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Excite a Disruptive Kink Instability of RE Beam:
An Alternate Path to RE Mitigation?
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• Phenomenology of RE Loss at Low qa

• Observed Pathways to D2 + Kink RE Loss

• MHD Modeling of RE Loss via Kink Modes

• Database Study: Effect of Z, qa, IP

Outline
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• Phenomenology of RE Loss at Low qa

• Observed Pathways to D2 + Kink RE Loss

• MHD Modeling of RE Loss via Kink Modes

• Database Study: Effect of Z, qa, IP

Outline
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Low Safety Factor RE Dynamics Accessed 
by Deliberately Increasing the RE Beam Current

C. Paz-Soldan et al, PPCF 61 054001 (2019) 

• Applied loop voltage (solenoid 
push) causes increased RE current

• Eventually reach qa = 2

• Magnetic bursts get progressively 
larger as qa = 2 is reached
– 1 kG kink mode → dB/B ~ 5%

• RE beam is promptly terminated 
by huge dB/B (second disruption)
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Detailed order of events (sub-ms)
1. Stab. boundary crossed (qa=2) 
2. Fast (Alfvenic) MHD excited
3. HXR flash + ECE drop à RE loss
4. ne,free jump à RE to bulk current
5. IP spike à disruption of beam
6. Regular current quench follows

– No indications of surviving REs

Detailed View Reveals Prompt Loss of all REs
Followed by Prompt Conversion of RE to Bulk Current

(this one was a double-burst)

C. Paz-Soldan et al, PPCF 61 054001 (2019) 
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• Phenomenology of RE Loss at Low qa

• Observed Pathways to D2 + Kink RE Loss

• MHD Modeling of RE Loss via Kink Modes

• Database Study: Effect of Z, qa, IP

Outline
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• Phenomenology of RE Loss at Low qa

• Observed Pathways to D2 + Kink RE Loss

• MHD Modeling of RE Loss via Kink Modes

• Database Study: Effect of Z, qa, IP

Outline
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• Use resistive MHD framework
– No special provision for REs

• Recovers fast (~10 µs) 
Alfvenic MHD growth
– As seen in experiment

• Extract qa~2 kink mode 
eigenfunction trace RE orbits 
with dB scaled to experiment

• dB’s quoted are at the 
magnetic sensor location
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qa~2 Kink Instability of RE Beam Modeled1 with MARS-F
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Orbit Following w/ MARS-F Predicted Mode Structure 
Used to Determine the Critical dB for Complete RE Loss
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Toroidal modeling of runaway electron loss due to 3-D fields 8
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Figure 3. The same results as in Fig. 2, but plotted on the 2-D R� Z plane for the
launching location of REs.

simulation. Certain patterns can be observed on this 2-D plane. Generally, more

’striation’ of the hitting points occurs with increasing the field amplitude. This

favorable feature is understandable, since larger perturbation leads to stronger field

line stochasticity, which in turns scatters the REs more. We emphasize that the

toroidal variation of the striation pattern is obtained by launching all REs from the same

(reference) toroidal angle. On the other hand, we have launched particles from di↵erent

toroidal angles and found similar toroidal pattern to that shown in Fig. 4. Because the

toroidal distribution of lost REs on the limiting surface is much more uniform compared

to that along the poloidal angle, we shall mainly focus on quantifying the poloidal

distribution of REs.

Figure 5 shows the RE distribution function along the poloidal angle of the limiting

surface (note that the equal-arc definition is used for the poloidal angle), after counting

all lost REs along the toroidal angle but at the same poloidal location. The histogram

is then translated into a distribution function by cubic-spline interpolation. Note that

we normalize the peak value of the distribution to unity, for the purpose of comparing

di↵erent RE los patterns at di↵erent perturbation amplitude. Generally, widening and

striation of the lost RE distribution are evident with increasing �Bp, although the lost

REs, with 10 MeV initial energy, still largely hit the HFS of the limiting surface. At

1 kG level perturbation (when essentially all REs are lost), the ’wetted’ area in the

limiting surface covers about 100 degrees along the poloidal angle near the HFS.

Next, we define the RE loss fraction, by counting all particles hitting the limiting

surface and dividing the total number by the number of initially launched particles. The

loss fractions, as functions of the simulation time, are plotted and compared in Fig. 6,

with di↵erent levels of the perturbation amplitude. We note several important e↵ects

in the RE loss shown here. First, sharp rise of the loss fraction occurs within the initial

⇠ 1 µs time window, indicating prompt RE loss due to large drift orbits [21]. This
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VDE Case Reveals Similar dB Required for Loss 
… after Distance Correction (200x) Included

Bp=0 Bp=30 G à 6 kGBp=10 G Bp=20 G

Following only
l0=0.1, 25 MeV
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Loss Pattern Becomes more Distributed as dB Increases 
in Both Scenarios = Hypothesis For Lack of Wall Heating
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Figure 4. Poloidal and toroidal distribution of lost REs on the DIII-D limiting surface
after the simulation time of about 16 µs. The REs are launched with the initial pitch
angle of �0 = 0.1, the initial particle energy of p0 = 20 (⇠ 10 MeV), and with a
uniform initial distribution along the plasma minor radius  p and the poloidal angle.
Scanned is the perturbation field amplitude �Bp at (a,e) 0 G, (b,f) 200 G, (c,g) 500
G, and (d,h) 1000 G levels. The initial parallel velocity of REs is assumed to be either
(a-d) co- or (e-h) counter-direction to the equilibrium plasma current.

s=+1(a)

s=-1(b)

Figure 5. The RE loss distribution along the poloidal angle of the DIII-D limiting
surface, for particles launched with initial parallel velocity being in either (a) co- or (b)
counter-direction to the equilibrium plasma current. The REs are launched with the
initial pitch angle of �0 = 0.1, the initial particle energy of p0 = 20 (⇠ 10 MeV), and
with a uniform initial distribution along the plasma minor radius  p and the poloidal
angle. Varied is the perturbation field amplitude �Bp from 0 to 1000 G. The peak
value of the distribution function is normalized to unity.
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• Phenomenology of RE Loss at Low qa

• Observed Pathways to D2 + Kink RE Loss

• MHD Modeling of RE Loss via Kink Modes

• Database Study: Effect of Z, qa, IP

Outline
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• Highest dB @ high IP & low qa
– Only accessed with D2 so far

• Roughly similar MHD (dB) so 
long as IP & qa matched
– Systematic data lacking

• Let’s look deeper
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• Same VDE imposed by external PF 
coils, background species varied

• D2 cases shrink to low qa @ const. IP
– Large kink @ qa=2 then dumps all REs

• Ar/He cases suffer many smaller 
kinks at higher qa and lose IP
– Don’t reach low qa @ high IP (if ever)
– Helium appears “high-Z” in this regard
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• Similar MHD Magnitude found at 
final loss (matched IP/qa)

• Solenoid stops pushing in high-Z 
cases
– Need dedicated experiment
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Discharges with Same Program Can Fail to Reach qa=2
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• Same IP & Shape Program
– Qty of Ar used to form RE differs
– “Clean” vs “Dirty” Beams

• Divergence of trajectories occurs 
when crossing qa=3 w/ minor kinks
– MHD loses some of IP in 2/3 shots
– Compression not enough for qa=2
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• Same IP & Shape Program
– Qty of Ar used to form RE differs
– “Clean” vs “Dirty” Beams

• Divergence of trajectories occurs 
when crossing qa=3 w/ minor kinks
– MHD loses some of IP in 2/3 shots
– Compression not enough for qa=2

• dB at qa=3 similar in all 3 shots !!
– Beams with more Ar loses “purge”, 

becomes resistive, suffers minor kinks
– Cleaner D2 beam survives qa=3 

without losing collisionless state
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• Phenomenology of RE Loss at Low qa
– 1-2 big kinks dump all REs benignly – a new path to RE mitigation?
– Kinetic energy spread throughout first wall via large wetted area
– Magnetic energy dissipated Ohmically during long CQ without REs

• Observed Pathways to D2 + Kink RE Loss
– Phenomenon seen with 1) rising IP, 2) constant IP, 3) with imposed VDE
– All examples in DIII-D have D2 secondary injection and reach qa=2

• MHD Modeling of RE Loss via Kink Modes
– Supports large dB/B (~ 5 %) dumping all REs with large wetted area 

• Database Study: Effect of Z, qa, IP
– Find D2 “purity” enables eq. access to low qa @ high IP à big dB
– Low purity: high qa minor kinks increase Z & drop IP. à No big dB
– High purity: survives minor kinks to reach big kinks @ low qa / high IP
– Similar dB at all purities if qa and IP are matched – but impact different

Conclusions
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Bonus Slides
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• Does the recipe require the solenoid to be pushing?
– Can we promote low qa in ITER via PF pushing? (Area contraction)

• D2 Purity: Why does same dB lead to different outcomes on IP?
– Direct kinetic effect of dB interaction with f(E) in high vs low Z?
– Role of partial screening in avalanche? (see bonus slide)

• Can we minimize internal inductance in ITER? (RE seed @ edge) 
– Allows access to large kink instability (large dB) at higher qa

• What is the maximum D2 purity achievable in ITER?
– … while maintaining high-Z for primary injection / TQ loads

• How do we predict the dB assuming low qa is accessed?
– Will the RE loss be complete enough that the subsequent CQ 

doesn’t re-accelerate REs via avalanching (purity matters also)?

Open Questions for Further Exploration (Exp. + Model)
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• Almost all central features are the same. Idiosyncrasies exist:

• JET sees phenomenon at qa=2,3,4,5 while DIII-D only at qa=2
– Internal Inductance role? If JET is lower li, expect big kinks @ qa>2
– Magnitude of IP may matter: higher IP may compensate higher qa

• JET reports largest dB found with high argon fraction & low IP
– ???
– Possible role of dB/dt? See C. Reux’s talk at this conference…

My Views on Differences Observed from JET:
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Abstract
DIII-D Exploration of the D2+Kink Path to Runaway Electron Mitigation in Tokamaks 
 
C. Paz-Soldan1, Y.Q. Liu1, N. Eidietis1, E. Hollmann2, P. Aleynikov3, A. Lvovskiy1, D. Shiraki4,  
 
1General Atomics, PO Box 85608 San Diego, CA 92186-5608, United States of America  
2University of California-San Diego, La Jolla, CA 92093, United States of America 
3Max-Planck Institute for Plasma Physics, Greifswald, Germany 
4Oak Ridge National Laboratory, Oak Ridge, TN 37831, United States of America 
 
A novel path to runaway electron mitigation in tokamaks found by combining an impurity-free 
(deuterium) background plasma with current-driven kink excitation at low safety factor (qa) is 
being explored for its application to ITER and beyond. This contribution will 1) summarize 
published DIII-D results [1], 2) present more recent database studies and 3) discuss a planned 
DIII-D experiment targeting open questions in this topic. 
 
Discussion of published [1] results will focus on the details of the final loss and magnetic 
reconstruction of the candidate instability. The detailed dynamics of the kink MHD-driven final 
loss using fast interferometry support a prompt (sub-ms) conversion of RE to bulk Ohmic 
current without regeneration. Sub-ms loss of REs is predicted to be due to a near-complete 
MHD-driven prompt loss of the RE population. MHD instability magnetic reconstruction reveals 
that early instabilities at high qa (⪆	4) are likely internal or resistive kinks (at higher poloidal 
mode number), while at qa ≈ 2 the most destructive instabilities are either internal or external 
kinks with low-order poloidal mode number (m=2). The HXR loss magnitude is found to be 
proportional to the perturbed magnetic field and exhibits a helical spatial pattern. 
 
A recent database analysis reveals that similar dynamics to that discussed in [1] has also been 
observed in impurity-free vertically unstable RE beams, with large-scale MHD found as the 
plasma cross section contracts, lowering qa. This database also reveals that both a large RE 
current as well as a low qa promote the large kink amplitude needed to promptly deconfine the 
REs. The role of the background impurity content is found to modify the vertical instability 
dynamics but does not appear to clearly modify the kink amplitude if plasma current and qa are 
matched. 
 
New DIII-D experiments are planned to assess several open questions related to this novel path 
to runaway electron mitigation. The experimental plan will be summarized, and if results are 
available by the time of the conference they will be presented in a preliminary fashion. 
 
Work supported by US DOE under DE-FC02-04ER54698 and DE-SC0020299. 
 
[1] C. Paz-Soldan et al, Plasma Phys. Control. Fusion 61 054001 (2019) 
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RE Beams in Fusion-Grade Plasmas Should be More 
Susceptible to Low qa Kink Instability due to High IP

RE Beam

492
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Fig. 11.  (Color online) Evolution of  for cases 1–6
(the growth rate for the internal kink mode is color-coded
( ) and an empirical stability boundary (blue line) as
found in JET [17].
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Fig. 12. Time evolution of growth rate dependence on the
RE seed amplitude with  for case 1 (
1.5 MA, dotted curve); case 2 (  kA, solid
curve); and case 3 (  A, dashed-dotted curve),
excluding  mode.
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Fig. 13. Time evolution of growth rate dependence on RE
seed current profiles with various RE seed amount and
width: case 4 with  kA and  (dashed-
dotted curve); case 5 with  kA and 
(solid curve), excluding  mode; and case 6 with

 MA and  (dotted curve).
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These are the cases where q0 goes below unity, so that
the m = n = 1 mode is expected.

It follows from Fig. 8 that a lower seed current
amplitude generally results in a higher instability
growth rate (due to a higher resultant li and lower qa).
The same trend is found with the decrease of the seed
profile width (see Fig. 9).

Our findings are in agreement with the empirical
stability boundary found in JET experiments [17]. Fig-
ure 11 demonstrates  evolution for all 6 cases.
The black part of the curves belongs to equilibria with
negligible instability growth rate, while the color of the
rest of the curves encodes the growth rate. The black
line is taken from Fig. 2 of [17] to indicate an empirical
stability boundary found in JET.

Although the  mode has a relatively high
growth rate, it is not certain that it will significantly
affect the course of the VDE [18]. This mode will most
likely result in a f lattening of the RE current profile in
the plasma centre without significant losses of RE
(remember that this effect is not taken into account
self-consistently in the present study). Then, more
dangerous external modes have to be evaluated.

Omitting the  mode from the consider-
ation, we find that a variety of other modes develop
during the profile evolution. The growth rate and a
selection of mode structures are shown in Figs. 12–14.

Cases 1 and 5 with wide and high seed RE profile
have moderate final  values (see Fig. 11), which
ensure more current at the boundary accompanied by
external kink and  tearing modes (left and middle
plots in Fig. 14) and may result in fast bursts and RE
losses [19]. In case 1 (high RE seed with moderate
peaking), a long-lasting internal tearing mode ,

aq li−

1m n= =

1m n= =

li

2q =

( 2m =

 appears during almost the whole course of the
VDE. Although in these cases the growth rate is lower
than in the other cases, it is still high enough for the
instability to develop on the timescale of the VDE,
expected to be on the order of 100 ms in ITER.

The cases with high final  (cases 2−4) and the
stand-alone case 6 (with the highest current density at
the boundary) show external kink instability only

1)n =

li

??

• Predicted1 RE beam equilibrium 
evolutions in ITER often cross 
macroscopic MHD limits
– Predict low safety factor (qa)

• More difficult to access low qa in 
present experiments (low IP)
– Significant radius contraction 

generally needed (& IP still low)
– It’s a current driven instability !!

Edge Safety Factor (qa )
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1Aleynikova et al, Plas. Phys. Rep. 2016

Kink Limit

Vary RE seed current

ITER Modeling w/ DINA1

019-19/JC/jy
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• Increasing Purity Reduces Avalanche Gain at All Scales

Post-Kink Current Quench Can Re-Avalanche REs
… in ITER, Require Very High Fraction of RE Loss via Kink

5

FIG. 3. Post-crash CQ in DIII-D.

jre0 = 1e-10,
n_0 = 3e22/180,
n_Z = np.logspace(np.log10(n_Z_max/1e6), np.log10(n_Z_max), 100),
atomic = Ar,
LS_2piR = LS_2piR(major_radius=2.6,minor_radius=0.83,l_i=1.5)[0],
RP_avalanche= True)

Figure 4 shows current quench time, maximum temperature and RE avalanche amplifi-

cation for j = 0.35 MA/m2, nD = 1.6 · 1020m�3, Li ⇡ 6.5µH, a = 0.83 m and a range of

Argon densities. At such a low current density the Ohmic heating is weak, making access

to the two regimes: 100 eV < T
max
e < 200 eV and T

max
e � 200 eV di�cult.

Note that the growth of the avalanche amplification with the increase of Argon content

is connected mostly with the e↵ect of partially screened impurities. In the limit of abso-

lute screening (i.e. classical Rosenbluth-Putvinski theory) the net avalanche gain has no

dependence on the CQ time and plasma resistivity evolution. It is given by Eq. (99) in [1] :

ln
Ire(1)

Ire(0)
=

lip
Z + 5 ln⇤

I(0)� Ire(1)

IA
, (7)

where IA = 17 kA is the Alfvén current and li is the internal inductance parameter. The

avalanche gain calculated using the Rosenbluth-Putvinski formula is shown in Fig. 3 with

the dashed curve.

6

FIG. 4. Post-crash CQ in JET.

ITER

Analogous calculations for ITER-size beam (a = 1.5 m, I ⇡ 10 MA) show a much

stronger avalanche amplification (Fig. 5),since gain is exponentially proportional to the pre-

crash current I(0)
IA

(see Eq. (7)). The densities comparable to those found in Ref. [5] are

required to mitigate the RE regeneration after the RE beam crash in ITER.

[13]: n_Z_max = 3.e22/180
s_iter = CQ_solve(j0 = 1.4e6,

jre0 = 1e-40,
n_0 = 3e22/180,
n_Z = np.logspace(np.log10(n_Z_max/10000),np.log10(n_Z_max),

,!100),
atomic = Ar,
LS_2piR = LS_2piR(major_radius=5.2,minor_radius=1.5,l_i=1.

,!5,superconducting_wall=True)[0],
rtol = 1e-13)

[1] B. N. Breizman, P. Aleynikov, E. M. Hollmann, and M. Lehnen, Physics of runaway electrons

in tokamaks, Nuclear Fusion 59, 083001 (2019).

7

FIG. 5. Post-crash CQ in ITER.

[2] P. C. de Vries, G. Arnoux, A. Huber, J. Flanagan, M. Lehnen, V. Riccardo, C. Reux, S. Jach-

mich, C. Lowry, G. Calabro, and et al., The impact of the iter-like wall at jet on disruptions,

Plasma Physics and Controlled Fusion 54, 124032 (2012).

[3] P. C. de Vries, M. Baruzzo, G. M. D. Hogeweij, S. Jachmich, E. Jo↵rin, P. J. Lomas, G. F.

Matthews, A. Murari, I. Nunes, T. Pütterich, C. Reux, and J. V. and, The influence of an

ITER-like wall on disruptions at JET, Physics of Plasmas 21, 056101 (2014).

[4] J. R. Mart́ın-Soĺıs, A. Loarte, and M. Lehnen, Runaway electron dynamics in tokamak plasmas

with high impurity content, Physics of Plasmas 22, 092512 (2015).

[5] J. Martin-Solis, A. Loarte, and M. Lehnen, Formation and termination of runaway beams in

ITER disruptions, Nuclear Fusion 57, 066025 (2017).

JETDIII-D ITER

Gain ~ 102 Gain ~ 104 Gain ~ 1024
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Courtesy P. Aleynikov
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Instability Found in Vertically Unstable Case
Sensor Samples Eigenfunction Weakly vs. Floor

0 0.5 1
s p

1/2

0

50

100

150

200

250

|
s|

-10

1 2

3

4

5
6789

0 100 200 300
geom. pol. angle [deg.]

0

10

20

30

40

50

|B
p|

 [G
au

ss
]

1 2
R [m]

-1.5

-1

-0.5

0

0.5

1

1.5

Z 
[m

] Sensor



32 C. Paz-Soldan/IAEA-TM/07-2020

Toroidal modeling of runaway electron loss due to 3-D fields 10
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Figure 6. The particle loss fraction versus the simulation time, for REs launched with
initial parallel velocity being in either (a) co- or (b) counter-direction to the equilibrium
plasma current. The REs are launched with the initial pitch angle of �0 = 0.1, the
initial particle energy of p0 = 20 (⇠ 10 MeV), and with a uniform initial distribution
along the plasma minor radius  p and the poloidal angle. Varied is the perturbation
field amplitude �Bp from 0 to 1000 G.

occurs at di↵erent perturbation levels, with stronger prompt loss at higher field. This

initial fast loss is followed by a second phase at much slower loss rate, with the final

saturation reached after about 15 µs of the simulation time. The saturated loss fraction

generally also increases with the perturbation amplitude, reaching 90-100% level with 1

kG field perturbation due to the n = 1 resistive kink instability.

We caution that the RE loss fraction reported in this work may slightly vary if

particles were launched in di↵erent ways in the configuration space. For instance, the

particles can be initially uniformly populated in the R � Z space, in stead of in the

 p��0 space as adopted in this work. The qualitative conclusions, however, should not

be sensitive to such details. In particular, the main conclusion of nearly 100% RE loss,

achieved at 1 kG level of field perturbation with the n = 1 resistive kink structure, does

not depend on how the REs are initially distributed.

We have so far assumed 10 MeV for the REs initial energy. Similar studies have

also been carried out for REs with higher energy levels. Figure 7 compares the RE

loss fraction for REs with initial energy of 10, 25 and 50 MeV, while fixing the field

perturbation level at �Bp = 500 G. The saturated loss fraction generally increases with

the particle energy. The dependence is more regular for co-current REs. It is also

interesting to note that, during the initial phase of simulation, the co-current REs with

higher energy experiences less prompt orbit loss - an observation (and explanation) also

made in our previous study [21].

The REs loss pattern on the DIII-D limiting surface also varies with the particle

energy. Figure 8 plots the loss distribution along the poloidal angle, for 50 MeV REs.

At low perturbation level (e.g. �Bp = 200 G), the lost REs are clustered in the HFS

region of the limiting surface, similar to that of 10 MeV REs shown in Fig. 5. The loss

Toroidal modeling of runaway electron loss due to 3-D fields 11
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Figure 7. The particle loss fraction versus the simulation time, for REs launched with
initial parallel velocity being in either (a) co- or (b) counter-direction to the equilibrium
plasma current. The REs are launched with the initial pitch angle of �0 = 0.1 and
varying initial particle energy: p0 = 20, 50, 100. The perturbation field amplitude is
fixed at �Bp = 500 G.

distribution, however, is di↵erent with high perturbation field (e.g. �Bp = 1000 G) for

high-energy co-passing REs, as shown by Fig. 8(a). A significant amount of REs are

also scattered and lost to the LFS region of the limiting surface. The total wetted area

covers about 200o along the poloidal angle for 50 MeV co-current REs lost by 1 kG field.

On the other hand, not much REs are lost to the top and bottom regions of the limiting

surface. This pattern holds for all REs with di↵erent initial energies. Similar to the

10 MeV case, the counter-passing 25 MeV REs mainly lost to the HFS of the limiting

surface covering about 100o poloidal angle, independent of the field perturbation level.

In order to obtain a global characterization of the RE loss to the limiting surface, we

define the peaking factor of the loss function, as the ratio of the peak value to the mean

value. In view of the machine protection, it is certainly desirable to minimize the peaking

factor. Figure 9(a) compares the peaking factor of the RE loss distribution versus the

resistive kink field perturbation amplitude, for di↵erent assumptions on the particle’s

initial energy. For co-current REs, the peaking actor decreases with the perturbation

amplitude. No such general trend occurs for the counter-current REs. The dependence

on the particle energy is generally non-monotonic, but the 50 MeV counter-current REs

generally have low peaking factor. The lowest peaking factor of about 5, among all cases

considered in Fig. 9(a), is achieved for co-current 50 MeV REs in the 1 kG perturbation

field.

The dependence of the saturated RE loss fraction is more monotonic as shown

in Fig. 9(b). For REs traveling in either co- or counter-current directions, the loss

fraction increases with the perturbation amplitude as well as the particle initial energy.

Importantly, with the 1 kG field perturbation level, the loss fraction reaches nearly

100% independent of the RE’s energy and traveling direction. This robust behavior

is firmly consistent with the experimental observation of full loss of the DIII-D high

Time Dependence of RE Loss for Centered Case
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Magnetic Structure of Penultimate and Final Instability 
Consistent with External (or Internal + External) Kink

• Data compared to MARS-F modeling
– MARS-F details: YQ Liu et al

• Mode phase follows predictions for 
2/1kink mode
– Resistive kink excluded based on 

mode phase

• Amplitude strongly HFS localized due 
to spatial proximity of RE beam to HFS

C. Paz-Soldan et al, PPCF 61 054001 (2019) 
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Vloop increases with D2 injection - supports dissipation on neutrals

• Greater Vloop is 
required to run the 
RE current when 
more D2 is injected

• This is a good 
support for 
hypothesis that RE 
dissipation on D2

neutrals is important

168  Torr-l271556D2 724

D2 amount injected
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Features of D2 Purged RE State:
• Ar expelled (no Ar line radiation)

• Collisionless (low Vloop)
– Dissipation on D2 neutrals2,3

• Fully recombined (no ne,free)

• Generically observed worldwide

Big Kink Phenomenon is Observed Only
When RE beam is “Purged”1,2 of Ar by D2 Injection

1Shiraki et al, NF 2018  2Hollmann et al, PoP 2020
3Lvovskiy et al, NF 2020



36 C. Paz-Soldan/IAEA-TM/07-2020

• Explore role of VDE to big kink (compare centered to VDE)
– and related role of solenoid (regulating IP vs not)
– Cross kink boundary via IP-dot, a-dot, BT-dot
– Key data gap: D2 VDEs at high IP w/ High-Z Match

• Explore role of D2 / Z / purity to kink + loss phenomenology
– Proposal: use centered beams to simplify this part

• Explore stability space to big kink in DIII-D (more stats)
– Natural knobs are IP, BT, and beam size

High-Level Goals of Upcoming Experiment

Important note: Plan around DIII-D’s RE current limit of 0.6 MA

!!~
#$"
%#
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Simplest Path to Study Phenomenon of Interest:
D2 Purge, take IP to limit, and slowly compress into CP

RE Beam
 Cross Section

177040.01030

compress

Late
Compression

(critical)

Argon Pellet
+ D2 Purge
(make REs)

IP
Ram

p to

60
0 k

A

Early
Compression
(sub-critical)

BT

IP

IP timing = BT scan
IP ramp rate = li scan
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VDE


