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Outline 3/16

1. Synchrotron radiation
2. SOFT

3. Theory-supported analysis in ASDEX-U

» Fluid-kinetic simulations
» Model to fit radial dynamics




Synchrotron radiation 4/16

B Emitted by highly relativistic particles. . .
» (such as runaways)
» ...in forward direction...
» ...with continous spectrum...
B Typically observed at visible wavelengths
in tokamaks

B Sensitive to details of f(r,p, )

Bremsstrahlung
= = Synchrotron
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SOFT — Synchrotron-detecting Orbit Following Toolkit' 5/ 16

B Synthetic synchrotron (and
bremsstrahlung) diagnostic

B Given f(r,p, ) and magnetic field,
reproduces radiation pattern

B Applied to Alcator C-Mod, ASDEX
Upgrade, DIII-D, JET and TCV

B Freely available on GitHub?

B Python analysis framework under
continuous development*

T M. Hoppe et al, NF 58 026032 (2018)
¥ https://github.com/hoppe93/SOFT2
* https://github.com/hoppe93/softplot


https://github.com/hoppe93/SOFT2
https://github.com/hoppe93/softplot

SOFT evaluates radiation from plasma 6/16

Plasma volume

I_/// r ndl(zg’r)f(x,p)dpdVdA

1 = Radiation quantity

f = Distribution function o (’") _ JLifr/risinthe FOV
0, otherwise

dl C .
0= Angular distribution of radiation



SOFT uses guiding-center orbits 7/16

—
Uniform Guiding-center
I—/f( ) (f) rndl o Jdpdrde dpydpidc dA
- 107pH7pJ_ r 3 deJ_ P pH P .

dX dp

where

p = Maximum major radius along orbit
7 = Time parameter along orbit ¢ = Gyro angle
¢ = Toroidal angle J = Trajectory Jacobian



SOFT uses guiding-center orbits 7/16

Uniform Guiding-center

r\ r-ndl
I= / f(p,p;pL)© (T) —3 qg d7dedCdA pLdpdpdp, .

g(psz ’pL)

where

p = Maximum major radius along orbit
7 = Time parameter along orbit ¢ = Gyro angle

¢ = Toroidal angle J = Trajectory Jacobian



SOFT uses guiding-center orbits 7/16

Uni-farm Guiding-center

I = / f(pspy,pL)G (0, oy, pL) pL dpdpydp..
where
p = Maximum major radius along orbit

7 = Time parameter along orbit ¢ = Gyro angle
¢ = Toroidal angle J = Trajectory Jacobian



Experiment: ASDEX-U 35628



ASDEX-U #35628
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ASDEX Upgrade — discharge 35628

t— tinj = 28.8ms 1 — tinj = 39.8 ms




Theory-supported analysis



Theory: Fluid-kinetic simulations (Go+CODE) 10/ 16

B Fluid (Go) + Kinetic (CODE)
B Disruption = many experimental uncertainties

B Avalanche dynamics robust = try match final current (200 kA)

» Skip TQ
» Start with appropriately sized hot-tail seed
» Evolve through CQ and plateau

t— tinj (S)



Theory: Fluid-kinetic simulations (Go+CODE) 11/16

Runaway energy spectrum atr =0
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B Seed is accelerated (Tacc < 5ms)



Theory: Fluid-kinetic simulations (Go+CODE)

11/16
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Theory: Fluid-kinetic simulations (Go+CODE)

11/16
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B Seed is accelerated (Tacc < 5ms)
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B Gradual formation of avalanche distribution



Theory: Fluid-kinetic simulations (Go+CODE) 11/16

[‘* Remnant seed

200
p/me

B Seed is accelerated (Tacc < 5ms)

~

B Gradual formation of avalanche distribution
B Spot shape change after ~ 27 ms



Theory: Fluid-kinetic simulations (Go+CODE) 11/16

[‘* Remnant seed

% 50 75 100 125 150 175 200
p/me

B Seed is accelerated (Tacc < 5ms)
B Gradual formation of avalanche distribution
B Spot shape change after ~ 27 ms

B Slow avalanching (7aya > 27 ms)
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Theory: Fluid-kinetic simulations (Go+CODE) 12/ 16
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Theory: Fluid-kinetic simulations (Go+CODE) 12/ 16

Distribution functionat r /a = 0
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Model: Seed dominated scenario

13/16

/“ Remnant seed
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Recall: Only dominant emitters matter
— in a seed dominated scenario, GO+CODE simulations suggest

fr,p, &) = fr(r)é (p — p*) exp (CE)

B Synchrotron simulations insensitive to exact p*
B Pitch distribution is (approximately) steady state



Model: Fitting result 14/ 16

fr,p, &) = fr(r)é (p — p*) exp (CE)

fr(r) o«c1—17/(17cm),
Good fit: ¢ p* = 42me,
C = 100,
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Model: Spot shape transition 15/ 16

t—tinj =28ms ¢ —tiy; =29ms B Synchrotron spot transition,
ellipse — crescent

& o B Sub-ms event: assume momentum
] E N distribution changes negligibly




Model: Spot shape transition 15/ 16

t—tinj:28ms t—tmj:29ms

‘ t Synchrotron spot transition,
: : ellipse — crescent

Sub-ms event: assume momentum
distribution changes negligibly
—> Consistent with runaway

profile flattening
(reconnection)




Model: Spot shape transition 15/ 16

— t— tinj = 28.81ms
-t —tin; = 29.8ms

B Synchrotron spot transition,
ellipse — crescent

. . B Sub-ms event: assume momentum
r (cm) ‘ distribution changes negligibly
B — Consistent with runaway
profile flattening
(reconnection)




Summary 16/ 16

B Go+CODE+SOFT simulations of ASDEX-U disruption suggest we observe the
runaway seed on visible camera

B Motivates simple model for synchrotron fitting purposes

B Synchrotron spot shape change in ASDEX-U #35628 consistent with
flattened runaway density profile
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