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ORB5

Consider linear Gyro-kinetic particle description

Ẋ = v|| + vc + v∇B , (1.1)

v̇z = −
v|| + vc
mσvz

· ∇(µB) (1.2)

where

v|| := vzb, (1.3)

vc :=
mσv

2
z

qσB∗||
b × (b · ∇b), (1.4)

v∇B :=
µ

qσB∗||
b ×∇B. (1.5)

Here, B is a pre-described and unperturbed ad-hoc magnetic field with
poloidal flux function ψ = ψ(r) and dψ/dr = rB0/q.
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Excitation of TAE modes using antenna in ORB5

Let us introduce an antenna to the system

H = H0 +O(εδ) + εantH1,ant +O(ε2ant) (1.6)

where

H1,ant = qσ〈φant − vzA1||ant〉 (1.7)

Taking variational derivatives of ORB5 action with this modified
Hamiltonian leads to gyrokinetic Vlasov eq. with characteristics

Ẋ = v|| + vc + v∇B + εantvEant×B + εantvAant , (1.8)

v̇z = −
(v|| + vc)

mσvz
· ∇
(
µB+εantqσ〈φant − vzA1||ant〉

)
. (1.9)

Here we consider

φant = se−(
s−s0
δ

)2Re

 N∑
j

Aje
î(mjθ+njφ)e îωantt

 . (1.10)
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s0 = 0.5 δ = 0.1 Aj = 10−6 nj = 6, 6 mj = −10,−11
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Figure: Antenna’s potential profile
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s0 = 0.5 δ = 0.1 Aj = 10−6 nj = 6, 6 mj = −10,−11
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Figure: A||

Mohsen Sadr SPC, EPFL April 28, 2021 4 / 10



s0 = 0.5 δ = 0.1 Aj = 10−6 nj = 6, 6 mj = −10,−11

400000 450000 500000 550000 600000 650000 700000 750000 800000
t [ 1

ci ]

0.0

0.2

0.4

0.6

0.8

1.0

1.2
1 0
A

|| m
,n

=
6(

s,
t)d

s

1e 7

m=-10, w=0.00145
exp fit, = 7.39e 06

400000 450000 500000 550000 600000 650000 700000 750000 800000
t [ 1

ci ]

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1 0
A

|| m
,n

=
6(

s,
t)d

s

1e 7

m=-10, w=0.00144629
exp fit, = 7.01e 06

 1.42e-03  1.44e-03  1.46e-03  1.48e-03
ant [ ci]

 4.0e-08

 6.0e-08

 8.0e-08

 1.0e-07

 1.2e-07

m
ax

t
[0

,4
e5

1
ci

] (
1 0
A

|| m
,n

=
6(

s,
t)d

s )

HWHM = 1.46e 05, m = 10

HWHM = 1.53e 05, m = 11

gauss fit, m=-10
gauss fit, m=-11
m=-10
m=-11

Figure
Mohsen Sadr SPC, EPFL April 28, 2021 5 / 10



s0 = 0.5 δ = 0.1 Aj = 10−6 nj = 6, 6 mj = −10,−11
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Figure: Density profiles of deuterium and q profile.Mohsen Sadr SPC, EPFL April 28, 2021 6 / 10



Next:

Interaction of fast particles with antenna.

Steeper safety factor profile.

EM simulations.

Implementing antenna as A|| in ORB5.
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2. Convolution-based solution of Ito process

Consider Ito process of V with drift A and diffusion D = 1
2σσ

T , i.e.

dVi = Aidt + σijdWj (2.1)

Euler−Maruyama : ∆Vi = A
(n)
i ∆t + σ

(n)
ij Rj(0,∆t) (2.2)

= Rj

(
A
(n)
i ∆t,D

(n)
ij ∆t

)
(2.3)

=⇒ V
(n+1)
i = V

(n)
i +Rj

(
A
(n)
i ∆t,D

(n)
ij ∆t

)
(2.4)

We know pdf of X + Y is fX+Y (z) =
∫
fX (ξ)fY (z − ξ)dξ if X and Y are

ind. rand. var.

fV (n+1)(η) =

∫
fV (n)(ξ)N

(
η − ξ|A(n)(ξ)∆t,D(n)(ξ)∆t

)
dnξ. (2.5)
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The multivariate Gaussian ditr.

N (η − ξ|a,Σ) =
e−

1
2
(η−ξ−a)TΣ−1(η−ξ−a)

(2π)n/2
√

det(Σ)
, where (2.6)

a(ξ) = ∆tA(ξ) and Σ(ξ) = ∆tD(ξ), (2.7)

using eigenvalue decomposition Σ−1 = UTΛU can be written

N (η − ξ|a,Σ) =
e−(η−ξ−a)TUTΛU(η−ξ−a)/2

(2π)n/2
√

det(Σ)
(2.8)

=
e−|η̂−ξ̂−â|2

(2π)n/2
√

det(Σ)
, where x̂i :=

√
λi/2(

n∑
j

Uijxj).

The exponential can be expanded with Hermite polynomials

e−|η̂−ξ̂−â|2 =

p∑
α≥0

1

α!

(
ξ̂ + â

)α
hα (η̂) , (2.9)

=⇒ fV (n+1)(η) =

p∑
α≥0

1

α!
hα (η̂)

∫
fV (n)(ξ)

(2π)n/2
√

det(Σ)

(
ξ̂ + â

)α
dnξ.
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Linear Landau operator
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