses, power 
deposition, current drive and induced torque.   

eq. injection plasma vert. shift 
Input PNBI [MW] 10 10 
Shinethrough losses [%] 0 0 
Orbit losses [%] 0,09 0,01 
Absorbed power [MW] 9,99 10,00 
Absorbed power [%] 99,91 99,99 
Power to electrons [MW] 6,13 6,16 
Power to electrons [%] 61,36 61,61 
Power to ions [MW] 3,86 3,84 
Power to ions [%] 38,64 38,39 
Total driven toroidal current [MA] 0,23 0,21 
Total torque [N m] 5,14 4,90  

Fig. 5. NBI deposited power density and driven toroidal current density pro-
files for the two considered plasma configurations. 
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The Divertor Tokamak Test (DTT) is a new, super-conducting device, being constructed in Frascati, Italy. DTT 
will be capable of plasma operations at high density and high heating power, in conditions relevant to address 
the power exhaust issue in support of ITER operation and DEMO design. DTT foresees the installation of a mix of 
auxiliary heating systems to couple up to 45 MW to the plasma, including Neutral Beam Injection (NBI). The 
neutral beam injector is currently being designed, aiming at delivering tangentially to the plasma neutral par-
ticles at energy of 510 keV, with a total power of ~10 MW. 

In the present work, we apply for the first time the orbit-following Monte Carlo code ASCOT to DTT, in order 
to analyse with more details the interaction of the high-energy beam, described in real geometry beamlet by 
beamlet, and the plasma. The results of the simulation give an insight of the behaviour of beam energetic par-
ticles in DTT. Thanks to the flexibility of DTT, different plasmas can be generated, e.g. in terms of plasma shape 
due to different divertor concepts. We present the comparison of two cases with different plasma vertical po-
sitions and we analyse the effect on beam absorption in the plasma. We then present a sensitivity scan on plasma 
density, to verify the coupling of beam power at densities lower than the reference target scenario. These in-
vestigations are crucial to provide feedback and suggestions to DTT design and to assess the beam fast ion physics 
for plasma scenario developments.   

1. Introduction 

Neutral beam injection (NBI) systems at high particle energy repre-
sent a complex and yet necessary solution if used to heat reactor-size 
fusion plasmas. Compared to present day experiments (beam particle 
energy ENBI ~ 100 keV), the new generation of injectors will be capable 
of injecting several MW of power at ENBI ~ 1 MeV [1,2]. This energy 
increase of 1 order of magnitude is necessary to ensure a deep-enough 
beam penetration in high-density, large-volume plasmas. As an inter-
mediate step, two large experimental tokamaks are being equipped with 

NBI systems injecting particles at energy ~ 500 keV, namely JT60-SA in 
Japan [3,4] and the Divertor Tokamak Test (DTT) in Italy [5,6,7]. The 
interaction of beam fast particles with the plasma strongly depends on 
the injection energy, which impact on beam particle confinement and 
losses to the first wall. From R&D point of view, beam fast particle 
studies are necessary to evaluate design choices and predict NBI oper-
ational windows. In particular, the maximum allowed power flux to the 
first wall sets a hard limit to NBI operations, in case of localized fast 
particle losses. This contribution aims at presenting the ongoing studies 
on beam-plasma interaction, necessary to evaluate NBI for DTT device. 

* Corresponding author. 
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“Flipped” last closed magnetic surface w.r.t. R0EXP,
then reordering boundary data points
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Positive Triangularity
v15

Raxis= 2.2580m
Zaxis= 0.1897m
q0= 0.6124
qedge= 4.3235

p0=1.065MPa
Ip= 5.446MA

Beta-axis = 7.115%

Negative Triangularity
flipped (fixed p’, I*)

Raxis= 2.2931m
Zaxis= 0.2010m
q0= 0.6036
qedge= 2.9984

p0=1.093MPa
Ip= 5.531MA

Beta-axis = 7.261%

Negative Triangularity
flipped (fixed p’, constant-q)

Raxis= 2.2985m
Zaxis= 0.2032m
q0= 0.6116
qedge= 4.4115

p0=0.940MPa
Ip= 4.217MA

Beta-axis = 6.427%
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caso_DTT_3345_MHD_n2 HYMAGYC (only MHD):
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caso_DTT_3345_MHD_n3 HYMAGYC (only MHD):
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caso_DTT_3345_MHD_n4 HYMAGYC (only MHD):
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caso_DTT_3345_MHD_n5 HYMAGYC (only MHD):
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Next add Energetic Particles from NNBI (to be done...)
• Example of old DTT equilibrium, EPs as for ITER case, etc. for modes driven by EPs:

n=-10

n=-1 n=-2 n=-5n=-4n=-3 n=-6

n=-7

n=-8

n=-9

n=-10n=-11n=-12n=-13n=-14

n=-15

n=-16

n=-17 n=-18 n=-19
n=-20

0

0.05

0.1

0.15

0.2

0.25

0 5 10 15 20

gamma-1
gamma-2
gamma_MARS_MHD

ga
m
m
a-
1

n

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0 5 10 15 20

omega-1
omega-2
omega_MARS_MHD

om
eg
a-
1

nn

γ/wA0

n

w/wA0

w/wA0 vs. s plots



17-18 July 2023 G. Vlad et al., 2023 TSVV 2 Annual Meeting 18

Next add Energetic Particles from NNBI (to be done...)
• Experience in Energetic Particle density profile peaked off-axis (AUG, n=-1, TSVV#10):

nH(s;t)
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New update on using HYMAGYC to explore kinetic effects on MHD modes (2022.10.04)
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• Consider two cases: Γ=0 (open symbols in plots), Γ=5/3 (filled symbols in plots) 
• Smoothly switching on the kinetic contribution of thermal ions:

• varying thermal ion density (keeping the thermal ion temperature unchanged)
• varying thermal ion temperature (keeping the thermal ion density unchanged, thermal ion 

resonances changes in this latter case…)
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Summary plots 


