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1. Brief overview
2. The models

» Electrons
» Electric field (E), poloidal flux (1) and current density (j)
» lon and temperature dynamics

3. Model comparison



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

B 1D transport model in tokamak
geometry for

» Electric field E(r)

» Electron temperature T.(r)
0.001 » Plasma current density j(r)
' B Fluid or kinetic (1D2P;
—0.251 bounce-averaged) electrons

» Accurate treatment of transient

runaway electron generation (e.g.
hot-tail)
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Major radius R (m) B Radial transport of electrons and heat
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Electron models



Electrons: separation of populations
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DREAM separates electrons into three
populations based on their energy:

H Cold: P ™~ DPthermal
B Hot: Pthermal < P < Dc
H Runaway: p > p.
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populations based on their energy:
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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 (n..1q) and temperature
Tcold

Aleynikov & Breizman, NF 57 (2017)


https://doi.org/10.1088/1741-4326/aa5895
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Fluid mode (one cold+hot fluid)
Both cold and hot electrons are represented by density (n..1q) and temperature
Tcold

Fully kinetic mode

Both cold and hot electrons are represented by the distribution function f(r, p, £)
Superthermal mode (“Aleynikov & Breizman mode”)

B Cold: <ncold> and Teold (Starting at <ncold> =0, Teold = 0)

B Hot: f,,; with superthermal limit of collision operator
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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 (n..1q) and temperature
Tcold

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

Superthermal mode (“Aleynikov & Breizman mode”)
B Cold: <ncold> and Teold (Starting at <ncold> =0, Teold = 0)
B Hot: f,,; with superthermal limit of collision operator

Isotropic mode (reduced “Aleynikov & Breizman mode”)

Same as the superthermal mode, but fi,,; solved for using an angle-averaged
equation

(Why? Performance of fluid mode, but with accurate hot-tail!)

Aleynikov & Breizman, NF 57 (2017)


https://doi.org/10.1088/1741-4326/aa5895

Runaway electrons 7/14

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

Fluid
0 (Nye)
= O M DY
<a Iy t +YDreicer + Tava <nre> +7 + “Ycompton +
13 S~~~ N———r
flux from fyot avalanche other runaway sources
1 0 d{n
+ 787 |:V, (_Ar <nre> + Drr <8:e>>:|
radial transport
Kinetically
8f af af
= {EHg} = + {Fsynch} = = =C [fre] + Sre

— collisions fluid RE sources
E acceleration synchrotron radiation

e [V (-1 ) + (D} 250

radial transport
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Runaway electrons are either treated as (independently of cold/hot electrons)
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Background plasma



Current density, electric field and poloidal flux 8/ 14
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Current density (Ampere’s law)

Jrot 10
27 pio <B'V¢>%:W§




Current density, electric field and poloidal flux 8/ 14

, IV \ oy
()5

Current density (Ampere’s law)
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Electric field and poloidal flux
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Current density, electric field and poloidal flux 8/ 14
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Current density (Ampere’s law)

Jrot 10
27 pio <B'V¢>%:W§

Electric field and poloidal flux

oY
ot Vioopa
(E-B)
2 = Vloo
TBve) e

Wall coupling
(with wall time 7yan = Lext/Rwan @s free parameter)

(wall)
Vioop = Rwall I wall»

djwall == _Lext (Ip + Iwall) .



lon and temperature dynamics 9/14

lon (charge state) densities

3(7;? - (Ii(j_l) (Ncold) + <O—l(gn_’bl)v>> n! Y - (Ii(j) (neota) + <U‘(‘zl)”v>> 3

ionization
+ RZ(JJFU <ncold> (G+1) RZ(J) <ncold> nl(J) )

recombination

lonization I/ and recombination R! coefficients taken from ADAS. Kinetic
ionization rates are calculated from

shw) = [ / &y o) (.. €0

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


https://doi.org/10.1063/5.0003638

Temperature dynamics
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(Cold) electron temperature

3

Wcold — 5 <ncold> Tcold

Energy balance

ot ~—
coll. heat transfer

Weora  j =g
cold _ Eg) <E . B> N <ncold> Z Z nEJ)LEJ) + <Qc>
, —_

ohmic heating

line radiation
10 , OWeold
V, a |:V (AWcold +D—F— or ):|

radial transport

The collisional heat transfer (Q.) includes both e-e and e-i contributions.



Comparison of electron models



Baseline setup: ASDEX Upgrade-like plasma 11/14
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Scenario 1: Full conversion

12/ 14

Temperature (eV)
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Mixed D and Ar injection
np = nay = 2.6 x 1019 m—
Almost full conversion I, — I,

Good agreement between electron models
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Scenario 2: Slow disruption 13/14

T T T
(a) = Fluid
Isotropic
Superthermal
Kinetic .
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More D, less Ar
np =52x109m=3 ny, =52 x 108 m3
1. between 200-400 kA

Major differences between electron models:
due to the very different starting
temperatures + less hot-tail

Temperature (eV)




Scenario 2: Slow disruption 13/ 14
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Summary 14/14

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

108 (a) — Fluid

Isotropic T
——— Superthermal
: Kinetic

What’s new with DREAM?

B Background plasma and runaway evolution
with kinetic hot-tail

B Radial transport of electrons
B Kinetic ionization

B Tokamak geometry (bounce and
flux-surface averaged)

/] I I I
8.00 1.25 2.50 3.75 5.00
Time (ms)

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

— 10 \\ .
Comparison to Fig. 4 of Go simulations in = \

ITER-like scenario [Vallhagen et al, JPP 86
(2020)].
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B Mixed D and Ne injections
B Good agreement in I;, and jre max(7)

B 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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