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Common source of transport & turbulence?

Common observation: _ . .
1- It is very common to use spatial profiles of transport coefficients in fluid models
2- else, very CPU-consuming (gyro)kinetic code are used
(e.g., turbulence codes to evaluate spatial profiles of transport coefficients)

[Groth, APS-DPP (2014) CO5.7] (* Canik, PS/ (2014) P1-088)
» In detached conditions, UEDGE (and SOLPS*) consistently under-predicts radiation
» Also observed for other edge fluid codes, i.e., SOLPS* and EDGE2D-EIRENE

However: Radiation shortfall associated with detached inner divertor leg, despite including
cross-field drifts

[Groth, et al., PPCF 53 (2011) 124017]

*  “These fundamental issues remain outstanding and require inclusion of other physics
process, such as supra-thermal electrons”.

[Groth, et al., NF 53 (2013) 093016 & private communication July 7 2015]
« Magic “morphed profiles of transport coefficients can enhance the radiation”

GOAL: How to check if the radiation shortfall due to kinetic effects?
» NEED TO DESCRIBE NON-MAXWELLIANS

» CAN WE INCLUDE KINETIC EFFECTS IN FLUID EQUATIONS?

» WHAT IS THE ORIGIN OF DISSIPATIVE COEFFS.?
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OUTLINE

Part. 1: Non-Maxwellian Distrib. Funct. (NMDFs)

1. Motivation/measurement of non-Maxwellians
2. Analytic/physical interpreted NMDF (called INMDF)

Part. 2: Kinetic corrections from analytic NMDFs
1. Effects of non-Maxwellians on SEE & Langmuir Probes

Part. 3: Generalized fluid models w/ kinetic effects
1. Generalized fluid models including kinetic effects!
2. Nonlinear Fokker-Planck collision operator

Part. 4: Experimental measurements of INMDFs
1. Diagnostic discrepancies
2. Modified interpretations & new diagnostics
| [0. 1zacard, Phys. Plasmas 23 (2016) 082504] |
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1. Goal: Introduce a New Technique to Develop Next Generation

of Fluid Equations Including Some Kinetic Effects

1 - Start from a fitting analytic Non-Maxwellian Distrib. Funct. (NMDF)
using as few hidden parameters as possible (finite number of terms, ...)

Kappaf, , 2 MDF fy + f{), anew interpreted NM f7 (focus here),
or create as many new analytic functions as wante

(e.g.: runaway, neoclassical, ion orbit loss, talil, ...)

2 - Analytic computations of velocity phase-space integrals

3 - (18t ?) Analytic steady-state solution of the Boltzmann-F-P equation in
presence of sources (i.e.: it is a statistical description of a non-isolated
plasma, it does not break 2" [aw of thermodynamics)

4 - Collisionless fluid closure (does not appear for a MDF) and
collisional fluid closure from nonlinear Fokker-Planck collision operator

5 - Foundations of the next generation of fluid codes (fluid reduction of
velocity-space mesh-free analytic DFs)
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1. Motivation for non-Maxwellian studies

Examples of non-Maxwellians:
Can we reproduce non-Maxwellians with an asymmetry or tail?

Experiment:
asymmetry tail Langmuir probes
' ot o) interpretation
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XGC code in presence Fokker-Planck code in presence
of ion orbit loss of Lower Hybrid current drive
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1. “Physical” description of Non-Maxwellians

Simple “physical” understanding of non-Maxwellians:
asymmetry tail

I A —
— I
of

Scheme of heat process:
density n 1 =

velocity v - Maxwellian
temperature T’ |
kinetic flux |°
central flow C - Heating effects

width heat spread |}/

| [0 lzacard, Phys. Plasmas 23 (2016) 082504] |
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1. Analytic physical description of Non-Maxwellians

Fr(x, v, b) = —— exp(—(v_v)2>—|—( F1/2(V—c)exp<—(v_c)2)|

(27 T)1/2 2T 2 W3) oW

Called the “interpreted NMDF” | (0. Izacard, Phys. Plasmas 23 (2016) 082504]

Highlights for this analytic Non-Maxwellian:

> (n, v, 1,1, c, W) are not fluid moments

» But they are HIDDEN VARIABLES with a physical meaning
» Collisionless fluid closure fixed (from hidden variables)

» Some kinetic effects are described (tail, asymmetry)
>

Cannot be describe by a finite number terms using:
Hemite, Laguerre, Legendre, Bessel, sum of Maxwellians...

» Generalization to a completeness set of basis functions
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1. Conceptual differences between INMDF and 2 MDFs

fr(x,v,t) = —— exp(—(v_v)2>—|—( = (V—C)exp<—(v_c)2)

(27 T)1/2 ¥ 2 WP)1/2 oW

Called the “interpreted NMDF” | (0. Izacard, Phys. Plasmas 23 (2016) 082504]

- 2 MDFs is the thermodynamics limit at a very specific collisionality:
(for each collision fast-thermalized, the additional energy is
instantaneously redistributed to the full distribution function)

Vth—th ™~ Vf—f > Vth—f ™~ Vf_th
BUT it is inconsistent with numerical & experimental observations of
NMDF steady states where thermalization is not “instantaneous”

- For other collisionality regimes (particularly in spherical tokamaks)
associated with alpha, RFCD, NBI, ion orbit loss, X-points, ... there are
non-negligible interactions between th and f populations. Then the th
and fpopulations cannot be describe by a MDF
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1. Qualitative fitting of non-Maxwellians

Examples of qualitative fitting of non-Maxwellians:
Can reproduce non- Maxwelllans with an asymmetw or tall

0V ara? Vperp)

: Odeg
~ 10.00¢ 107} - - 1s0eg |
. 3 ——90deg
= [ \ T-P bnd.

S 1.00¢
s | T
= 0.10f 0%
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1075t ) ) ) . )
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Normalized U : U/2.081e+007 (m/s)
From XGCO code, [Battaglia APS (2013) From 3D FP code, | Meneghini PhD Thesis (2012)

NM due to IOL NM due to LHCD

asymmetry
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1. Proof of physical reality of INMDFs in tokamaks

Are INMDFs numerically/experimentally observed? YES, at least in F-P & PIC codes
1] Numerical observation of NMDFs in: & inJET & TFTR

a) PIC code XGCO due to ion orbit loss (see our fitting of Battaglia APS 2013)

b) 3D Fokker-Planck code due to LHCD (see our fitting of Meneghini Thesis 2012)

2] Experimental discrepancy between 006 — Maxwellian

ECE and TS interpretations 0.05 --- Non-Maxwellian bulk
of the electron temperature
[K.V. Beausang RSI (2011)]: o

a) We successfully fit their numerical = 0.03

model NMDF which resolves TS-ECE 002" fr1
discrepancy observed in JET due to ' === fr
NBI + ICRF 0.01

b) We detect heating and cooling o 1

0 0.5 1.0 1.5 2.0 2.5 3.
Background figure reprinted from [K.V. Beausang RSI (2011)]

Conclusion: I [O. lzacard, Phys. Plasmas 23 (2016) 082504] I

O JG10.3%8-2a

Yes, INMDFs are experimentally/numerically observed
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2. Analytic secondary electron emission formula

when free particles generates 0 Me

the emission of a secondary [Ysee —
electron [Bacharis PRE (2010)] > /20 (E)dE

I Secondary electron emission: m
)

o 5,(E) = A, Besp (——2—VE), A, = (27252

Empirical formula for a MDF [Bacharis PRE (2010)]:

After some analytic computation (w/o limit, truncation, approx.)

Analytic formulas: 5866,0 for a MDF and 536671 for an INMDF

L Li e O. lzacard / APS-DPP 11
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2. Corrections of secondary electron emission

Even 4% of supra-thermal particles can have significant impact on &...(T):
supra-thermal particles usually act more at lower temperature (i.e., SOL)

1.0
S
0.8}
10° |
0.6}
o
£ g
= <
0.4}
=== Empirical
—_— fy, (ng, v, T) = (118, 0, 1000 0.21 )= Jo,(no,v, T) = (1el8, 0, 1000)
a =-- fg, ((Zor,vs)jl (2F0i31.2,0.45)) L0 == fu(grs)=(2.0,1.2,0.45)
107 fa (n/ng, v, T, ny/ng,vs, Ts) = (0. 88, — 2.5,800,0.07, 49, 100) \ 25 fay (n/mg, v, T, ng/ng, vy, Ty) = (0. 88, —2.5,800, 0. 07,49, 100)
== f1, (g7 ) =(4.0,1.3,0.55) P == fi.(¢r,5)=(4.0,1.3,0.55)
== fi,(¢,7,5)=(3.0,1.25,0.5), 6ax = 0. 95 == fr,(¢r,5)=(3.0,1.25,0.5), d1pax = 0.95
‘ ‘ ‘ 0.0 I w
-0.30 ~0.15 0.00 0.15 0.30 10° 10! 10° 10°
V/Vinaz TeV]
| [0. 1zacard, Phys. Plasmas 23 (2016) 082504] |
RESULTS:

- Non-Maxwellian correction of 0scc 7(n, v, T, ', c, W)

- Detection of tail (or numerical issue) in empirical formula?
O. Izacard / APS-DPP
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2. Langmuir probes characteristic interpretation

. 0 T _ E
Chargcterlstlc L(U) = _87T625/ ( 65}1‘5 ) dE
curve: 3m? Jeu v(E) |1+ Z==229(E)]

4 2
in diffusionless regime @D << 1  andwith 7(&) = 3 —mQV =F
2
I.(U) = 27T65 / (— — eU) vi(v)dv, u= %U

After some analytic computation (w/o limit, truncation, approx.)

Analytic formulas: 1670 for a MDF and 167[ for an INMDF
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2. Corrections of Langmuir probes characteristic

Even 5% of supra-thermal particles can have significant impact on /,(U):
supra-thermal particles can replace the diffusion parameter ¢(E) !!!
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| [0. 1zacard, Phys. Plasmas 23 (2016) 082504] |
RESULTS:

- Non-Maxwellian correction of . 1 (U, n,v,T,I',c, W)
- A super-thermal tail can replace ad-hoc diffusion terms!
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3. State of our understanding of the fluid theory

1 » For fluid reduction/computation of collision operator of non-Maxwellians,
everyone is using one of these “mathematical approximations”:
- Hermite polynomials, Laguerre polynomials (and Sonine),
Fourier series, Bessel functions, Legendre polynomials
2 » One of the first interesting link between kinetic and fluid models [Grad,
CPAM (1949)] with Hermite polynomials and the 13-moments model.
in equilibrium, “f” is known exactly as a function of the thermodynamic variables
=> Commonly accepted facts:
- Many researchers think (5/2015) “Fluid codes are useless w.r.t.
kinetic codes because they cannot reproduce kinetic effects’
- fluid closure is needed due to the fluid reduction
- fluid closure assumes a relation of 1 fluid moment with previous ones
- fluid theory is valid only when A /L << 1
- S0 many papers show plots f on {P,4,E,E, ,E,} rather than {v,, V,, V)

1) They are bad choices! 2) They are false!

[[0. 1zacard, J. Plasmas Phys. (2016) Submitted] |
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3. SOLUTION: Example of a fluid model including kinetic effects!

Reminder: “Mathematical” moments M}, (x, t) :/fj(x,v,t)vkdv

Al M. are function of the fitting hidden variables (n, v, 1,1, c, W)

Mo\ i

tri-diagonal matrix ! [

diagonal ma M, T
Dynamical fluid equations M S o
relevant to non-Maxwellians: (915 M — for equations
( atM5 contains V - M@) 3 "

My
_ M- I /
With the collisionless fluid closure:

Mg = n (1577 + 45T%v° + 15Tv" + v°)  from the INMDF
+6Lc (15W?° + 10Wc” + ¢*)

[[0. 1zacard, J. Plasmas Phys. (2016) Submitted] |
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3. Toward the collisional fluid closure of a NMDF

State of the art of collision operator:

- One of the most useful analytic computation in [Gaffey, JPP (1976)]:
computation of the steady state distribution function of an injected neutral
beam in response to Fokker-Planck collision operator with a 3D Maxwellian
background distribution 075
function of the plasma

- Assumption of the 3D
non-Maxwellian by multiplying 000
a 1D tail in v, and a 2D isotropic
Maxwellian in (v,,v,) -
- Follow analytic computation >
of Fokker-Planck collision

operator of Gaffey

=> Collisional fluid closure

dissipative coefficients Vo /Y, mas
as fct of hidden variables

/ Va:,maa:

0.30

[O.l1zacard, Unpublished]

It is more difficult to match plots of #on
lL Lawrence Livermore National Laboratory 4 {qu:,U; E1 EJ_:E//a e } rather than on {VX; Vy; Vz}
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3. Summary: Physical interpretation of

a non-isolated macro-fluid-particle

Hidden variables of a non-isolated macro-fluid-particle:

- Does not violate the 2"9 law of thermodynamics (because not conserved
momentum and energy)

- Include kinetic effects in fluid models

- Possible candidate to explain/understand origins: turbulence, diffusion, ...

Macro-fluid particle
This at the position (x,t)
description
can
correspond
to a local
negentropy

1 (x,t) density

v(x,t) fluid velocity Sink
T'(x,t) temperature |I
I'(x,t) kinetic flux of

c(x,t) central flow energy
W(x,t) width of heat spread

Source
of ||
energy

Local
INMDF

|[0. 1zacard, J. Plasmas Phys. (2016) Submitted] |
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3. Perspectives for fluid models including kinetic effects

Theoretical/Numerical perspectives:

- Development of the collisional fluid closures from Fokker-Plank operator
C(n,v, T,I',c,W): unperturbed limit using our non-Maxwellian & common
perturbative methods (Chapman-Enskog, Braginskii, ...)

- Modify an existing fluid code with non-Maxwellian set of fluid equations
- Validation: Use existing diagnostics to fit the hidden variables (T,c, W) of
our non-Maxwellian

- Resolve the long time scale dynamo (Schekochihin) by developing an
expanded fluid-MHD model

Experimental perspectives:
- Could we create new diagnostics or new diagnostics interpretations to
measure (I,c, W) based on:

- our predictive modifications of SEE, LP, Radiation...?

- our new description of non-Maxwellian collisional fluid models?

L i e O. lzacard / APS-DPP 19
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4. Experimental measurement of NMDFs

Current activity to detect NMDFs:

- Diagnostic discrepancies:

- Langmuir Probe / Thomson Scattering:
discrepancies of electron temperature
[JaworskKi et al. (2012)]

- Thomson Scattering / Electron Cyclotron Emission:
discrepancies in TFTR and JET for electron temperature
[De La Luna et al. (2003)]

- Other diagnostics:
- Fast lon DA
- Soft X-Rays

L Li e O. lzacard / APS-DPP 20
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4. Diagnostics pros and cons

Pros (+) and cons (-) for different solutions:
Thomson-Scattering:

+ multiple polychromators can be use to extract an approximated shape of
the distribution function, analytic predictions with INMDFs

- polychromators not daily modifiable
Langmuir probes:

+ Analytic prediction of characteristic curves already done [lzacard, PoP
(2016) 082504]

- Low temperature only
FIDA:

+ Directly linked to the NMDF

- Analytic model for charge-exchange cross section?
ECE.

+ Spectrum related to NMDFs
- Not available in NSTX-U (density limit)

L Li e O. lzacard / APS-DPP 21
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4. Universal measurement of NMDFs

Best(?) universal direct measurement of NMDFs

60

50

20+

High-resolution spectrometer with bended crystal ]
+ spectrometer available (P. Bereidober, LLNL)
+ arbitrary range of temperature 2]

(radial profiles of NMDFs) EEOWITY < -

RSI (2016) £

+ “spatial profile” on detector directly ]

20+

104

linked to “spectral profile” (Bragg’s law)
+ “spectral profile” proportional
to NMDF (Doppler effect) .

304

- can become very complex with other sources of broadening

can we evaluate the dominant source of broadening?

Can we propose a DIII-D/NSTX-U experiment in Dec. 2016

O. lzacard / APS-DPP
L Lawrence Livermore National Laboratory San Jose / Nov. 4. 2016
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Additional slides for questions

Acknowledgement for our discussions:

(on the physical reality of INMDFs) B. Cohen (LLNL)
(on runaway electrons) D.P. Brennan (PPPL)
(on Langmuir probes measurements) M. Jaworski (PPPL)
(on Thomson scattering) A. Diallo (PPPL)
(on gyrokinetic, Hermite, Neoclassical theory) J. Candy (GA)
(on Fokker-Planck code with LHCD) O. Meneghini (GA)

and many others...
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Analytic Representation of Non-Maxwellians

Examples of known analytic non-Maxwellians:
- Kappa distribution function:

with:
v2 —(k+1) . D(k 4 1) 1/3
flé; :Aﬁ; (1 Wl{) A\ = W (F(/ﬂ)—%))
W, =12k —3)T

- Bi-modal (sum of 2 Maxwellians):

1 1
foms =Aexp (—ﬁv2 + %V) -+ Af exp (—EVQ -+ %V)

n ’U2 ’n,f /U?-
with: A = exp| —— |, A = exp | ——=
NGT T ( 2T> ERWGr=a T

L Li e O. lzacard / APS-DPP 24
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Analytic physical description of Non-Maxwellians

2W

Fr(x, v, b) = —— exp(—(v_v)2>—|—( F1/2(V—C)exp<—(v_c)2)|

(2 T)1/2 2T 2W?)
“Mathematical” moments: Mg (x,t) = / f](X,V,t)deV

k
“PhySICal” moments: Pk(X7 t) = ML/fI(XaV')t) (V . %) dV
0 0
2
Example of computation: Po=T—-2(v—c) E . (E> A
MQ:TL(T+U2)—|-2FC ’ ( +(U+€Ci)(v)—n(3) E 2+2 E 3
\_ =0 n 2

Goal for Langmuir probes interpretations:
Analytic computation of /(V)* and I’(V)... [following Popov PPCF ’09]

Also for: floating potential, secondary electron emission (analytic formula*),
radiation®, ion drag, neutron-neutron collision rate, ...

* .
see next slides

O. Izacard / APS-DPP 25
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How fluid reduction is historically misunderstood?

Quiz: What is the similarity between these
“mathematical” approximations?

Hermite Laguerre Fourier

Hermite (physicists') Polynomials

50
40
30
T 0 —
—
_10 —
n=0
-20 - n=1
n=2
-30 n
n=4
-40 n=5
1 | 1 I |
-2 -1 0 1 2
X

Answer: Theirs limits are not 0 at infinity
NOT adapted for localized perturbations

O. Izacard / APS-DPP f = 26
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How fluid reduction is historically misunderstood?

Special cases:

|||||||||||||||||||

Jx
J,®
\
N,
\
/,)( (e
0 T
/ \ \ \'\
oz /NN A
1] \ ) 7 7 B 7z e
I / Vo / DAY \ N \
. 7\ . / VA .
I/ \ /\ \ / \ \
0.0 A} " / . L A va
2

Iy R \ 7,
\ \\ / / \ \ / N/ K
Ny o R

0y 7
. 7
A

VI
V=
5 10 15

Still not _qoxod choices:

Bessel: quasi-periodic
Legendre: useless due to huge discretization,
& non-continuous distribution function

& Lawrence Livermore National Laboratory
LLNL-POST-707404
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How fluid reduction is historically misunderstood?

PHYSICAL SOLUTION:

£ Good choice:
fi

@
"ol -goesto 0 at o
@]
)

1.2

0.8}

jﬁi (localized)
- easy analytically

0.4

* | - physical interpretation
@% ‘N of hidden variables
1 - not an orthogonal basis
but inherited
55 o . completeness
x [0.Izacard, Unpublished]

Remarks: | do not care about orthogonal/normalized basis,
can be reduced to sum of MDFs or Hermite polynomials

L Li e O. lzacard / APS-DPP )8
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Is non-local heat transport a solution?

What is the non-local heat transport method?

i () ] (:::)m(:::)
T
K= /F[n(az,t),v(az,t),T(x,t)]d?’a:

Non-local method is the 1st efficient existing way to introduce time
dependences in ad-hoc dissipative transport coefficients

However, it seems impossible to track back & understand the links
between non-locality and non-Maxwellian distribution functions

CONCLUSION:
Is there a link with a tail or specific shape of the distribution function?

| personally think that non-locality is an incomplete solution

L i e O. lzacard / APS-DPP 29
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Quiz: Why “Mathematical approximation” representations
failed to represent a simple tail?

Hermite \ \ \
4 . . — fi/fo,(q0,70,50) =(20,1.25,0.91)
Hermite (physicists' ') Polynomials

50 T T T T T

40 - - ]

ol | 10t |

20 \ i
_ 1o / .
2 I
S o - not ..

.lo -

?”I%fﬁ fent”

wl 2 — cicn

n=4 ——
“L ' L ' Ak 10_130.0 02 0.4 0.6 0.8 1.0
2 -1 0 1 2 3

V/ Vimaz

Answer: The curve f/f, cannot be
approximate without a huge number of terms

O. Izacard / APS-DPP - 30
L Li National Laborat
WL Lovrence Livermore National Laboratory San Jose / Nov. 4, 2016 9 PPPL

~t




10°

— Hermite polynomial (order n)
* * Maxwellian (3 terms)
* * |zacardian (6 terms)
10!
S
s 10° |
=
L
10
-2
_05 I I I 10 I I I I
0.0 0.5 1.0 1.5 2.0 0 5 10 15 20 25
v

Even in (gyro)-kinetic codes, we should use
our “generalized Hermite-Maxwellian basis”™

O. lzacard / APS-DPP

. . 31
Lawrence Livermore National Laborator é m
e o y San Jose / Nov. 4, 2016




* From the explicit expressions for the first few polynomials,
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All M. are function of the fitting hidden variables (CLO, ai, -, CLN)

k
M,g“""’z’“)(x,t) = /f(x,v,t) Hv(iﬂ')d‘gv
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Example of a non-Maxwellian fluid model with constraints

Reminder: “Mathematical” moments M. (x,t) = /fl(x,v,t)vkdv

All M. are function of the fitting hidden variables (n, v, T, F)
Constraints: c(n, v, T, F), W(n, v, T, F)

M
Dynamical fluid equations M, e ol diigm
relevant to non-Maxwellians: 875 M — for equations
( atMg contains V - M4) 2 i

M

With the coIIisionQIess fluid 5Iosure4: from the INMDF 5
My =n (ST + 61'v° + v ) —|—4FC(3VV +c )
[O.lzacard, Unpublished]
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Toward the collisional fluid closure of a NMDF

State of the art of collision operator:
- | already reproduced the analytic computation of [Gaffey, JPP (1976)]:

1 O
F(zg) = — / fo (V) gapd> vy, Tab = Va/Up, Gab = |Va — Vb
2re2einyIn A O Ofa(Va) v VoV

C - . a-b . a a . a F/ " avYa . F// "
(fas /) = v, [ v, (6%8% (xap) + o3 TapF" (x b))

2

My v, 2,

# 22 £,v0) ¥ (F'(oun) ~ 2an " o) — "2t |

fo=fo = F(z)=Fy(x) = (:C + %) Erf(z) + Ll exp(—2z?)
Analytic computation of transport coefficients with a tail:
- f,and f, are the same INMDF
- shift in v, as function of v, with

fr(x,v,t) = o ;)1/2 exp <_ (v 2_13’)2) e (Quf;’)l/? (v, — c¢)exp (_ (VZQ;VC)Q)
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15t self-consistent collisional non-Maxwellian fluid model

Nonlinear Fokker-Planck collision operator:

27’(’636%7’% InA 0O (9fa(va) 82’1)@ / VaVa 1"
C(fan fb) N mCQL ava ) |: 8Va ’ (avaavaF (mab) + /Ug QfabF (mab))
mg Va i
+ QEfa(Va)E (F/(:L'ab> — mabFN<$ab) i %F,//(walﬂ) ]

fa = fb = f[ = F(ZC) = F]({E) = FO(CIZ) -+ A[Vﬁ_ [VJ_Il (A, B) + (Vz — C)IO (A, B)]
with A= L B— ”(gv;vz)
Self-consistent collisional fluid closure with sources f, with s={a,NBI,LH,...}

My / / [ C(fr, fr)dv / [ C(fr, fs)dv
3 My |- ol [ C(fr, fr)vdv i J C(fr, fs)vdv | seesiide3s
t M, - fC(fI; f])VQdV fc(fb fS)VQdV for equations
M3 \ \fc(fI,fJ)V?’dV \fc(ff7fS)V3dV

With the coIIisionQIess fluid 5Iosur¢i: from the INMDF 5
M, =n (ST + 6T v" + v ) — 4Fc(3W+c )
[O.lzacard, Unpublished]
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Toward the collisional fluid closure of a NMDF

Analytic computation of transport coefficients with a tail:
For F,(x) for f,=f, we need to compute this “plasma collisional function’:

Ii.(a,b) = / z¥/1 + 22 exp (—az® + bx) dx

— 00
5
— ix}lﬂ We have min/max boundaries:
4 —_— x| +1
— Jol+ie —
; -- Fo(ac):(as—i—%)erf(x)—kex v “ZE < 1 _I_ aj2 < xr _|_ 1
1
1+ |z|
a v 1+ 12 < F()(CIZ‘)|
0 ‘
! ’ .S; i ) [O.1zacard, Unpublished|
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We need to use tractable functions (cosines, sines, Bessel, polynomials)
with as less hidden variables as possible
With only a cosines and 3 parameters, we can approximate NC as:
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The fluid reduction of neoclassical particles
becomes obviously tractable
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