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2D (Pg¢ | pau) scan: single beamlet masking, CESM+ADCM
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CON

Experimental evidence

Beam divergence from RF sources
under development for the ITER
HNB/DNB is highly sensitive to the
source filling pressure

Div = Div(ley/Ue ™, Epeams Thi)
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Motivation: beamlet optics, experiments

2D (Pg¢ | pau) scan: single beamlet masking, CESM+ADCM
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Experimental evidence

Beam divergence from RF sources
under development for the ITER
HNB/DNB is highly sensitive to the
source filling pressure
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Motivation: beamlet optics, experiments CONSORZIO RFX

2D (Pg¢ | pau) scan: single beamlet masking, CESM+ADCM
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Experimental evidence

Beam divergence from RF sources
under development for the ITER
HNB/DNB is highly sensitive to the
source filling pressure

Div = Div(ley/Ue ™, Epeams Thi)

Hypothesis

Being perveance and beam energy the
same, we can conclude that pressure
affects the negative ion velocity
distribution at the plasma meniscus
But how?
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CON

U ICARO: atest particle code w/ Monte Carlo collisions
o Description and comparison with literature
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SPIDER beamlet group:
5x16 apertures

A. Pimazzoni et al.
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U Emission with a cosine distribution from the
upstream chamfered part of the PG (only from
the aperture centered in [0,0] mm)

H- are emitted from the PG with an initial energy
that already considers the potential difference

Vsheath'_VPG _ _
o Virtual cathode is not considered yet

c:

Vsheath

Vsheath'VPG =14V

AN
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ICARO: Plasma domain goadticlemotion
- - - - Extraction grid

Plasma
W/’ Plasma grid

enlscus
Bfllter

BCESM BCESM CESM

R

i Particles are moved in the magnetic field
(CESM=magnets in the EG,; Filter field B;;;,,=B,=2mT)

i dtis adjusted so to keep ds=0.5 mm at each step
U The domain length is set to 150 mm
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ICARO: Plasma domain goadticlemotion
- - - - Extraction grid

Plasma
W/’ Plasma grid

enlscus
Bfllter

BCESM BCESM CESM

R

i Plasma parameters (Ng.,Ny.,Ne, Te, ThssVai) @Nd gas parameters
(Nyo:N2 Tho The) @Ssumed homogeneous

i Only H* are considered as positive ions
i Collisions are implemented with Monte Carlo method
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CONSORZIO RFX

200
150
1
100 19
s
50 g
Lan0 &
0 10° 8
:
50 8
3+
-100 10
-150
200070 s0 s
X [mm]
Bfilter

A. Pimazzoni et al. NIBS conference 2022 9



|ICAROPlasmameniscus

1/e divergence [mrad]

N
[=]

(=1
L)}

[y
N

=]

Y

D !

0

1

2

3 4 5
Perveance[103A/V3/2]

6

| 101

Potential [V]

CONSORZIO RFX
Ricerca Formazione Innovazione

U The meniscus surface is
loaded from OPERA3D

U Perveance match case
(U=5.5-6 . 3-AANG?)
are considered; this
meniscus is very flat, so
that the direct extraction
IS expected to be very
little

A. Pimazzoni et al.
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ICAROCollisions GOREORRER
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__ 2000
£ //_ _ Momentum transfer w/ plasma
g 1600 S s w0 CC:H +H*C H +H*
= % .= 0.8 0
s 1200 / Momentum transfer w/ gas
£ 500 / CX:H +HyC Hy+H
s / MT2: H + H, C H +H,
": 400 / ]
g ; Neutralization by the plasma
0 . - - R -
DE:H +e C H+ 2e
0 2 4 6 8 10 ~
H energy [eV] MN: H- + H* CV HO + HO
AD,: H + H* C H,
—LO0SS —MT2 —CX
Cross-sections Neutralization by the gas
- C.F. Barnett, Atomic Data for Fusion, Volume 1, (ORNL-6086),1990. ADO: H- + HO C |_|2 + e-

- T. Tabata et al., Atomic Data and Nuclear Data Tables 76, 1i 25 (2000)

Gas parameters

D,H +H,C Hy+H,+e

- U. Fantz at al., Front. Phys. 9:709651 (2021)

CC are treated as in T. Takizuka, H. Abe J. Comput. Phys., 25 (1977)

A. Pimazzoni et al. NIBS conference 2022



The role of Coulomb collisions (CC)

w/ CC
(H - H)

w/o CC
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S. Nishioka et al. J Appl. Phys. 123, 063302 (2018)

CONSORZIO RFX

Coulomb collisions
strongly affects the
extraction probability
and the meniscus.

WI/o CC, patrticles are
extracted only through
direct extraction C
Poor optics

3ce ~IVhe - VP

A. Pimazzoni et al.
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Energydistributionof positivaons
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The dependence of the positive ion energy distribution on the source parameters was
investigated in SPIDER with a retarding field energy analyzer (RFEA)

Pressure dependence
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ICARO: Positiven velocitydistribution

Probability density function [a.u]
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@ BATMAN (IPP, Garching)
Mach probe:

le’ift~10 km/S fOI’ pﬁ” = 07 Pa*

Probes+ MC models:

T,.~0.8 eV @ PG for

Pre= 40 kW/dr - pg, = 0.6 Pa**

* M. Bandyopadhyay et al. A.J. Appl. Phys.
96, 4107 (2004)

** D. Wuenderlich et al., PPCF54 (2012)
125002

A. Pimazzoni et al.
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ICAROEfficacyof CoulomitCollisions CONSORZIO RFX

Probability density function [a.u]
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ICAROEfficacyof CoulomitCollisions Nsc%o
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Results velocitydistributionat meniscus ,u
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U H-emitted with large energies are unlikely to be brought back to the

apertures by collisions and magnetic fields.
U For H emitted with low energy, CC are effective in reversing the H- velocity
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o0 Investigation of the pressure dependence
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Pressuredependence
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Pq [Pa] Density of gas species T, [eV] T, [eV] Vgrire [KM/S]
Case 0 0.3 Netandard 2 0.8 20
Case 1 0.6 2N andard 1 0.8 20
1500 T T T : :
EozleV ::Z:Caseo . )
1200 | Nyrmema fixed Case 1 The optics dependence on pressure:
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Pressuralependence ©

Ps; [Pa] Density of gas species T, [eV] T, [eV]
Case 0 0.3 Netandard 2 0.8 20
Case 2 0.6 2N gandard 1 0.4 10 *

Eo=1leV

Nplasma fiX€d The optics dependence on pressure:

U Cannot be explained by the increased
gas density in the extraction region
(Case Ovs Case 1)

U Can be explained by reduced energy of
the positive ions (Case 0 vs Case 2)

* M. Bandyopadhyay et al. A.J. Appl. Phys. 96, 4107 (2004)
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