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1. Consolidated	results	

• Size	of	the	diffusion	coefficient,	DZ
• Scaling	of	impurity	confinement	time	(tI)	with	Z
• Scaling	of	DZ with	Ti/Te
• Gyrokinetic impurity	transport	simulations

2. Recent	results	and	ongoing	work

• Impurity	profile	peaking	and	accumulation	in	CIRC
• DZ in	high and	low	confinement	scenarios
• The	role	of	impurities	on	turbulence	suppression
• Modeling	in	OP2:	TSVV	Task	Stellarator Turbulence	Simulation

3. Conclusions	and	open	questions	for	OP2



Turbulent impurity transport in W7-X: the size of D
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• Successful	operation	of	the	LBO	system	at	W7-X,	allowing	good	control	of	injection	of	Fe	at	trace	
concentration	[Th.	Wegner	et	al.	RSI	89 2018].

• Assumption	of	strong	anomalous	diffusion	needed	in	STRAHL	to	fit	the	evolution	of	emission	lines	
in	low	density	plasmas	with	strong	ECRH:	Dano ∼102×DNC

• What	about	other	signs	of	turbulence-driven	impurity	transport?	

[B. Geiger et al. 2019 Nucl. Fusion 59 046009]



Turbulent impurity transport in W7-X: lack of Z-dependence
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Anomalous vs.	Neoclassic	Transport:

§ Weak	Z-dependence	and	small	transport	times
§ Neoclassical	calculations	predict	Z-dependence	

(x5)	and	higher	transport	times	(x40)

Open	Questions /	To Do‘s:
§ Observed in	low density CERC	scenarios⇒

what about turbulence suppressed Ion	Root	
Core	(CIRC)	scenarios?

x40

[A. Langenberg et al. Physics of Plasmas (2020)]



Turbulent impurity transport in W7-X: dependence on t=Ti/Te
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• From	a	series	of	time	instants	during	ECRH	power	
scan	with	different	t=Ti/Te and	LBO-injected	Fe:

o Increasing	t ⇒ Linear	stabilization	ITG	and	higher	
critical	gradient	(a/LT,crit)	(from	GENE	linear	
simulations).

o Increasing	t ⇒ reduction	in	the	normalized	
fluctuation	level	(PCI	measurements)

o Increasing	t ⇒ decrease	of	diffusion	coefficient	(DZ)	
or,	equivalently,	enhanced	impurity	confinement.	

[Th.	Wegner	et	al.,	NF	Letters	60,	2020]



GK simulations: ITG and TEM driven impurity transport
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• First	turbulent	simulations	of	impurity	transport	with	stella [García-Regaña et	al.	JPP	2021]
• Dominant	weakly	Z-dependent	ordinary	diffusion	(DZ1),	negligible	thermo-diffusion	(DZ2)	

confirmed	for	TEM and ITG background	turbulence
• In	the	absence	of	pressure	gradients	(CZ)	⇒ anti-pinch	(TEM) and pinch	(ITG)	contributions.

• Next:	comparison	of	nonlinear	simulations	for	specific	discharges	and	comparison	against	
experimental	results.

ITG TEM



GK simulations: (anti-)pinch and geometry
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• Quasilinear	theory	[Helander&Zocco PPCF	2018]	predicts	anti-pinch	(CZ)	if	impurity	
fluctuations	peak	in	good	curvature	regions.	

• GENE simulations	applied	to	validation	of	numerical	simulations	with	theoretical	predictions

o For	ITG:	CZ leads	to	inward	flux	in	W7-X	as	well	as	in	tokamak,	dnZ peaks	at	bad	curvature	
regions.

o For	TEM:	CZ leads	in	W7-X	to	outward	impurity	flux,	where	dnZ and	good	curvature	
regions	overlap.	

o Max-J	property	helps	but	it	is	not	necessary,	similar	response	found	in	min-J	configs.	like	
low	mirror	can	have	similar	response	[Alcusón et	al.	ongoing	2021].

o Quasilinear	theory	generalized	including	collisions,	with	minor	role	for	reactor-relevant	
conditions	[Buller&Helander JPP	2020]

Curvature Ar16+ density fluctuations Curvature Ar16+ density fluctuations

Magnetic direction Magnetic direction

ITG TEM



GK simulations: (anti-)pinch and geometry
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• Quasilinear	theory	[Helander&Zocco PPCF	2018]	predicts	anti-pinch	(CZ)	if	impurity	
fluctuations	peak	in	good	curvature	regions.	

• GENE	simulations	applied	to	validation	of	theory	vs.	numerical	simulations.

o For	ITG:	CZ leads	to	inward	flux	in	W7-X	as	well	as	in	tokamak,	dnZ peaks	at	bad	
curvature	regions.

o For	TEM:	CZ leads	in	W7-X	to	outward	impurity	flux,	where	dnZ and	good	curvature	
regions	overlap.	

o Max-J	property	helps	but	it	is	not	necessary,	similar	response	found	in	min-J	configs.	like	
low	mirror	can	have	similar	response	[Alcusón et	al.	ongoing	2021].

o Quasilinear	theory	generalized	including	collisions,	which	seems	to	play	a	minor	role	for	
reactor-relevant	conditions	[Buller&Helander JPP’20]

Curvature Ar16+ density fluctuations Curvature Ar16+ density fluctuations

Magnetic direction Magnetic direction

ITG TEM

Neoclassical DZ and tI are O(100) smaller than experimentally inferred in 
CERC plasmas.

DZ scales with Ti/Te as ITG instability does.

tI is practically independent on Z

Numerical DZ reasonably close to experimental values. ITG leads to moderate
pinch, TEM does it to weak anti-pinch. 

DZ is determined by turbulence

Convection (VZ) follows the sign of Er and depends on Z (compatible with
neoclassical numerical simulations).

Unless VZ becomes comparable to DZ, the plasma should develop nearly flat 
impurity density profiles (peaking factor: n’Z,eq~ VZ/ DZ)
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[A. Langenberg, Th. Wegner, N. Pablant et al. To be published]

Impurity confinement in reduced turbulence CIRC scenarios

During electron-ion root transition:

• Significant rise in	Ar	density nAr16+
(x10)	with reduced turbulence
during pellet	injections and
evolving to CIRC.

• Ar	fluxes GAr
16+ follow	Er evolution

from slightly positive	to negative	Ar	
fluxes in	CERC-CIRC transition

Open	Questions:

• Impurity accumulation in	steady
state CIRC scenarios?

• Can	we disentangle effect of neg.	Er
and turbulence suppression?

• Impurity fluxes in	other turbulence
suppressed scenarios (pure	NBI	
heated,	massive	imp.	injection)
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Impurity profile evolution and moderation of DZ

• Sequence of ECRH à NBI àNBI+ECRH
Evolution of Carbon radial profiles from
flat to peaked, indicating a change in the
balance between V and D sources.

• Ongoing: STRAHL simulations to obtain V
and D consistent with those profiles [L.
Vano et al. ongoing]

• Low confinement regime ⟹ largest DZ
• High confinement regime (CIRC) plasmas ⟹

lower DZ and longer confinement time,
although still larger than neoclassical

• Ongoing: STRAHL V and D vs. GENE
simulations [Th. Wegner et al. to be
submitted]
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Dependence of DZ with PECRH and cross-device comparison 

• AUG	and W7-X	low density hydrogen	plasmas with L-mode	
conditions have been compared.	

• LBO	injections of iron during ECRH	power	scan.	
• tI of Fe22+	emission decreases with applied ECRH	power	in	

both devices.
• But	tI differ for the lower values of ECRH	power	density,	

where Ti∼Te.	Is the onset of an	ion-root in	W7-X	contributing
to increase tI?	
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[B. Geiger et al. ongoing work]



Proposed Future Experimental Plans
1. Continued PMPI experiments (OP2.0)

a) Better transport classification & 
confirmation of performance boost

2. Installation of a full IPD system (OP2+)
a) Possible in-situ rapid wall 

reconditioning tool

Transient performance elevations: the Probe Mounted 
Powder Injector (Boron dropper)
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• PMPI	injects	50	ms	pulses	of	B4C	every	350ms	
at	quantities	up	to	60	mg/pulse	to	test	of	
supplemental	wall	conditioning	method	
(inconclusive	result)

• Powder	well	supported	by	W7-X	plasma,	
strong	engagement	with	PFCs	

• Injected	pulses	result	in	steep	edge	density	
gradients possibly	suppressing	ITG	modes

• Reduced	anomalous	transport	leads	to	
elevated	core	ion	temperatures,	higher	WMHD,	
increased	impurity	confinement	times.

• Higher	Ti leads	to	negative	core	electric	field	

• Standard	confinement	returns	as	density	
gradient	relaxed	or	new	pulse	injected

XICS Ti profile



Transient performance elevations: massive LBO and TESPEL 
injections
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• Masive LBO	injections transiently reduce	PCI
fluctuations,	increase Wdia and	Ti	

• Preliminary intepretation:	plasma	density
profile schrinks leading to	stabilization of	ITG	
turbulence.

• Comparable	results with TESPEL	iron injection
[Zhang	EPS’19]

[Z. Huang & Th. Wegner & A. v. Stechow, to be
submitted]
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Simulating the impact of non-trace impurities on Qi

• Quasineutrality to	lowest	order	and	non-trace	impurity	concentration	⇒ ne≠ni /	n’e≠n’i,	
• stella gyrokinetic simulations	have	explored	the	impact	of	each	effect on	the	ion	heat	

flux driven	by	ITG dominated	turbulence	[García-Regaña,	in	progress].

a/LnZ � 0
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a/LnZ < 0
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Qi driven by ITG	turbulence as	a	function of	the
effective charge,	assuming W44+	as	impurity
species leading to	up	to	40%	Qi reduction.

Qi driven by ITG	turbulence as	a	function of	the main
ion	density gradient,	leading to	up	to	a	variation of	
90%	on the value of	Qi.

• Ongoing:	simulations	with	stella of	low-to-mid	Z	impurities	considering	realistic	
concentration	and	gradients	⇒ key	importance	of	measured	Z	density	profiles	(!).

ne≠ni

a/Lne≠a/Lni
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A final remark on modeling: Stellarator Turbulence 
Simulation TSVV Task 
• EUROfusion will	coordinate	the	effort	on	theory	and	advanced	simulation	through	a	series	

Theory,	Simulation,	Validation	and	Verification	(TSVV)	Tasks.	
• TSVV#13	Stellarator Turbulence	Simulation	within	W7-X	Work	Package.
• Codes:	stella,	GENE,	GENE-3D,	EUTERPE and	KNOSOS (for	neoclassical	input)

• External	experts:	R.	Kleiber (IPP-Greifswald),	M.	J.	Pueschel (Uni.	Eindhoven),	etc.
• Ph.D.	students:	A.	González-Jerez,	H.	Thienpondt and	F.	J.	Escoto from	Ciemat,	A.
• von	Boetticher (Uni.	Oxford),	etc.
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Conclusions and open questions

• Transient reduced turbulence CIRC	scenarios show	radial	localization of	impurities instead
of	flat	profiles⇒ V	≳ D	or changes in	the impurity sources

• NBI	heated (CIRC)	plasmas	show	also peaking of	Carbon at	the core.

• Although not extensively explored,	radiative collapse has	been observed.

• DZ,	although weaker under CIRC conditions than for CERC	regimes,	still much larger than
neoclassical value.	Threshold on Dano/Dneo identified.

• Impurity injection at	non-trace	levels (B-dropper,	TESPEL	or LBO)	induces	transient
confinement improvement

• Numerical GK	simulations match	reasonably well measurements
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Conclusions and open questions

• Will accumulation in	turbulence reduced steady state conditions happen?

• What changes undergoes the background turbulence that modify the confinement
properties of	trace	impurities?	Is it always ITG-driven transport?

• What is the relative weight of	the neoclassical,	classical and	turbulent contributions to	V	
and	their parametric dependence?

• If the low Dneo is attributed to	the neoclassical optimization,	how does it compare	with
other devices?

• Can	we take benefit from auxiliary impurity injection to	access high performace (ensuring
good thermal bulk confinement without intolerable	radiation losses)?



Backup slides



Impurity turbulent transport in real experiments: preliminary result

First comparison produce remarkable results comparing the diffusive coefficient by GENE and STELLA with 
experimental results from B. Geiger et al. Nucl. Fusion 59 046009 (2019) [red curve] for Fe26+.

Non-dedicated simulations: different Z-impurity and small
differences in gradients

We know from Langenberg et al PoP 2020 Z, mZ is not very relevant for D.

Geiger’s paper

Z: Fe24+ Z: Ar16+ W16+  W44+

Te = Ti = 1keV
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a/LTi ⇠ 4
<latexit sha1_base64="55i1NDBfb9zHcsuTQQkd9HMllhA=">AAAB9HicbZC9TsMwFIUdfkv5S2FksaiQmEqCKsFYwcLAUKT+SW0UOe5Na9VOItspqqK8CUwI2HgSXoC3wS0ZoOVMn+85lu49QcKZ0o7zZa2tb2xubZd2yrt7+weHduWoo+JUUmjTmMeyFxAFnEXQ1kxz6CUSiAg4dIPJ7dzvTkEqFkctPUvAE2QUsZBRos3Ityvk4t7PWn7G8nygmMB13646NWchvApuAVVUqOnbn4NhTFMBkaacKNV3nUR7GZGaUQ55eZAqSAidkBH0DUZEgPKyxeo5PgtjifUY8OL9O5sRodRMBCYjiB6rZW8+/M/rpzq89jIWJamGiJqI8cKUYx3jeQN4yCRQzWcGCJXMbInpmEhCtempbM53l49dhc5lzXVq7kO92rgpiiihE3SKzpGLrlAD3aEmaiOKHtEzekPv1tR6sl6s15/omlX8OUZ/ZH18A3UJkSo=</latexit><latexit sha1_base64="55i1NDBfb9zHcsuTQQkd9HMllhA=">AAAB9HicbZC9TsMwFIUdfkv5S2FksaiQmEqCKsFYwcLAUKT+SW0UOe5Na9VOItspqqK8CUwI2HgSXoC3wS0ZoOVMn+85lu49QcKZ0o7zZa2tb2xubZd2yrt7+weHduWoo+JUUmjTmMeyFxAFnEXQ1kxz6CUSiAg4dIPJ7dzvTkEqFkctPUvAE2QUsZBRos3Ityvk4t7PWn7G8nygmMB13646NWchvApuAVVUqOnbn4NhTFMBkaacKNV3nUR7GZGaUQ55eZAqSAidkBH0DUZEgPKyxeo5PgtjifUY8OL9O5sRodRMBCYjiB6rZW8+/M/rpzq89jIWJamGiJqI8cKUYx3jeQN4yCRQzWcGCJXMbInpmEhCtempbM53l49dhc5lzXVq7kO92rgpiiihE3SKzpGLrlAD3aEmaiOKHtEzekPv1tR6sl6s15/omlX8OUZ/ZH18A3UJkSo=</latexit><latexit sha1_base64="55i1NDBfb9zHcsuTQQkd9HMllhA=">AAAB9HicbZC9TsMwFIUdfkv5S2FksaiQmEqCKsFYwcLAUKT+SW0UOe5Na9VOItspqqK8CUwI2HgSXoC3wS0ZoOVMn+85lu49QcKZ0o7zZa2tb2xubZd2yrt7+weHduWoo+JUUmjTmMeyFxAFnEXQ1kxz6CUSiAg4dIPJ7dzvTkEqFkctPUvAE2QUsZBRos3Ityvk4t7PWn7G8nygmMB13646NWchvApuAVVUqOnbn4NhTFMBkaacKNV3nUR7GZGaUQ55eZAqSAidkBH0DUZEgPKyxeo5PgtjifUY8OL9O5sRodRMBCYjiB6rZW8+/M/rpzq89jIWJamGiJqI8cKUYx3jeQN4yCRQzWcGCJXMbInpmEhCtempbM53l49dhc5lzXVq7kO92rgpiiihE3SKzpGLrlAD3aEmaiOKHtEzekPv1tR6sl6s15/omlX8OUZ/ZH18A3UJkSo=</latexit><latexit sha1_base64="55i1NDBfb9zHcsuTQQkd9HMllhA=">AAAB9HicbZC9TsMwFIUdfkv5S2FksaiQmEqCKsFYwcLAUKT+SW0UOe5Na9VOItspqqK8CUwI2HgSXoC3wS0ZoOVMn+85lu49QcKZ0o7zZa2tb2xubZd2yrt7+weHduWoo+JUUmjTmMeyFxAFnEXQ1kxz6CUSiAg4dIPJ7dzvTkEqFkctPUvAE2QUsZBRos3Ityvk4t7PWn7G8nygmMB13646NWchvApuAVVUqOnbn4NhTFMBkaacKNV3nUR7GZGaUQ55eZAqSAidkBH0DUZEgPKyxeo5PgtjifUY8OL9O5sRodRMBCYjiB6rZW8+/M/rpzq89jIWJamGiJqI8cKUYx3jeQN4yCRQzWcGCJXMbInpmEhCtempbM53l49dhc5lzXVq7kO92rgpiiihE3SKzpGLrlAD3aEmaiOKHtEzekPv1tR6sl6s15/omlX8OUZ/ZH18A3UJkSo=</latexit>

a/LTi = 4
<latexit sha1_base64="/a2PHSkCF8sJ5mQqA3rBm7qu2lU=">AAAB73icbZC7SgNBFIbPxluMt6ilzWAQrOKuBLQRgjYWFhFyg2RdZidnkyGzF2dmhbDsc2glaue7+AK+jZOYQqN/9c35/4HzHz8RXGnb/rQKS8srq2vF9dLG5tb2Tnl3r63iVDJssVjEsutThYJH2NJcC+wmEmnoC+z446up33lAqXgcNfUkQTekw4gHnFFtRnf05MbLml7G8/yC1Lxyxa7aM5G/4MyhAnM1vPJHfxCzNMRIM0GV6jl2ot2MSs2ZwLzUTxUmlI3pEHsGIxqicrPZ1jk5CmJJ9AjJ7P0zm9FQqUnom0xI9UgtetPhf14v1cG5m/EoSTVGzESMF6SC6JhMy5MBl8i0mBigTHKzJWEjKinT5kQlU99ZLPsX2qdVx646t7VK/XJ+iCIcwCEcgwNnUIdraEALGEh4gld4s+6tR+vZevmOFqz5n334Jev9C2N9j3M=</latexit><latexit sha1_base64="/a2PHSkCF8sJ5mQqA3rBm7qu2lU=">AAAB73icbZC7SgNBFIbPxluMt6ilzWAQrOKuBLQRgjYWFhFyg2RdZidnkyGzF2dmhbDsc2glaue7+AK+jZOYQqN/9c35/4HzHz8RXGnb/rQKS8srq2vF9dLG5tb2Tnl3r63iVDJssVjEsutThYJH2NJcC+wmEmnoC+z446up33lAqXgcNfUkQTekw4gHnFFtRnf05MbLml7G8/yC1Lxyxa7aM5G/4MyhAnM1vPJHfxCzNMRIM0GV6jl2ot2MSs2ZwLzUTxUmlI3pEHsGIxqicrPZ1jk5CmJJ9AjJ7P0zm9FQqUnom0xI9UgtetPhf14v1cG5m/EoSTVGzESMF6SC6JhMy5MBl8i0mBigTHKzJWEjKinT5kQlU99ZLPsX2qdVx646t7VK/XJ+iCIcwCEcgwNnUIdraEALGEh4gld4s+6tR+vZevmOFqz5n334Jev9C2N9j3M=</latexit><latexit sha1_base64="/a2PHSkCF8sJ5mQqA3rBm7qu2lU=">AAAB73icbZC7SgNBFIbPxluMt6ilzWAQrOKuBLQRgjYWFhFyg2RdZidnkyGzF2dmhbDsc2glaue7+AK+jZOYQqN/9c35/4HzHz8RXGnb/rQKS8srq2vF9dLG5tb2Tnl3r63iVDJssVjEsutThYJH2NJcC+wmEmnoC+z446up33lAqXgcNfUkQTekw4gHnFFtRnf05MbLml7G8/yC1Lxyxa7aM5G/4MyhAnM1vPJHfxCzNMRIM0GV6jl2ot2MSs2ZwLzUTxUmlI3pEHsGIxqicrPZ1jk5CmJJ9AjJ7P0zm9FQqUnom0xI9UgtetPhf14v1cG5m/EoSTVGzESMF6SC6JhMy5MBl8i0mBigTHKzJWEjKinT5kQlU99ZLPsX2qdVx646t7VK/XJ+iCIcwCEcgwNnUIdraEALGEh4gld4s+6tR+vZevmOFqz5n334Jev9C2N9j3M=</latexit><latexit sha1_base64="/a2PHSkCF8sJ5mQqA3rBm7qu2lU=">AAAB73icbZC7SgNBFIbPxluMt6ilzWAQrOKuBLQRgjYWFhFyg2RdZidnkyGzF2dmhbDsc2glaue7+AK+jZOYQqN/9c35/4HzHz8RXGnb/rQKS8srq2vF9dLG5tb2Tnl3r63iVDJssVjEsutThYJH2NJcC+wmEmnoC+z446up33lAqXgcNfUkQTekw4gHnFFtRnf05MbLml7G8/yC1Lxyxa7aM5G/4MyhAnM1vPJHfxCzNMRIM0GV6jl2ot2MSs2ZwLzUTxUmlI3pEHsGIxqicrPZ1jk5CmJJ9AjJ7P0zm9FQqUnom0xI9UgtetPhf14v1cG5m/EoSTVGzESMF6SC6JhMy5MBl8i0mBigTHKzJWEjKinT5kQlU99ZLPsX2qdVx646t7VK/XJ+iCIcwCEcgwNnUIdraEALGEh4gld4s+6tR+vZevmOFqz5n334Jev9C2N9j3M=</latexit>

a/LTZ = 0
<latexit sha1_base64="aic6s7GQ9dqvIl7Y3uCiUE10w3Q=">AAAB73icbZC7TsMwFIZPyq2UW4GRxaJCYioJQoIFqYKFgaFIvYk2RI572lp1LtgOUhXlOWBCwMa78AK8DW7JAIV/+nz+39L5jx8LrrRtf1qFhcWl5ZXiamltfWNzq7y901JRIhk2WSQi2fGpQsFDbGquBXZiiTTwBbb98eXUbz+gVDwKG3oSoxvQYcgHnFFtRnf06NpLG156m2XnxPbKFbtqz0T+gpNDBXLVvfJHrx+xJMBQM0GV6jp2rN2USs2ZwKzUSxTGlI3pELsGQxqgctPZ1hk5GESS6BGS2ftnNqWBUpPAN5mA6pGa96bD/7xuogdnbsrDONEYMhMx3iARREdkWp70uUSmxcQAZZKbLQkbUUmZNicqmfrOfNm/0DquOnbVuTmp1C7yQxRhD/bhEBw4hRpcQR2awEDCE7zCm3VvPVrP1st3tGDlf3bhl6z3L0bYj2A=</latexit><latexit sha1_base64="aic6s7GQ9dqvIl7Y3uCiUE10w3Q=">AAAB73icbZC7TsMwFIZPyq2UW4GRxaJCYioJQoIFqYKFgaFIvYk2RI572lp1LtgOUhXlOWBCwMa78AK8DW7JAIV/+nz+39L5jx8LrrRtf1qFhcWl5ZXiamltfWNzq7y901JRIhk2WSQi2fGpQsFDbGquBXZiiTTwBbb98eXUbz+gVDwKG3oSoxvQYcgHnFFtRnf06NpLG156m2XnxPbKFbtqz0T+gpNDBXLVvfJHrx+xJMBQM0GV6jp2rN2USs2ZwKzUSxTGlI3pELsGQxqgctPZ1hk5GESS6BGS2ftnNqWBUpPAN5mA6pGa96bD/7xuogdnbsrDONEYMhMx3iARREdkWp70uUSmxcQAZZKbLQkbUUmZNicqmfrOfNm/0DquOnbVuTmp1C7yQxRhD/bhEBw4hRpcQR2awEDCE7zCm3VvPVrP1st3tGDlf3bhl6z3L0bYj2A=</latexit><latexit sha1_base64="aic6s7GQ9dqvIl7Y3uCiUE10w3Q=">AAAB73icbZC7TsMwFIZPyq2UW4GRxaJCYioJQoIFqYKFgaFIvYk2RI572lp1LtgOUhXlOWBCwMa78AK8DW7JAIV/+nz+39L5jx8LrrRtf1qFhcWl5ZXiamltfWNzq7y901JRIhk2WSQi2fGpQsFDbGquBXZiiTTwBbb98eXUbz+gVDwKG3oSoxvQYcgHnFFtRnf06NpLG156m2XnxPbKFbtqz0T+gpNDBXLVvfJHrx+xJMBQM0GV6jp2rN2USs2ZwKzUSxTGlI3pELsGQxqgctPZ1hk5GESS6BGS2ftnNqWBUpPAN5mA6pGa96bD/7xuogdnbsrDONEYMhMx3iARREdkWp70uUSmxcQAZZKbLQkbUUmZNicqmfrOfNm/0DquOnbVuTmp1C7yQxRhD/bhEBw4hRpcQR2awEDCE7zCm3VvPVrP1st3tGDlf3bhl6z3L0bYj2A=</latexit><latexit sha1_base64="aic6s7GQ9dqvIl7Y3uCiUE10w3Q=">AAAB73icbZC7TsMwFIZPyq2UW4GRxaJCYioJQoIFqYKFgaFIvYk2RI572lp1LtgOUhXlOWBCwMa78AK8DW7JAIV/+nz+39L5jx8LrrRtf1qFhcWl5ZXiamltfWNzq7y901JRIhk2WSQi2fGpQsFDbGquBXZiiTTwBbb98eXUbz+gVDwKG3oSoxvQYcgHnFFtRnf06NpLG156m2XnxPbKFbtqz0T+gpNDBXLVvfJHrx+xJMBQM0GV6jp2rN2USs2ZwKzUSxTGlI3pELsGQxqgctPZ1hk5GESS6BGS2ftnNqWBUpPAN5mA6pGa96bD/7xuogdnbsrDONEYMhMx3iARREdkWp70uUSmxcQAZZKbLQkbUUmZNicqmfrOfNm/0DquOnbVuTmp1C7yQxRhD/bhEBw4hRpcQR2awEDCE7zCm3VvPVrP1st3tGDlf3bhl6z3L0bYj2A=</latexit>

a/LnZ = 4
<latexit sha1_base64="VKZIMyZXOMHHyxINho2XC0duGwk=">AAAB73icbZC7TsMwFIZPyq2UW4GRxaJCYioJqgQLUgULA0OR6EW0IXLc09aqc8F2kKoozwETAjbehRfgbXBLBij80+fz/5bOf/xYcKVt+9MqLCwuLa8UV0tr6xubW+XtnZaKEsmwySIRyY5PFQoeYlNzLbATS6SBL7Dtjy+mfvsBpeJReKMnMboBHYZ8wBnVZnRHj668NPTS2yw7IzWvXLGr9kzkLzg5VCBXwyt/9PoRSwIMNRNUqa5jx9pNqdScCcxKvURhTNmYDrFrMKQBKjedbZ2Rg0EkiR4hmb1/ZlMaKDUJfJMJqB6peW86/M/rJnpw6qY8jBONITMR4w0SQXREpuVJn0tkWkwMUCa52ZKwEZWUaXOikqnvzJf9C63jqmNXnetapX6eH6IIe7APh+DACdThEhrQBAYSnuAV3qx769F6tl6+owUr/7MLv2S9fwF0bI9+</latexit><latexit sha1_base64="VKZIMyZXOMHHyxINho2XC0duGwk=">AAAB73icbZC7TsMwFIZPyq2UW4GRxaJCYioJqgQLUgULA0OR6EW0IXLc09aqc8F2kKoozwETAjbehRfgbXBLBij80+fz/5bOf/xYcKVt+9MqLCwuLa8UV0tr6xubW+XtnZaKEsmwySIRyY5PFQoeYlNzLbATS6SBL7Dtjy+mfvsBpeJReKMnMboBHYZ8wBnVZnRHj668NPTS2yw7IzWvXLGr9kzkLzg5VCBXwyt/9PoRSwIMNRNUqa5jx9pNqdScCcxKvURhTNmYDrFrMKQBKjedbZ2Rg0EkiR4hmb1/ZlMaKDUJfJMJqB6peW86/M/rJnpw6qY8jBONITMR4w0SQXREpuVJn0tkWkwMUCa52ZKwEZWUaXOikqnvzJf9C63jqmNXnetapX6eH6IIe7APh+DACdThEhrQBAYSnuAV3qx769F6tl6+owUr/7MLv2S9fwF0bI9+</latexit><latexit sha1_base64="VKZIMyZXOMHHyxINho2XC0duGwk=">AAAB73icbZC7TsMwFIZPyq2UW4GRxaJCYioJqgQLUgULA0OR6EW0IXLc09aqc8F2kKoozwETAjbehRfgbXBLBij80+fz/5bOf/xYcKVt+9MqLCwuLa8UV0tr6xubW+XtnZaKEsmwySIRyY5PFQoeYlNzLbATS6SBL7Dtjy+mfvsBpeJReKMnMboBHYZ8wBnVZnRHj668NPTS2yw7IzWvXLGr9kzkLzg5VCBXwyt/9PoRSwIMNRNUqa5jx9pNqdScCcxKvURhTNmYDrFrMKQBKjedbZ2Rg0EkiR4hmb1/ZlMaKDUJfJMJqB6peW86/M/rJnpw6qY8jBONITMR4w0SQXREpuVJn0tkWkwMUCa52ZKwEZWUaXOikqnvzJf9C63jqmNXnetapX6eH6IIe7APh+DACdThEhrQBAYSnuAV3qx769F6tl6+owUr/7MLv2S9fwF0bI9+</latexit><latexit sha1_base64="VKZIMyZXOMHHyxINho2XC0duGwk=">AAAB73icbZC7TsMwFIZPyq2UW4GRxaJCYioJqgQLUgULA0OR6EW0IXLc09aqc8F2kKoozwETAjbehRfgbXBLBij80+fz/5bOf/xYcKVt+9MqLCwuLa8UV0tr6xubW+XtnZaKEsmwySIRyY5PFQoeYlNzLbATS6SBL7Dtjy+mfvsBpeJReKMnMboBHYZ8wBnVZnRHj668NPTS2yw7IzWvXLGr9kzkLzg5VCBXwyt/9PoRSwIMNRNUqa5jx9pNqdScCcxKvURhTNmYDrFrMKQBKjedbZ2Rg0EkiR4hmb1/ZlMaKDUJfJMJqB6peW86/M/rJnpw6qY8jBONITMR4w0SQXREpuVJn0tkWkwMUCa52ZKwEZWUaXOikqnvzJf9C63jqmNXnetapX6eH6IIe7APh+DACdThEhrQBAYSnuAV3qx769F6tl6+owUr/7MLv2S9fwF0bI9+</latexit>

a/Ln = 0
<latexit sha1_base64="MPWQB+QCh7CD5+kqtPcwUol1eRw=">AAAB63icbZDNSgMxFIXv1L9a/6ou3QSL4KrOiKAboejGhYsK9gfboWTSO21oJjMkGaEMfQpdibrzbXwB38a0zkJbz+rLPSdwzw0SwbVx3S+nsLS8srpWXC9tbG5t75R395o6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGF1P/dYjKs1jeW/GCfoRHUgeckaNHT3Qk9teJieXxO2VK27VnYksgpdDBXLVe+XPbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYsShqh9rPZxhNyFMaKmCGS2ft3NqOR1uMosJmImqGe96bD/7xOasILP+MySQ1KZiPWC1NBTEymxUmfK2RGjC1QprjdkrAhVZQZe56Sre/Nl12E5mnVc6ve3VmldpUfoggHcAjH4ME51OAG6tAABhKe4Q3ench5cl6c159owcn/7MMfOR/fQpyNoQ==</latexit><latexit sha1_base64="MPWQB+QCh7CD5+kqtPcwUol1eRw=">AAAB63icbZDNSgMxFIXv1L9a/6ou3QSL4KrOiKAboejGhYsK9gfboWTSO21oJjMkGaEMfQpdibrzbXwB38a0zkJbz+rLPSdwzw0SwbVx3S+nsLS8srpWXC9tbG5t75R395o6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGF1P/dYjKs1jeW/GCfoRHUgeckaNHT3Qk9teJieXxO2VK27VnYksgpdDBXLVe+XPbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYsShqh9rPZxhNyFMaKmCGS2ft3NqOR1uMosJmImqGe96bD/7xOasILP+MySQ1KZiPWC1NBTEymxUmfK2RGjC1QprjdkrAhVZQZe56Sre/Nl12E5mnVc6ve3VmldpUfoggHcAjH4ME51OAG6tAABhKe4Q3ench5cl6c159owcn/7MMfOR/fQpyNoQ==</latexit><latexit sha1_base64="MPWQB+QCh7CD5+kqtPcwUol1eRw=">AAAB63icbZDNSgMxFIXv1L9a/6ou3QSL4KrOiKAboejGhYsK9gfboWTSO21oJjMkGaEMfQpdibrzbXwB38a0zkJbz+rLPSdwzw0SwbVx3S+nsLS8srpWXC9tbG5t75R395o6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGF1P/dYjKs1jeW/GCfoRHUgeckaNHT3Qk9teJieXxO2VK27VnYksgpdDBXLVe+XPbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYsShqh9rPZxhNyFMaKmCGS2ft3NqOR1uMosJmImqGe96bD/7xOasILP+MySQ1KZiPWC1NBTEymxUmfK2RGjC1QprjdkrAhVZQZe56Sre/Nl12E5mnVc6ve3VmldpUfoggHcAjH4ME51OAG6tAABhKe4Q3ench5cl6c159owcn/7MMfOR/fQpyNoQ==</latexit><latexit sha1_base64="MPWQB+QCh7CD5+kqtPcwUol1eRw=">AAAB63icbZDNSgMxFIXv1L9a/6ou3QSL4KrOiKAboejGhYsK9gfboWTSO21oJjMkGaEMfQpdibrzbXwB38a0zkJbz+rLPSdwzw0SwbVx3S+nsLS8srpWXC9tbG5t75R395o6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGF1P/dYjKs1jeW/GCfoRHUgeckaNHT3Qk9teJieXxO2VK27VnYksgpdDBXLVe+XPbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYsShqh9rPZxhNyFMaKmCGS2ft3NqOR1uMosJmImqGe96bD/7xOasILP+MySQ1KZiPWC1NBTEymxUmfK2RGjC1QprjdkrAhVZQZe56Sre/Nl12E5mnVc6ve3VmldpUfoggHcAjH4ME51OAG6tAABhKe4Q3ench5cl6c159owcn/7MMfOR/fQpyNoQ==</latexit>

a/Ln ⇠ 1
<latexit sha1_base64="ZaWEpCMYbeLSB722WHKAXDOFvFQ=">AAAB73icbZC9TsMwFIVvyl8pfwVGFosKiakkCAnGChYGhiLRH6kNlePetFYdJ9gOUhX1OWBCwMa78AK8DW7JAC1n+nzPsXTPDRLBtXHdL6ewtLyyulZcL21sbm3vlHf3mjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU391iMqzWN5Z8YJ+hEdSB5yRo0d3dOTm14mJ6SreUS8XrniVt2ZyCJ4OVQgV71X/uz2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx6KkEWo/m209IUdhrIgZIpm9f2czGmk9jgKbiagZ6nlvOvzP66QmvPAzLpPUoGQ2Yr0wFcTEZFqe9LlCZsTYAmWK2y0JG1JFmbEnKtn63nzZRWieVj236t2eVWqX+SGKcACHcAwenEMNrqEODWCg4Bne4N15cJ6cF+f1J1pw8j/78EfOxzcxeo9S</latexit><latexit sha1_base64="ZaWEpCMYbeLSB722WHKAXDOFvFQ=">AAAB73icbZC9TsMwFIVvyl8pfwVGFosKiakkCAnGChYGhiLRH6kNlePetFYdJ9gOUhX1OWBCwMa78AK8DW7JAC1n+nzPsXTPDRLBtXHdL6ewtLyyulZcL21sbm3vlHf3mjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU391iMqzWN5Z8YJ+hEdSB5yRo0d3dOTm14mJ6SreUS8XrniVt2ZyCJ4OVQgV71X/uz2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx6KkEWo/m209IUdhrIgZIpm9f2czGmk9jgKbiagZ6nlvOvzP66QmvPAzLpPUoGQ2Yr0wFcTEZFqe9LlCZsTYAmWK2y0JG1JFmbEnKtn63nzZRWieVj236t2eVWqX+SGKcACHcAwenEMNrqEODWCg4Bne4N15cJ6cF+f1J1pw8j/78EfOxzcxeo9S</latexit><latexit sha1_base64="ZaWEpCMYbeLSB722WHKAXDOFvFQ=">AAAB73icbZC9TsMwFIVvyl8pfwVGFosKiakkCAnGChYGhiLRH6kNlePetFYdJ9gOUhX1OWBCwMa78AK8DW7JAC1n+nzPsXTPDRLBtXHdL6ewtLyyulZcL21sbm3vlHf3mjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU391iMqzWN5Z8YJ+hEdSB5yRo0d3dOTm14mJ6SreUS8XrniVt2ZyCJ4OVQgV71X/uz2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx6KkEWo/m209IUdhrIgZIpm9f2czGmk9jgKbiagZ6nlvOvzP66QmvPAzLpPUoGQ2Yr0wFcTEZFqe9LlCZsTYAmWK2y0JG1JFmbEnKtn63nzZRWieVj236t2eVWqX+SGKcACHcAwenEMNrqEODWCg4Bne4N15cJ6cF+f1J1pw8j/78EfOxzcxeo9S</latexit><latexit sha1_base64="ZaWEpCMYbeLSB722WHKAXDOFvFQ=">AAAB73icbZC9TsMwFIVvyl8pfwVGFosKiakkCAnGChYGhiLRH6kNlePetFYdJ9gOUhX1OWBCwMa78AK8DW7JAC1n+nzPsXTPDRLBtXHdL6ewtLyyulZcL21sbm3vlHf3mjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU391iMqzWN5Z8YJ+hEdSB5yRo0d3dOTm14mJ6SreUS8XrniVt2ZyCJ4OVQgV71X/uz2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx6KkEWo/m209IUdhrIgZIpm9f2czGmk9jgKbiagZ6nlvOvzP66QmvPAzLpPUoGQ2Yr0wFcTEZFqe9LlCZsTYAmWK2y0JG1JFmbEnKtn63nzZRWieVj236t2eVWqX+SGKcACHcAwenEMNrqEODWCg4Bne4N15cJ6cF+f1J1pw8j/78EfOxzcxeo9S</latexit>

GENE & Stella sims

Simulations: Non-linear, electrostatic, collisionless fluxtube simulation with 3 kinetic species.


