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Outline 3/ 14

1. Brief overview
2. The models

I Electrons
I Electric field (E), poloidal flux (ψ) and current density (j)
I Ion and temperature dynamics

3. Model comparison



What is DREAM? (Disruption Runaway Electron Analysis Model) 4/ 14

� 1D transport model in tokamak
geometry for
I Electric field E(r)
I Electron temperature Te(r)
I Plasma current density j(r)

� Fluid or kinetic (1D2P;
bounce-averaged) electrons
I Accurate treatment of transient

runaway electron generation (e.g.
hot-tail)

� Radial transport of electrons and heat



Electron models



Electrons: separation of populations 5/ 14

DREAM separates electrons into three
populations based on their energy:
� Cold: p ∼ pthermal

� Hot: pthermal < p < pc

� Runaway: p > pc

Electrons in each of these regions can
be modelled either by solving the kinetic
equation or be treated as a fluid
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Specialized treatment of cold and hot electrons 6/ 14

Fluid mode (one cold+hot fluid)
Both cold and hot electrons are represented by density 〈ncold〉 and temperature
Tcold

Fully kinetic mode
Both cold and hot electrons are represented by the distribution function f(r, p, ξ)

Superthermal mode (“Aleynikov & Breizman mode”) 1

� Cold: 〈ncold〉 and Tcold (starting at 〈ncold〉 = 0, Tcold = 0)
� Hot: fhot with superthermal limit of collision operator

Isotropic mode (reduced “Aleynikov & Breizman mode”)
Same as the superthermal mode, but fhot solved for using an angle-averaged
equation
(Why? Performance of fluid mode, but with accurate hot-tail!)

1Aleynikov & Breizman, NF 57 (2017)

https://doi.org/10.1088/1741-4326/aa5895
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Runaway electrons 7/ 14

Runaway electrons are either treated as (independently of cold/hot electrons)

Fluid
∂ 〈nre〉
∂t

= Fhot︸︷︷︸
flux from fhot

+γDreicer + Γava 〈nre〉︸ ︷︷ ︸
avalanche

+ γT + γcompton + . . .︸ ︷︷ ︸
other runaway sources

+
1

V ′
∂

∂r

[
V ′
(
−Ar 〈nre〉+Drr

∂ 〈nre〉
∂r

)]

︸ ︷︷ ︸
radial transport

Kinetically
∂fre

∂t
+ e

{
E‖ξ

} ∂fre

∂p‖︸ ︷︷ ︸
E acceleration

+ {F synch} ·
∂fre

∂p︸ ︷︷ ︸
synchrotron radiation

= C [fre]︸ ︷︷ ︸
collisions

+ Sre︸︷︷︸
fluid RE sources

+
1

V ′
∂

∂r

[
V ′
(
−{Ar} 〈nre〉+ {Drr}

∂ 〈nre〉
∂r

)]

︸ ︷︷ ︸
radial transport
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Background plasma



Current density, electric field and poloidal flux 8/ 14

Current density (Ampère’s law)

2πµ0 〈B · ∇φ〉
jtot

B
=

1

V ′
∂

∂r

[
V ′

〈
|∇r|2
R2

〉
∂ψ

∂r

]
.

Electric field and poloidal flux

∂ψ

∂t
= −Vloop,

2π
〈E ·B〉
〈B · ∇φ〉 = Vloop.

Wall coupling
(with wall time τwall = Lext/Rwall as free parameter)

V
(wall)

loop = RwallIwall,

ψwall = −Lext (Ip + Iwall) .
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Ion and temperature dynamics 9/ 14

Ion (charge state) densities

∂n
(j)
i

∂t
=
(
I

(j−1)
i 〈ncold〉+

〈
σ

(j−1)
ion,i v

〉)
n

(j−1)
i −

(
I

(j)
i 〈ncold〉+

〈
σ

(j)
ion,iv

〉)
n

(j)
i︸ ︷︷ ︸

ionization

+R
(j+1)
i 〈ncold〉n(j+1)

i −R(j)
i 〈ncold〉n(j)

i︸ ︷︷ ︸
recombination

.

Ionization Iji and recombination Rj
i coefficients taken from ADAS. Kinetic

ionization rates are calculated from
〈
σ

(j)
ion,iv

〉
=

∫
dp

∫ 1

−1
dξ0
V ′
V ′
vσ

(j)
ion,if(r, p, ξ0)

according to [Garland et al, PoP 27 (2020)]

https://doi.org/10.1063/5.0003638


Temperature dynamics 10/ 14

(Cold) electron temperature

Wcold =
3

2
〈ncold〉Tcold

Energy balance

∂Wcold

∂t
=
jΩ
B
〈E ·B〉

︸ ︷︷ ︸
ohmic heating

−〈ncold〉
∑

i

Zi−1∑

j=0

n
(j)
i L

(j)
i

︸ ︷︷ ︸
line radiation

+ 〈Qc〉︸︷︷︸
coll. heat transfer

+
1

V ′
∂

∂r

[
V ′
(
AWcold +D

∂Wcold

∂r

)]

︸ ︷︷ ︸
radial transport

The collisional heat transfer 〈Qc〉 includes both e-e and e-i contributions.



Comparison of electron models



Baseline setup: ASDEX Upgrade-like plasma 11/ 14
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� Major radius Rm = 1.65m

� Plasma radius a = 0.5m

� Wall radius b = 0.55m

� Max. elongation κmax = 1.15

� B0 = 2.5T

� ne,0 = 2.6× 1019m−3

� Te,0 = 5.8 keV

� Ip = 800 kA



Scenario 1: Full conversion 12/ 14
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� Mixed D and Ar injection
� nD = nAr = 2.6× 1019m−3

� Almost full conversion Ip → Ire

� Good agreement between electron models
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Scenario 2: Slow disruption 13/ 14
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� More D, less Ar
� nD = 5.2× 1020m−3, nAr = 5.2× 1018m−3

� Ire between 200-400 kA
� Major differences between electron models:

due to the very different starting
temperatures + less hot-tail
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Summary 14/ 14

DREAM is a fluid-kinetic (1D2P) framework for self-consistent runaway electron
simulation.

What’s new with DREAM?
� Background plasma and runaway evolution

with kinetic hot-tail
� Radial transport of electrons
� Kinetic ionization
� Tokamak geometry (bounce and

flux-surface averaged)
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On arXiv: 2103.16457
https://github.com/chalmersplasmatheory/DREAM

https://arxiv.org/abs/2103.16457
https://github.com/chalmersplasmatheory/DREAM


Benchmark



Benchmark with GO 15/ 14

Comparison to Fig. 4 of GO simulations in
ITER-like scenario [Vallhagen et al, JPP 86
(2020)].

� Mixed D and Ne injections
� Good agreement in Ip and jre,max(r)

� Some models have been upgraded in
DREAM =⇒ agreement not perfect

https://doi.org/10.1017/S0022377820000859
https://doi.org/10.1017/S0022377820000859
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