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Figure 6. Cross power of adjacent ECE channels during on-axis (a),
(c) and off-axis (b), (d) injection for a probe pair that is (a),
(b) outside and (c), (d) inside of qmin. The same logarithmic colour
scale is used for each probe pair ((a) and (b), (c) and (d)).

To quantify these qualitative results, an automated
program that identifies and measures coherent modes in the
ECE data was developed. Selected modes satisfy the following
criteria.

• The mode frequency lies between 0.95fGAM and 1.4fTAE,
where fGAM and fTAE are simple estimates of the GAM
and TAE frequencies, respectively.

• The coherence between the ECE signal and two different
interferometer chords must be statistically significant.

• A candidate mode must appear on at least four ECE
channels.

• Modes that meet the previous criteria must persist
for successive times (separated by 1.2 ms), adjacent
frequencies (separated by 0.2 kHz), and adjacent spatial
channels (typical separation 2 cm).

The normalized amplitude δTe/Te of identified modes is stored
for each ECE channel.

Figure 7 compares the output of this program for
representative on-axis and off-axis cases. For both deposition
profiles, the summed mode amplitude is largest early in time
and outside of qmin. For on-axis injection, modes are visible at
qmin but are virtually absent for off-axis injection. In the core,
the activity is intermittent for on-axis injection and absent for
off-axis injection.

A database of mode amplitudes from the 50 discharges
in the experiment was compiled. (The database avoids
times close to on-axis diagnostic blips for the off-axis cases.)
Figure 8 shows a controlled scan between on-axis and off-
axis injection in the oval shape for a set of discharges that all
had 4.0–4.5 MW of reported beam power in the −BT scan and
3.5 MW of reported power in the +BT scan. The beam mixture
fraction is the ratio of off-axis to total power. A systematic
variation of mode amplitude with beam mix is observed. For
the favourable field helicity, mode activity is virtually absent.
Irrespective of beam mix, the mode activity is weaker near the
magnetic axis than it is outside of qmin.

The trends shown in figure 8 are also observed in plasmas
with nearly circular cross section (figure 9). The AEs are
driven by ∇βf regardless of plasma shape, so it is unsurprising

Figure 7. Summed amplitude of coherent AE activity
∑

δTe/Te
versus major radius and time for (top) on-axis and (bottom) off-axis
injection. The same rainbow colour scale is used in both contour
plots. The line is the approximate location of the radius of qmin.

that oval and circular plasmas have similar dependencies on
the injected beam mix. The correlation shown in figure 8
is degraded slightly by inclusion of discharges with electron
cyclotron heating.

The experimental trends shown in figures 8(b)–(d) are in
excellent agreement with expectations based on the classically
expected beam-ion profile. Figure 8(a) shows a set of
NUBEAM calculations of the classically expected beam-ion
density. These are the profiles that would be obtained for the
measured plasma parameters if there was no anomalous fast-
ion transport. To facilitate comparison, all of the calculations
use identical plasma profiles; the reported neutral-beam
waveforms from the shots in the beam-mix scan replace the
actual beam waveform from the on-axis discharge (#146102).
For the +BT case, the sign of the toroidal field is flipped
within TRANSP. Comparison of the calculations with the
measurements show that, as the predicted ∇βf in the core
becomes smaller, the amplitude of AE activity decreases.

It should be stressed that the classically predicted profiles
are not observed in the experiment. The predictions shown in
figure 8(a) are useful indicators of the instability drive but the
true experimental profiles are flattened by the Alfvén activity,
as previously reported [20, 21]. In fact, the relaxed profiles are
similar for all discharges in the beam-mix scan. Figure 10(a)
shows FIDA profiles measured with the tangentially-viewing
‘main-ion CER’ [31] diagnostic. Irrespective of the mixture
of on-axis and off-axis beams, the fast-ion profiles are similar.
The data from the other FIDA diagnostics also indicate that
the fast-ion profile is nearly identical in all cases. Figure 10(b)
compares measurements of the FIDA feature for all of the
vertically-viewing FIDA channels with valid data. Within
experimental uncertainties, the profiles are indistinguishable.
In contrast, for both systems, at later times in these same
discharges (when the Alfvén eigenmode activity weakens)
substantial differences in profiles are observed.

4. Theoretical analysis

Ultimately, a complete theory of Alfvén eigenmode activity
will describe the nonlinear evolution of multiple modes,

4

[DIII-D, B. Heidbrink 
et al , NF 53, 2012]

off-axis drive, high beam energy (93keV, Q7)

AUG # 31213/16, magnetics

0
10
20
30
40
50
60
70
80
90

-1 -0.6 -0.2 0 0.2 0.6 1
pitch angle

-5e+08
0
5e+08
1e+09
1.5e+09
2e+09
2.5e+09
3e+09
3.5e+09
4e+09
4.5e+09
5e+09

e
n
e
rg
y
[k
e
V
]

Nubeam
NBI density 
@ ρpol=0.4

RSAE, n=1,2



ASDEX Upgrade programme meeting, 25.-29.September 2017

ASDEX Upgrade
Comparison theory-experiment

TAEs at ASDEX-Upgrade (#21007, Mirnov coils)

   Shot 21007: MHA:B31-14

150

200

250

Fr
eq

ue
nc

y 
(k

H
z)

TAEs (n=4,5,6) 

2.0 2.5 3.0 3.5 4.0 4.5
Time (Seconds)

      
 

 
AB:21007

-2.00

-1.95

-1.90

3.60

4.10

4.60

1.
e1

9

 

Btor

density

←
missing 
drive 
(ICRF)

• measured routinely by magnetic pick-up coils (mode number detection), soft-X-ray cameras
(displacement fluctuations), fast ion loss detector (resonance condition)

• B-field ramp, drop in density: Alfvén scaling of TAEs (B/
√

µ0min)

• observed mode numbers (n = 3....7) match orbit widths of ICRH-ions

IPP Colloquium, Garching, January 2009 32

• the accumulation of W in the core decreases the background Te,Ti and thus reduces 
the ion Landau damping of Alfvén eigenmodes (AEs); moves strong EP anisotropy in 
GAM frequency range

• often hollow Te profiles form

• large values of R0∇βα/βback   can arise, off-axis peaked EP distribution function forms; 
AEs propagating in both ion and electron diamagnetic direction; anisotropy in pitch 
angle drives EGAMs

• central ECRH can counteract this accumulation; the increased temperatures (strong 
EP anisotropy is ‘detuned’; increased Landau damping) bring the system below 
excitation threshold → threshold typically Ti ≲1.8keV for q≥2 

• Emax/Ti,th ~90 is comparable to burning plasma parameters (ITER/DEMO: 3,5MeV/
30keV)

• opens possibility to study experimentally the interaction between Alfvénic modes, 
EGAMs i.e. zonal structures and background turbulence: due to the EGAM excitation 
a direct channel from EPs to n=0 modes can be investigated

the physics picture of this scenario:
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physics questions to be clarified:

strongly non-linear EP dynamics at AUG  for sub-Alfvénic neutral beam 
injection raises the following questions:

• experimental conditions?
• study non-linear evolution of various ES and EM modes
• study interaction between different modes (TAEs/RSAEs-EGAMs)
• study interaction of modes with turbulence [Zarzoso/Girardo 2015,Sasaki 

2017;Duarte 2017]
• study scenarios that match projected DEMO parameters in βfast/βth and 

Tfast/Tth 
• why can system arrive at state well above marginal stability (critical 

gradient models would not allow for that state)?

obtain confidence in models and codes towards understanding the 
self-organisation of a burning plasma;

low-β turbulence-EGAM interaction allows to use electrostatic limit 
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reference: 31213
8 successful discharges: 33872,73,74,75; 34184/85/86/87

current

NBI: Q7

central density

inductance

central Te

well reproducible scenario
TAE/EGAM phase
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onset conditions for EGAMs (Ti ≲1.8keV;Te<Ti q≥2 )
 confirmed by new experiments 

central  Te

longer,  more stable phases with EGAMs in new experiments
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scenario developed further (I)

• slightly higher density: more stable transition through q=2/qedge=4 region
• optimised beam blips for measuring Ti

 magnetics

current flat top, 1 MA
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regular sawtooth like crashes at q=2 surface

•  q=2 sawtooth crashes like in 2001-05 JET/JT60U discharges (current holes) - 
is this how advanced scenarios JT-60SA will look like? [A Bierwage, 2016/17]

• EGAMs persistent during these crashes
• surprisingly no variation of EGAM onset frequency - constant Ti! 
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 no Te inversion
instability threshold for EGAM observed

q-profile evolution similar: timing and slope of RSAEs similar
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LIGKA analysis: GAM continuum (ZOW/ZLR)

radius

• both Ti and Te important for mode 
stability;

• strongest anisotropy  has to match 
GAM continuum

• other effects important? propagation?
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#32326

2nd order EGAM excitation: signature of density perturbation

scenario developed further (III)

DIII-D,Fu [2011]: 2nd order outboard midplane density perturbation
is comparable to first-order perturbation
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mode localisation: SXR data

[Horvath, NF 2016]

radial position agrees with reflectometry data, interferometer
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advanced bicoherence analysis [P Poloskei et al IAEA TCM 2017]

signals with rapid chirping (amplitudes, frequency) may cause ‘spurious’ 
bicoherence
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phase randomized bicoherence probability density function calculation 

advanced bicoherence analysis [P Poloskei et al IAEA TCM 2017]
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consistent observation:
similar EP dynamics found in 600kA discharges

with off-axis NBI only [B. Geiger]

co-propagating

counter-propagating

n=0; EGAM
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AUG data inspired wide-spread theory efforts:

• ENR NLED (Zonca); 
• ENR NAT(Lauber) ;  
• MPPC: M. Schneller, (GTS), I. Chavdarovski
• QST, Japan: H. Wang (MEGA), A Bierwage(LIGKA) 

• linear drive
• radial propagation
• non-linear interaction: wave-wave
• non-linear interaction: wave-particle

modeling efforts

Biancalani:ORB5; X. Wang: XHMGC; 
A. Mishchenko: Euterpe, Lauber: LIGKA}
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linear EGAM physics: codes agree rather well
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importance of radial propagation

• analytical/numerical models point out importance of radial GAM/EGAM 
propagation [Zonca 2008, Qiu, 2009,Smolyakov 2009, Sasaki, 
Miki&Idomura 2015, Palermo 2017, etc..]

• nonlinear simulations GYSELA, GTS [Zarzoso, Schneller] and nl-analytical 
models [Sasaki] emphasise the role of radial GAM/EGAM propagation for 
turbulence spreading 

[Schneller, 2017
MPPC meeting;
modified AUG]
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newly developed FLR/FOW analytical
LIGKA allows for radial propagation studies: ω(kr)

vg= ∂ω/∂kr  can be determined from this:

outward propagation for q=2.1

kr ρi

fr
eq

ue
nc

y[
ω

A
]
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stable, global kGAM solutions emphasize importance of
GAM continuum[LIGKA], exp. fEGAM close to fGAM

Φ

|E|

onset exp. EGAM

Te,Ti=const
Ti=Ti,exp;Te=Ti

Ti=Ti,exp;Te=Te,exp

radius [s]

ω
/ω

A

Φ ω=0.058ωA

radius 



ASDEX Upgrade programme meeting, 25.-29.September 2017

ASDEX Upgrade
Comparison theory-experiment

TAEs at ASDEX-Upgrade (#21007, Mirnov coils)

   Shot 21007: MHA:B31-14

150

200

250

Fr
eq

ue
nc

y 
(k

H
z)

TAEs (n=4,5,6) 

2.0 2.5 3.0 3.5 4.0 4.5
Time (Seconds)

      
 

 
AB:21007

-2.00

-1.95

-1.90

3.60

4.10

4.60

1.
e1

9

 

Btor

density

←
missing 
drive 
(ICRF)

• measured routinely by magnetic pick-up coils (mode number detection), soft-X-ray cameras
(displacement fluctuations), fast ion loss detector (resonance condition)

• B-field ramp, drop in density: Alfvén scaling of TAEs (B/
√

µ0min)

• observed mode numbers (n = 3....7) match orbit widths of ICRH-ions

IPP Colloquium, Garching, January 2009 32

to be implemented together with anisotropic shifted Maxwellian
into LIGKA



ASDEX Upgrade programme meeting, 25.-29.September 2017

ASDEX Upgrade
Comparison theory-experiment

TAEs at ASDEX-Upgrade (#21007, Mirnov coils)

   Shot 21007: MHA:B31-14

150

200

250

Fr
eq

ue
nc

y 
(k

H
z)

TAEs (n=4,5,6) 

2.0 2.5 3.0 3.5 4.0 4.5
Time (Seconds)

      
 

 
AB:21007

-2.00

-1.95

-1.90

3.60

4.10

4.60

1.
e1

9

 

Btor

density

←
missing 
drive 
(ICRF)

• measured routinely by magnetic pick-up coils (mode number detection), soft-X-ray cameras
(displacement fluctuations), fast ion loss detector (resonance condition)

• B-field ramp, drop in density: Alfvén scaling of TAEs (B/
√

µ0min)

• observed mode numbers (n = 3....7) match orbit widths of ICRH-ions

IPP Colloquium, Garching, January 2009 32



ASDEX Upgrade programme meeting, 25.-29.September 2017

ASDEX Upgrade
Comparison theory-experiment

TAEs at ASDEX-Upgrade (#21007, Mirnov coils)

   Shot 21007: MHA:B31-14

150

200

250

Fr
eq

ue
nc

y 
(k

H
z)

TAEs (n=4,5,6) 

2.0 2.5 3.0 3.5 4.0 4.5
Time (Seconds)

      
 

 
AB:21007

-2.00

-1.95

-1.90

3.60

4.10

4.60

1.
e1

9

 

Btor

density

←
missing 
drive 
(ICRF)

• measured routinely by magnetic pick-up coils (mode number detection), soft-X-ray cameras
(displacement fluctuations), fast ion loss detector (resonance condition)

• B-field ramp, drop in density: Alfvén scaling of TAEs (B/
√

µ0min)

• observed mode numbers (n = 3....7) match orbit widths of ICRH-ions

IPP Colloquium, Garching, January 2009 32



ASDEX Upgrade programme meeting, 25.-29.September 2017

ASDEX Upgrade
Comparison theory-experiment

TAEs at ASDEX-Upgrade (#21007, Mirnov coils)

   Shot 21007: MHA:B31-14

150

200

250

Fr
eq

ue
nc

y 
(k

H
z)

TAEs (n=4,5,6) 

2.0 2.5 3.0 3.5 4.0 4.5
Time (Seconds)

      
 

 
AB:21007

-2.00

-1.95

-1.90

3.60

4.10

4.60

1.
e1

9

 

Btor

density

←
missing 
drive 
(ICRF)

• measured routinely by magnetic pick-up coils (mode number detection), soft-X-ray cameras
(displacement fluctuations), fast ion loss detector (resonance condition)

• B-field ramp, drop in density: Alfvén scaling of TAEs (B/
√

µ0min)

• observed mode numbers (n = 3....7) match orbit widths of ICRH-ions

IPP Colloquium, Garching, January 2009 32

[M Schneller, MPPC 2017]
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preliminary results:

radial propagation and mode localisation changes in EGAM+turbulence case, 
more complex than in Zarzoso[2015], Sasaki[2017]
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outlook:

new discharge proposals (~#8-10):
• slighty reduce current to prolong stable q~2 phase: 
determine importance of AEs/EGAM and q=2 crashes with 
respect to EP transport (maybe also ECCD necessary)

• attempt elongation scan in flat top
• add ECRH for threshold studies
• add ICRF for impact of drag/diffusion chirping

modelling to be continued step by step
comparison of analytical theory, linear and non-linear simulations 

with experiments ongoing
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FIG. 2. Behaviour bifurcation diagram for γL0 = 0.1 and
νd/νf = 1. The classification of each solution is plotted in
the (γd, νd) parameter space. In the bottom right corner,
superposed symbols show subcritical solutions for which the
amplitude is damped when ωb/γL0 = 0.03, but unstable when
ωb/γL0 = 1.

sult in the (γd, νd) parameter space, in the large-drag
regime, νd/νf = 1. The presence of significant drag
qualitatively modifies the nonlinear bifurcations. Steady-
state, periodic and chaotic solutions, which are devoid of
significant phase-space structure dynamics, are replaced
by long-lived phase-space holes. The periodic chirping
regime almost disappears. We confirmed that steady-
state solutions only exist for collision frequency above
a threshold predicted by analytic theory [30]. More-
over, the boundary between steady and periodic solu-
tions agree with analytic theory when the system is close
to marginal stability. We found nonlinear instabilities in
both subcritical (γ < 0) and barely unstable (γ ≪ γL0)
regime.

We don’t observe neither long-lived clump or down-
chirping dominant cases, which are often observed in
the experiment. Although the reason eludes us, we can
speculate that down-chirping dominant cases in TAE ex-
periments may be the result of reversed magnetic shear,
which effectively brings a minus sign in front of the drag
term in Vlasov equation when the 3D Fokker-Planck op-

erator is projected on the resonant surface. However,
there are other possible causes, such as particular shapes
of f0 with non-constant slope, departures from the adi-
abatic bulk hypothesis, and processes that are not in-
cluded in the BB model.

EFFECTS OF COLLISIONS ON ENERGETIC
PARTICLE-DRIVEN CHIRPING BURSTS

A feature of the nonlinear evolution of AEs, the fre-
quency sweeping (chirping) of the resonant frequency by
10-30% on a timescale much faster than the equilibrium
evolution, has been observed in the plasma core region of
tokamaks JT-60U [33], DIII-D [34], the Small Tight As-
pect Ratio Tokamak (START) [35], the mega amp spher-
ical tokamak (MAST) [36], the National Spherical Torus
Experiment (NSTX) [37], and in stellerators such as the
Compact Helical Stellerator (CHS) [38]. In general, two
branches coexist, with their frequency sweeping down-
wardly (down-chirping) for one, upwardly (up-chirping)
for the other. In most of the experiments, relaxation
oscillations are observed, with quasi-periodical chirping
bursts. The period is in the order of the millisecond.
Chirping bursts are associated with significant transport
of energetic particles, in particular when they trigger
avalanches [39]. This motivates our investigation of the
period of chirping bursts.

Effect of Krook collision on chirping velocity

In Ref. [40], I investigated the effects of collisions on
chirping characteristics, with a one-dimensional kinetic
model. Existing theory predicts the time evolution of the
frequency shift as δω ∼

√
t [20]. In this work, we extend

the latter theory by accounting for Krook-like collisions
with frequency νa, which yields

δω(t) = ±αβ γL0

√
γdt

[

1 −
1

3
(νat) +

7

90
(νat)

2

−
19

1890
(νat)

3 +
1507

1701000
(νat)

4 + . . .

]

. (5)

This is consistent with numerical simulations, where
chirping significantly departs from the widely-accepted
square-root time dependency.

EFFECT OF DRAG AND DIFFUSION ON
CHIRPING PERIOD

I investigated relaxation oscillations, which are associ-
ated with experimental observations of chirping bursts.
These oscillations are recovered in simulations in the
presence of dynamical friction and velocity-diffusion.

2

electric field E ≡ Z exp iζ + c.c. is given by

dZ

dt
= −

mω3
p

4πqn0

∫

f(x, v, t) e−iζ dxdv − γd Z, (2)

where ζ ≡ kx− ωt, and n0 is the total density.
For the ion-acoustic wave model, we include two

species s = i, e, assume collisions are negligible, and do
not filter a particular wave number. The CDIA model is
composed of two kinetic equations,

∂fs
∂t

+ v
∂fs
∂x

+
qsE

ms

∂fs
∂v

= 0, (3)

and a current equation,

∂E

∂t
=

mω2
p

n0q

∑

s

∫

vfs(x, v, t) dv. (4)

NONLINEAR CATEGORIZATION OF THE
BEAM-DRIVEN INSTABILITY

In Ref. [27], we applied the BB model to one dimen-
sional plasma, to investigate the kinetic nonlinearities,
which arise from the resonance of a single electrostatic
wave with an energetic particle beam. We developed
a systematic categorization of the long-time nonlinear
evolution as damped, steady-state, periodic, chaotic and
chirping. A similar categorization had been performed
numerically [21, 29], in the case where collisions are mod-
elled by a simple Krook-like operator with a collision fre-
quency νa. However, Lilley and Lesur have shown that
the inclusions in the collision operator of dynamical fric-
tion, or drag, and diffusion have a strong impact on the
nonlinear behaviour, and is necessary to qualitatively re-
produce experimental chirping AEs [30, 31].
Using our Vlasov code COBBLES Ref. [21, 27, 32], we

scanned the parameter space for a fixed value of the linear
drive normalized to the linear frequency, γL0/ω0 = 0.1.
We developed sub-categories for the chirping regime, as
periodic, chaotic, bursty, and intermittent. Up-down
asymmetry and hooked chirping branches are also cat-
egorized. For large drag, we observed holes with quasi-
constant velocity, in which case the solution is catego-
rized into steady hole, wavering hole and oscillating hole.
We considered two complementary parameter spaces:
1. the (γd, νd) space for fixed νd/νf ratios; 2. the (νf ,
νd) space for fixed γd/γL0 ratios, close to and far from
marginal stability. The presence of drag and diffusion (in-
stead of a Krook model) qualitatively modifies the nonlin-
ear bifurcations. The bifurcations between steady-state,
periodic and steady hole solutions agree with analytic
theory. Moreover, the boundary between steady and pe-
riodic solutions agree with analytic theory. We observed
nonlinear instabilities in both subcritical and barely un-
stable regime. We showed that quasi-periodic chirping
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FIG. 1. Behaviour bifurcation diagram for γL0 = 0.1 and
νd/νf = 5. The classification of each solution is plotted in
the (γd, νd) parameter space. The legend is shared between
Figs. 1 and 2. The letter J indicates the JT-60U discharge
E32359.

is a special case of bursty chirping, limited to a region
relatively far from marginal stability.

Fig. 1 shows the categorization of each simulation re-
sult in the (γd, νd) parameter space, in the small-drag
regime, νf ≪ νd. The phase diagram is qualitatively
similar to what was obtained with Krook collisions, al-
though chirping solutions can be intermittent, bursty or
periodic, in addition to the chaotic behaviour found in
the Krook case. We showed that quasi-periodic chirping
is a special case of bursty chirping, limited to a region
where γd/γL0 = 0.2− 0.7.

Fig. 2 shows the categorization of each simulation re-

νdiff/νdrag=1

ν d
iff
/γ

L0

γd/γL0

[M. Lesur,,2013]
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# EGAM/BAE/
RSAE/TAE

NBI angle behav later heating I B

27923 y/y/y/n 2:0.35-0.5;3:0.38-0.59;80.59-0.63;5:0.63-0.76;7:0.76 6,65

28880 n/y/y/n 2:0.35-0.5;3:0.5-0.6;7:0.6 6,65 1 2,4
28881 y/y/y/n 2:0.35-0.5;3:0.5-0.6;7:0.6 6,65 1 2,4
28883 n/y/n/n 2:0.35-0.5;3:0.5-0.6;7:0.6 6,65 1 2,4
28884 y/y/y/n 3:0.5-0.6;7:0.6 6,65 1 2,4
28885 y/y/y/n 2:0.35-0.5;3:0.5-0.6;7:0.6 6,65 1 2,4
30383 y/y/y/n 7: 0.26-0.75 6,65 Hmode FILD FHA FIPM_09 1 2,6
30945 n/y/n/n 2:0.28-0.376;6:0.382-0.697 6,65 dis@4s 1 2,2
30946 y/y/n/y 2:0.28-0.445;6:0.451-0.928 6,65 Lmode no heating! later TAE??? 1 2,2
30947 y/n/n/y 2:0.28-0.478;6:0.482-0.928 6,65 dis@4s H mode EGAM @1s 100kHz 1 2,2
30948 n/y/y/n 2:0.28-0.491;3:0.497-0.789 6,65 dis@1.2s Q6@0.789 1 2,2
30949 y/y/n/n 2:0.35-0.5;3:0.38-0.79;6:0.79;7:1.0;8:1.2 6,65 dis@1.5 late EGAMs 1 2,2
30950 y/y/y/n 3:0.28-0.295;7:0.312-0.797 6,65 dis@1.5 3:0.8-0.92;6,8@0.9

5,1.1
1 2,2

30951 n/y/n/n 3:0.28-0.295;5:0.312-0.552,8 6,65 dis@1.7 8-0.84;3:-0.99 1 2,2
30952 y/y/y/n 3:0.28-0.295;7:0.312-0.797 6,65 dis@1.18 Q6@0.8 1 2,2
30953 y/y/n/n 3:0.28-0.295;6:0.312-0.753 6,65 dis@1.11 Q2@0.76++ 1 2,2
31213 y/y/y/n 3:0.28-0.295;7:0.296-1.033 7,13 dis@1.7 Q6@1.0 1 2,2
31214 y/y/y/n 3:0.28-0.295;7:0.296-1.033 6,05 dis@1.0 1 2,2
31215 y/y/y/n 3:0.28-0.295;7:0.296-1.033 6,65 dis@1.0 1 2,2
31216 y/y/y/n 3:0.28-0.295;7:0.296-3.045+blips 6,65 Lmode q=2 and qa>4! 1 2,2
31233 y/y/y/n 3:0.28-0.501;7:0.506-3.227 7,13 Hmode Q6@1.0 1 2,2
31234 y/n/y/n 3:0.28-0.310;7:0.318-0.813 7,13 dis@ 0.8 1 2,2
32326 y/n/y/y 7: 0.28 +blips 7.13 EGAMS, TAEs 1 2.2
32327 y/n/y/n 7: 0.28 +blips: 82kV 7.13 transition 1 2.2
32328 n/n/n/n 7: 0.28 +blips +0.5 ECRH 7.13 only turbulence 1 2.2
32329 n/n/n/n 7: 0.28 + blips+0.5 ECRH 7.13 only Alfvenic turb 1 2.2
32384 y/n/y/n 7: 0.28 +blips 93kV 7.13 too high density 1 2.2
32386 y/n/n/n 7: 0.28 +blips: 65kV 7.13 1 2.2
32387 y/n/y/y 7+6: 0.28 +blips: 65kV 7.13 1 2.2
32388 y/y/y/y 7: 0.28 +blips + higher density 93kV 7.13 1 2.2
33872 y/y/y/y 7: 0.28 +blips + higher density 93kV 7.13 diff breakdown no Te inversion 2.2
33873 y/y/y/y 7: 0.28 +blips + higher density 93kV 7.13 diff breakdown no Te inversion 2.5
33874 y/y/y/y 7: 0.28 +blips + higher density 93kV 7.13 dis@1.0 std brkdwn no Te inversion 2.0
33875 y/y/y/y 7: 0.28 +blips + higher density 93kV 7.13 dis@1.0s std brkdwn no Te inversion 2.2
34184 y/y/y/y 7: 0.28 +blips + higher density 93kV 7.13 shape scan  t>0.8 Te inversion 2.2
34185 y/y/y/y 7: 0.28 +blips + higher density 93kV 7.13 shape scan  t>0.8 Te inversion 2.2
34186 y/y/y/y 7: 0.28 +blips + higher density 93kV 7.13 std Te inversion 2.2
34187 y/y/y/y 7: 0.28 +blips + higher density 93kV 6.65 std Te inversion 2.2
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based on #31213@0.84s a reference case was created

http://www2.ipp.mpg.de/~pwl/NLED_AUG/data.html

slightly reversed q

ne=nD

nbeam

ρpol ρpol

ρpol

ρpol

Te[eV]

TD[keV]

ρpol

step1: flat Te,Ti,ne
step 2: ne, flat Te,Ti

step 3: ne, Te=Ti
step 4: ne, Te≠Ti

benchmark
steps:


