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CURRENT SPIKE ¥
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Current density rearrangement simulations
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GOAL

Build self-consistent model required to reconstruct the current
spike at the beginning of disruptions.

Constrain free parameters appearing in the model, through

optimization.

Refine the evolution of plasma parameters that are relevant for
the runaway electron model.
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INITIAL MODEL -

Experiment: ASDEX Upgrade #33108
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Model: Time [ms]

1. Assimilation phase: Argon injection. Constant argon density. Number of assimilated
argon atoms in the plasma: Ny, - ;-
Hyperresistivity is active: A(r,t) = A-6(t, — t).

2. Thermal quench: T, (r,t) = T¢(r) + [T;(r) — Tr(1)] - e~ t/trq,

3. Hyperresistivity is active, temperature evolution is self consistent. Duration of
phase: t,.

4. Magnetic surfaces heal, hyperresistivity is not active.
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MANUAL OPTIMIZATION DREAM
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Objective function

BAYES-OPTIMIZATION

dipg(X) = log j(IEXP(t) — Iprpam (X, £))* dt

Example: 1D problem

Initialization 1. iteration 2. iteration 3. iteration
12.0 1 1 — — | | —
12.0 vV I ° gilrsflx.)points kel e gizr(rf.)points - 12.0 N b ) giBrg(.)points I
11.5 - — A1(x) — A3(x) — Ajz(x)
> 1104 01154/ Ao B Nextpoint | 1154/ | Qe B Nextpoint | . 51/ o M B Next point
s | S | ' | S ‘ S ‘
1051 [ ] gior(rt)points 1104 D ’ 1104t N g | | 10 Ty
10.0 4 — Aolx) . :
B Next point i :
9.5 1+ : . . . 10.5 - . : : . 10.5 ; . ; ; - 10.5 : ; : . ;
3 4 5 6 7 3 4 5 6 7 3 4 5 6 7 3 4 5 6 7
gar [%] gar [%] gar [%] gar [%]
0.80 : q : 1 1
- : : — gar = 3.48 %
Steps in each iteration: orst N T P
1. Runs the simulation with the e T T S S
selected values. i o R I, N b, O E
. <C
2. Updates the estimate of the = 2 oeodto b N PN
objective function and its pes b N
Uncertalnty — Experirlnent
. . B e e B e e
3. Selects the next sampling point. 5. 6 7
045 000 025 050 075 100 125 150 175
t [ms]

THEORY USED MODELS

7114

RESULTS



Objective function
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MODEL 2: SELF-CONSISTENT TQ

1. Assimilation: argon appears instantaneously, total number of assimilated argon atoms: Ny, - g 4;-
Hyperresistivity: A(r,t) = A-6(t, — t).
2
2. Self-consistent TQ: Heat diffusion modelled with Rechester & Rosenbluth model: D), = 2+/TRvy, (%B) :

3.  Hyperresistivity is active, temperature evolution is self consistent. Duration of phase: ¢,.
4. Magnetic surfaces heal, hyperresistivity: A(r,t) = 0.
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SELF-CONSISTENT

TEMPERATURE EVOLUTION
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MODEL 3: ARGON INJECTION

1. Assimilation: argon is introduced via source term: v _ Nar - qar ﬂ, and high diffusion coefficient.

dt tar
Hyperresistivity: A(r,t) = A-6(t, — t)

2
2. Self-consistent TQ: Model with Rechester & Rosenbluth model: D;, = 2\/mRv,y, (%B) :
3. hyperresistivity is active, temperature evolution is self consistent. Duration of phase: t,.

4. Magnetic surfaces heal, hyperresistivity: A(r,t) = 0.
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MODEL 3

RE GENERATION, NO RE TRANSPORT
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SUMMARY OUTLOOK

» Simulation of current spike during
disruptions.

. Prescribe_d TQ. Additional parameters
. Self—CO_n_Slst_ent TQ. « Spatio-temporal evolution
* Argon injection. of hyperdiffusion coefficient.

Analysis of more discharges.

* Constraining parameters by
Bayesian optimization.

Using other measurements.

RE generation modelling.
* Time scale of current spike =

time scale of TQ =
time scale of argon assimilation.
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