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DTT, the Divertor Tokamak Test facility, is the new plasma physics research device under construc'on in 
Italy, which will benefit from a substan'al support from EUROfusion to specifically address the 
problem of hea'ng and power exhaust in ITER and DEMO devices. DTT characteris'c parameters 
considered here are: toroidal field B0 ≈ 6.0T, major radius R0 ≈ 2.08m, aspect ra'o A ≈ 3.2, plasma 
current Ip ≈ 5.5 MA, addi'onal power PTot ≈ 45 MW (note that the device parameters have been slightly 
updated, e.g., R0≈2.18m).
The equilibrium and plasma parameters for the Single Null (SN) original baseline scenario (2018) can 
be found at hbps://www.afs.enea.it/vlad/Miscellaneous/Testcase_DTT_HYMAGYC_2019/:
It is a “engineering” equilibrium, with bulk ion density resul'ng from a METIS simula'on: energe'c 
par'cle density profile as from ITER-SC2 scenario; high resolu'on model equilibrium recomputed by 
CHEASE (B0, Ip>0, COCOS=2 coordinate system)
DTT, v1, Single Null, t=36s
B0 ≈ 6.0T
R0 ≈ 2.08m
βth,0 ≈ 4%
TH = 0.45MeV
nH0/ni0 ≈ 0.05
βH,0/βth,0≳ 1
mH/mi = 0.5 (H EPs/D bulk ions)
ρH/a ≈ 0.017
vH/vA0 ≈ 1.
"=5/3 (adiabatic coefficient)
η=0 (ideal plasma)
Isotropic Maxwellian EPs, FOW only

https://www.afs.enea.it/vlad/Miscellaneous/Testcase_DTT_HYMAGYC_2019/
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HYMAGYC code descrip'on

HYMAGYC [1] is a hybrid MHD-Gyrokinetic code.
• It is suited to study the interaction between EPs and Alfvénic modes, for high-β axisymmetric equilibria
• Electromagnetic fields are fully retained: electrostatic potential φ and vector potential A
• Thermal plasma is described as a single fluid by full, resistive, linear MHD equations.
• The fields solver originates from MARS [2], transformed from an eigenvalue solver to an initial value one.
• Energetic particles are described by nonlinear gyrokinetic Vlasov equations [3] expanded up to order O(e2) and

O(eeB) and solved by particle-in-cell (PIC) techniques.
• The MHD and the gyrokinetic modules, are coupled toghether by inserting the divergence of the EP pressure

tensor in the MHD momentum equations [4]
• It uses the equilibrium solver CHEASE; it is IMAS compliant

ORDERING and DEFINITIONS
• gyrokinetic ordering parameter e≃ rH/Ln
• eB≃rH/LB, 
• rH the EP  Larmor radius 
• Ln/LB the characteristic length scales of the equilibrium plasma density/magnetic field. 
• Space-time ordering for the fluctuating electromagnetic fields: k⊥rH=O(1), k||rH=O(e), w/WH=O(e)
• k⊥ the perpendicular (to the equilibrium magnetic field) wave vector 
• k|| the parallel one 
• ω: characteristic fluctuation frequency and WH the EP gyrofrequency.
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DTT equilibrium (CHEASE), reference case 
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Adding Energe'c Par'cle contribu'on

G.Y. Fu et al., Phys.  Fluids B4, 3722 (1992)

kθrE

γ/wA

∝nq(r): short wavelength favored
• Lower bound for wavelength set by characteristic 

energetic particle orbit width, rE: k⊥rE≈1 (finite orbit 
width averaging; magnetic drifts usually larger than 
Larmor radius)

• optimal condition:
• nmax-ITER≈ O(10)

�!2�K + �Wf + �Wk = 0 (24)

Perturbative solution, zero-th order:

�!2

0
�K(⇠⇤

0
, ⇠0) + �Wf (⇠

⇤
0
, ⇠0) = 0 (25)

!2

0
=

�Wf (⇠⇤0 , ⇠0)

�K(⇠⇤
0
, ⇠0)

(26)

First order:

�!2

0
�K(⇠⇤

0
, ⇠1) + �Wf (⇠

⇤
0
, ⇠1)� 2!0!1�K(⇠⇤

0
, ⇠0) + �Wk(⇠

⇤
0
, ⇠0,!0) = 0 (27)

!1

!0

=
�Wk(⇠⇤0 , ⇠0,!0)

2!2

0
�K(⇠⇤

0
, ⇠0)

(28)

Cylinder:

!2

A =
v2A
R2

0

✓
n� m

q(r)

◆2

(29)

Vlasov equation:

@

@t
FH +

dR

dt
·rFH +

dU

dt

@

@U
FH = 0 (30)

FH = FH(t,R,M, U) (31)

�Wk trapped:

�cWk / I � 1

n!d + `!b � !
QF0 (32)

�Wk circulating:

�cWk / I � 1

n!d + [`+ nq(r)�m]!t � !
QF0 (33)

(34)

QF0:

QF0 = !

✓
@E +

b!⇤Es

!

◆
F0 (35)

Omega-star term:

b!⇤EsF0 =
1

!c

k⇥B

B
·rF0 (36)

!⇤Es ⇡ mpol

nHesrB

dpH
dr

=
nq(r)

nHesrB

dpH
dr

(37)

3

�cWk / I � 1

n!d + `!b � !
QF0

�!2�K + �Wf + �Wk = 0 (24)

Perturbative solution, zero-th order:

�!2

0
�K(⇠⇤

0
, ⇠0) + �Wf (⇠

⇤
0
, ⇠0) = 0 (25)

!2

0
=

�Wf (⇠⇤0 , ⇠0)

�K(⇠⇤
0
, ⇠0)

(26)

First order:

�!2

0
�K(⇠⇤

0
, ⇠1) + �Wf (⇠

⇤
0
, ⇠1)� 2!0!1�K(⇠⇤

0
, ⇠0) + �Wk(⇠

⇤
0
, ⇠0,!0) = 0 (27)

!1

!0

=
�Wk(⇠⇤0 , ⇠0,!0)

2!2

0
�K(⇠⇤

0
, ⇠0)

(28)

Cylinder:

!2

A =
v2A
R2

0

✓
n� m

q(r)

◆2

(29)

Vlasov equation:

@

@t
FH +

dR

dt
·rFH +

dU

dt

@

@U
FH = 0 (30)

FH = FH(t,R,M, U) (31)

QF0 = !

✓
@E +

b!⇤Es

!

◆
F0 (32)

b!⇤EsF0 =
1

!c

k⇥B

B
·rF0 (33)

!⇤Es ⇡ mpol

nesrB

dp

dr
(34)

3

�!2�K + �Wf + �Wk = 0 (24)

Perturbative solution, zero-th order:

�!2

0
�K(⇠⇤

0
, ⇠0) + �Wf (⇠

⇤
0
, ⇠0) = 0 (25)

!2

0
=

�Wf (⇠⇤0 , ⇠0)

�K(⇠⇤
0
, ⇠0)

(26)

First order:

�!2

0
�K(⇠⇤

0
, ⇠1) + �Wf (⇠

⇤
0
, ⇠1)� 2!0!1�K(⇠⇤

0
, ⇠0) + �Wk(⇠

⇤
0
, ⇠0,!0) = 0 (27)

!1

!0

=
�Wk(⇠⇤0 , ⇠0,!0)

2!2

0
�K(⇠⇤

0
, ⇠0)

(28)

Cylinder:

!2

A =
v2A
R2

0

✓
n� m

q(r)

◆2

(29)

Vlasov equation:

@

@t
FH +

dR

dt
·rFH +

dU

dt

@

@U
FH = 0 (30)

FH = FH(t,R,M, U) (31)

QF0 = !

✓
@E +

b!⇤Es

!

◆
F0 (32)

b!⇤EsF0 =
1

!c

k⇥B

B
·rF0 (33)

!⇤Es ⇡ mpol

nHesrB

dpH
dr

=
nq(r)

nHesrB

dpH
dr

(34)

3

�!2�K + �Wf + �Wk = 0 (24)

Perturbative solution, zero-th order:

�!2

0
�K(⇠⇤

0
, ⇠0) + �Wf (⇠

⇤
0
, ⇠0) = 0 (25)

!2

0
=

�Wf (⇠⇤0 , ⇠0)

�K(⇠⇤
0
, ⇠0)

(26)

First order:

�!2

0
�K(⇠⇤

0
, ⇠1) + �Wf (⇠

⇤
0
, ⇠1)� 2!0!1�K(⇠⇤

0
, ⇠0) + �Wk(⇠

⇤
0
, ⇠0,!0) = 0 (27)

!1

!0

=
�Wk(⇠⇤0 , ⇠0,!0)

2!2

0
�K(⇠⇤

0
, ⇠0)

(28)

Cylinder:

!2

A =
v2A
R2

0

✓
n� m

q(r)

◆2

(29)

Vlasov equation:

@

@t
FH +

dR

dt
·rFH +

dU

dt

@

@U
FH = 0 (30)

FH = FH(t,R,M, U) (31)

QF0 = !

✓
@E +

b!⇤Es

!

◆
F0 (32)

b!⇤EsF0 =
1

!c

k⇥B

B
·rF0 (33)

!⇤Es ⇡ mpol

nHesrB

dpH
dr

=
nq(r)

nHesrB

dpH
dr

(34)

3

•Linear growth-rate of Alfvén modes and EPMs is proportional to the energetic particle 
diamagnetic drift frequency (Liu Chen et al, PRL 1984);
• from gyrokinetic description of the perturbed EP distribution function, stability given by δWk

trapped particles:
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: integro-differential operator
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• !MHD,ωMHD:”infernal” modes
Adding Energe'c Par'cle contribu'on:
• !1,ω1: EP driven ”infernal” modes
• !2,ω2: EP driven Alfvénic modes

Adding Energe'c Par'cles contribu'on (contd.)
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Power transfer between EPs and wave P(s,M,U); n=-5 – 3d plots => counter-passing
s≈0.25 (jx1=45)
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Power transfer between EPs and wave P(s,M,U); n=-5 – 2d plots (reduced over third coord.) => counter-passing
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Power transfer between EPs and wave P(s,M,U); n=-15 – 3d plots => trapped par?cles
s≈0.38 (jx1=69)
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Power transfer between EPs and wave P(s,M,U); n=-15 – 2d plots (reduced over third coord.) => trapped parDcles
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n=-4 Alfvén con-nuous spectrum, detailed structure
comparison between MARS con(nua and approximated (Falcon) Shear Alfvén Wave con(nua using slow-sound 
approxima(on: comparison is sa(sfactory for the upper con(nuum of the toroidal gap, not sa(sfactory for the lower 
con(nuum and below (BAAE gap, etc.).
GREEN: complete MARS con(nua;
BLACK, RED solid lines: Falcon with slow sound approxima(on
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n=-10 Alfvén con.nuous spectrum, detailed structure: comparison between MARS con(nua and approximated 
(Falcon) Shear Alfvén Wave con(nua using slow-sound approxima(on: comparison is sa(sfactory for the upper 
con(nuum of the toroidal gap, not sa(sfactory for the lower con(nuum and below (BAAE gap, etc.).
GREEN: complete MARS con(nua;
BLACK, BLUE, RED solid lines: Falcon with slow sound approxima(on 
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n=-15 Alfvén con.nuous spectrum, detailed structure
comparison between MARS con(nua and approximated (Falcon) Shear Alfvén Wave con(nua using 
slow-sound approxima(on: comparison is sa(sfactory for the upper con(nuum of the toroidal gap, not 
sa(sfactory for the lower con(nuum and below (BAAE gap, etc.).
GREEN: complete MARS con(nua;
BLACK, BLUE, RED solid lines: Falcon with slow sound approxima(on 
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Conclusions

• First systema(c inves(ga(on on Energe(c Par(cle driven Alfvénic Modes on DTT model equilibrium 

using HYMAGYC:

- useful exercise to test HYMAGYC poten(ali(es in realis(c scenarios environment;

- moderately high toroidal mode numbers have been tested (n≦20);

- useful testbed for checking numerics, convergence, etc.

• Model equilibrium should be updated to latest DTT scenarios (slightly larger device dimensions, 

different hea(ng mix, use proper B0, Ip signs, etc.), possibly using more realis(c scenarios as 

obtained by. e.g., transport code simula(ons (consistent scenario...)

• More appropriate Energe(c Par(cles distribu(on func(on to be used (e.g., anisotropic slowing 

down, instead of isotropic Maxwellian, Constant of Mo(on parametrized distribu(on func(on, etc.)

• Hamiltonian mapping “machinery”, largely used with HMGC, is available also for HYMAGYC

• ...
























