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Introduction

Goal : Calculate the ion impact angle
distribution (IAD) for various plasma devices:

 DII-D (General Atomics)

. PISCES - A (USCD)
« Linear (cylindrical) plasma

+ LTX8 and NSTX-U (PPPL)

Motivation: Confirming IADs using linear
plasma device rather than using complicated

tokamak
« PISCES-A
« Method: Run IAD Calculation code on IDL

« Make use of Chrobak’s kinetics IAD
calculation code (NF, 2018) for PISCES-A

parameters

Material Property Changes

Primary Response Secondary Response

Swelling,
Change in resistance &

™\ superconductivity
\(material and temperature

dependent)

IAD— Displacement

Dimensional instabilities,
Change in yield strength
Loss of Ductility

Change in creep rate
Change in fatigue life

Loss of fracture toughness

Transmutations
Radioactivity and

afterheat
Compositions Change

Adaptation from Stacey, Fusion (2010)
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https://www.ga.com/diii-d
https://nstx-u.pppl.gov/
https://doi.org/10.1088/1741-4326/aad4c9

Previous Work

* DIMES - DIlI-D  Micro-Patterning and Roughness (MPR) code
« Use of micro-trench samples to « Calculate 'net erosion yield' of C, Si, and Al
analyze impurity deposition patterns sputtered by Deuterium ions.
on the floor shadowed from incoming - Compared with experimental Results

ions by its wall.

average ¢

Trench image taken by SEM before Trench Image taken by SEM after
exposure exposure
A. Lasa and J. Coburn, “MPR" (2018)

S. Abe, NME (PSI 24th), submitted (2020)
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https://github.com/ORNL-Fusion/MPR

Sheath modeling

Ne = Neg exp () Boltzmann relation

U (z) = thyexp(—2z/Lyps)  Potential profile

, 1 m T.4-T Floating potential at
L'W = == hl ( T ) Wa”
2 M, T

| ength of Magnetic
Pre-Sheath

LMpS = ]\’,/)l COS (Q?) ‘

Equation of motion for single ion particle

F =e(E+vx B)

Collisionless assumption

AU yps

1.

Bulk Plasma B only nG shicatitE-fetd

o
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Magnetic Pre-Sheath B+E field

EMPS‘

/MPS <

Debye Sheath B+E field

=

EDeby

Rough surface

Schmid, NF (2010)
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PISCES-A (UCSD) Parameters

e Cylindrical Plasma with 20 cm diameter and 1 m

length

e Reflex-arc discharge
e Criteria to apply this model to PISCES-A plasma:

Lypr ~ p = 16mm (T, = 5eV) < Aypp for ImTorr

Device | PISCES-A DIII-D (L-mode)
D > 1 mTorr ~mTorr (divertor)
T 3_7eV 15-30 eV

e
N, 10'7-10'8 m3 ~10" m?
B |08-23kG ~2T

Jessica Eskew - PPPL SULI - August 31%t,2020

source gas feed

baffle plate Wall probes \

| anode bafﬂetube\e

visible ] ) {} o
spectrometer

target target
turbopump gas feed

I source region

=N

plasma v

target region

W——
| !
cathode |
source turbopump
B

Langmuir probe

7 Imass \ +(to pump

spectrometer stand)

¥ PRINCETON Ge:
¥y UNIVERSITY




Distribution (a.u.)

Calculation Conditions:

0.18 I ! 0.35
0.16 50l 5035288-9 | 1, :5eV
0.14 A N, 1e17 m"-3
025 g 02T
0.12
0.10 0.20 _
Alpha (pitch angle):
0.08 0.15}- 1 (45-88.5°)
0.06
0.10- -
0.04
0.02 0.05+ .
0.00 , § ] A : 0.00a | | | |
S T 0 100 20 30 40 50 60 70 80 90
AZlmuthal Angle (O) Polar Angle (O)
e Lower pitch angle has broader IAD e Lower pitch angle has broader IAD
e |AD peak angle does not appear to e |AD is sensitive with grazing pitch angle.
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. We brought kinetic, collisionless model to calculate I1AD.
. Collisionless assumption can be applicable for PISCES-A |IAD
calculations.

. The IAD calculated for PISCES-A with various pitch angles showed
significant dependency on chosen value.
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. Verify IAD calculation results experimentally through micro-trench
samples for PISCES-A.

Design micro-trench dimension to capture IAD

Use MPR code to verify micro-trench design

Fabricate micro-trench sample and sample stage for PISCES-A
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