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Parametric vs Non-parametric inference &

Parametric inference (conventional)

Consider a case where we have only 3 spatial points.

Bayes Theorem t o 9 s
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p(0|D, I) o p(DI]6, I)p(0|1) P
1 2 3

Each spatial point has its own
0, axis (degree of freedom).
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Parametric inference (conventional)
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Parametric vs Non-parametric inference &&/ W

Non-parametric inference Each spatial point has its
, _ , own degree of freedom
Consider a case where we have only 3 spatial points.
0
Bayes Theorem 4 6 s
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Smoother profiles have
posterior obtained by a ill-posed likelihood higher probabilities

non-parametric approach _
e.g., Gaussian process



Advantages and disadvantages of the non-parametric inference &bg W

Non-parametric inference

preserves the original dimension

advantage

03
eComprehensive search in the solution space

e.g., profiles are not limited to piecewise-connected cubic functions
02

disadvantage Many many parameters ! 0

elarge degrees of freedom often require unpractical computational resource
exception: analytical solution of the posterior is available
ne and Te can be inferred without a computational challenge
by using a non-parametric approach

M.A. Chilenski, et.al., Nucl. Fusion 55 (2015), A. Ho, et.al., Nucl. Fusion 59 (2019)

MCMC or nested sampling
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Advantages and disadvantages of the non-parametric inference &Dg W

Non-parametric inference

preserves the original dimension

advantage

03
eComprehensive search in the solution space

e.g., profiles are not limited to piecewise-connected cubic functions
0s

disadvantage Many many parameters ! 0

elarge degrees of freedom often require unpractical computational resource

‘This work tries to make the problem trackable by
:optimizing the experimental setup and the model
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CXRS measurements of a static plasma & W

Quasi-static Type-lll ELMy H-mode (No time evolution of impurity distribution)

shot:38498 time:7.0 sec
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The density profiles of Ne10+ Cé+ and Ne®+Q038+ are measured.

t

Only the sum of these two is available
due to the overlapping lines.

Ne, O, and C are assumed to have the same transport coefficients.



Why using the quasi-static plasma C

r .

Note e O”'ytherat'O”OthODca”bedeterm'”ed'
n, (1) o< exp (/Edr’) Thig is true onl_y when all impurity ions
D are in the fully ionized state

By simultaneously measuring different charge states, the diffusion
coefficient and the convection velocity can still be decoupled.

For a steady-state, impurity profiles can be analytically solved for given
D and v without evaluating the time-evolution of the system.

-—P |cads to_a significant reduction in the computational cost

We used MCMC.
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Analytical solution is available! ;



Inference model &Q/

When constructing the model, parameterization is chosen such
that it facilities the use of the NUTS sampler (Pymc3).

. T Start with the Gaussian process
prior distributions P

N 1 A Lo
p(D|X) o exp ( — §Q_TE_19)

éT = [10g10D1;10g10D27”° Jlogl()DN]?
(7n — Tn’)Q)
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Impurity transport coefficients D and v &&/ W

Type-lll ELMy H-mode  CX with the thermal neutrals is taken into account

x101° L o=
6 p(no 7TO | EO,W&H? nO,Wall)p<E0,wall)p(no,wall) )

P(Eowan) X 1/Eywan 10 €V < Ej yan < 120 €V,

4 _ _
P(nowan) o< 1/nowan 10" m™ < g yan < 10 m ™.

A Monte-Carlo code determines the profiles
from the edge conditions.

0. ! R. Dux, et.al. NF (2020), F. Sciortino, et.al. NF (2021)
{{neutrals | showed neutrals cannot be neglected.

08 09 1.0
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Impurity transport coefficients D and v &&/ W

Type-lll ELMy H-mode  CX with the thermal neutrals is taken into account

x1019 R
6 p(70,T0| Eo.wal, 70.wan)P(Eo.wan)P(10.wan)
v 4 P(Eowan) X 1/Eywan 10 €V < Ej yan < 120 €V,
= E 2] P(Mowan) < 1/nowan 10* m™3 < g an < 10" m™>.
0
_ 10 — L A Monte-Carlo code determines the profiles
E 0.5 from the edge conditions.
R. Dux, et.al. NF (2020), F. Sciortino, et.al. NF (2021)

{|neutrals showed neutrals cannot be neglected.

s e D ~ 20 m/s? just inside the pedestal
K D <1m/s* atthe pedestal
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Impurity transport coefficients D and v

Type-IIl ELMy H-mode
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CX with the thermal neutrals is taken into account

p(ﬁ07f0|E0,walla nO,Wall)p<EO,Wall)p(n0,wall);
P(Eowan) X 1/Egwan 10 eV < Ej yan < 120 €V,

4 - —3
P(nowan) o< 1/nowan 10" m™ < g yan < 10 m ™.

A Monte-Carlo code determines the profiles
from the edge conditions.
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o

Distribution is close to the prior. -

Very wide distributions.

In a non-parameter inference, each spatial grid has
its own degree of freedom. If the likelihood fails to
provide meaningful information, only the prescribed
smoothing conditions provide constraints.
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Summary and Conclusions & W

e Complete search in the solution space is possible through a non-parametric

approach
(Each spatial point keeps its own degree of freedom)

¢ D(diffusion coefficient) and v(convection velocity) can be measured without
modulating the impurity profile by simultaneously observing multiple impurity
charge states

e An analytical solution for impurity profiles significantly reduces the computation
cost and makes a non-parametric approach possible.

® The profiles of D(diffusion coefficient) and v(convection velocity) in the edge of
a Type-lll ELMy H-mode plasma are successfully obtained.
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