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3. DTT and RFX-mod2: implementation in JOREK

• Two DTT equilibria in JOREK: 
full power scenario (𝐼𝑝 =

5.5𝑀𝐴, 𝐵𝑡𝑜𝑟 = 5.85𝑇) and 
reduced power (Day 0) 
scenario (𝐼𝑝 = 2𝑀𝐴,𝐵𝑡𝑜𝑟 =

3𝑇) [9]

• Core region modified to avoid
internal kink instabilities and 
simplify the modelling

• RMPs are external 3D magnetic
perturbations which can be applied to
suppress or mitigate ELMs by decreasing
the pressure gradient at the pedestal [1].

• This tecnique can be modeled in JOREK
[3] through the coupling with STARWALL.

• In this work, RMPs and pedestal stability
are studied in H-mode scenarios [9] of
the Divertor Tokamak Test facility (DTT)
under construction in Frascati (Italy),
equipped with a system of 3D coils [10].

• For comparison purposes, also ASDEX
Upgrade and RFX-mod2 equilibria have
been implemented in JOREK

• JOREK and MARS-F results are
compared, where the latter allows a fast
optimization of the RMP spectrum [2]

1. Introduction

4a. Linear stability study of DTT full power scenario «E» with JOREK 
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• RFX-mod2 will allow to explore both the tokamak and the reversed-field-
pinch magnetic configurations[6][7]

• It is equipped with 192 independently-fed active coils for MHD stability
control and plasma response studies

• A comparison among MARS-F, JOREK and CASTOR-3D [8] is ongoing for
stability studies.

RMP coils in DTT (STARWALL 
representation)

Z

Comparison with CHEASE
𝑞0 = 1.18
𝑞𝑒𝑑𝑔𝑒 = 3.24

𝑃0 = 1363 𝑃𝑎

4b. Linear stability study of DTT full power scenario «E» with MARS-F 
The peeling-ballooning modes were also found
in the same analysis performed with MARS-F, 
with the following setup:
• Ideal wall lying on the plasma surface, like in 

JOREK fixed boundary DTT simulations
Normalized growth rate (resistivity scan):

• No flow effects
• JETTO-JINTRAC temperature, density and 

rotation profiles [9]
• Spitzer resistivity profile (target amplitude

on axis)

Radial magnetic field 
spectrum, n=9 component, 
𝜼~𝟏𝟎 ∙ 𝜼𝐒𝐩𝐢𝐭𝐳𝐞𝐫

Scan in n° grid points in the poloidal
direction (n_tht) of the poloidal flux
eigenfunction, (m=35, n=9) component:

While there is a variation in magnitude, at the same time instant (0.31 ms after starting the non-axisymmetric 
simulation) the shape of the eigenfunction is rather similar, suggesting that the underlying physics is captured 

Typical peeling-ballooning behaviour, likely to evolve into ELMs. The modes are 
localized in a radially-narrow region at the edge in the LFS (bad curvature region)

5. Plasma response and RMP spectrum optimization with MARS-F 

n=9
n=15
n=21

References Conclusions

Example of pedestal pressure
increase adding particle and heat
sources in JOREK, possibly
destabilizing PB modes.

On JOREK side:
• The linear stability with 𝜂~10∙𝜂Spitzer was

modeled in the DTT full-power scenario
and the typical physics of PB modes was
unveiled.

• DTT RMPs geometry was implemented in
JOREK via the coupling with STARWALL

For the future: 1) Destabilization of the
equilibria at 𝜂Spitzer (see left)

2) The optimized RMPs shall be included in
the modeling to study their impact on PB
stability.

On MARS-F side:
The optimized coil current
values and phasing between
the RMP coil arrays were
provided through MARS-F
plasma response simulations for
DTT.
For the future: An analysis in
terms of dependence on the
plasma toroidal rotation profile
is planned (here Ω𝑎𝑥𝑖𝑠 =
0.01Ω𝑒𝑑𝑔𝑒)

Setup of JOREK linear simulations :
• Pedestal stability in DTT scenarios was optimized

with EPED → for a preliminary study of unstable PB
modes, resistivity was increased: 𝜂~10 ∙ 𝜂Spitzer

• No diamagnetic effects or equilibrium flows

• JETTO-JINTRAC temperature and density profiles [9]

• Balance between diffusion and source terms for
pedestal stabilization in time

Grid comparison among all the
devices modeled with JOREK
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Plasma response to RMP perturbations with n=1,2,3: in all cases, the RMP screening effect is
clearly visible at the resonant surfaces in the plasma response spectra. In the n=2 case, only
the m=8 component  penetrates partially.

m=5,6,7,8 
peeling 
components 
at s> 0.94
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Pressure profiles comparison among all
the devices modeled with JOREK
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Poloidal section exhibiting
n=2 RMPs interacting with
the plasma modes

Starting from prior
studies [4] [5], a
preliminary exercise of
RMP application was
conducted.

RMPs off RMPs on 

2. RMPs in ASDEX Upgrade – JOREK modeling

RMP screening effect
The valleys
correspond to the 
resonant surfaces
q=3/2, 2, 5/2 and 3

n=2

q=8/2q=7/2
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n=7 eigenfunctions of the
poloidal magnetic flux: 
m=76 is the dominant
component
t=0.78 ms
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n=21 eigenfunctions of the 
poloidal magnetic flux:
m=84 is the greatest
component
t=0.43 ms

Normal displacement to the plasma surface ξ
induced by n=2 RMPs.
With a total current in the single coil of 40 kA,
the resulting displacement is 3.6 mm if the
relative phasing of the upper and lower arrays
with respect to the middle array is ~190°:

Vacuum (left) and plasma (right) response to RMPs with 
periodicity n=2. The white dots represent the resonant

components on the q profile. 

Coil current phasing
represented by 
different colors
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