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'INFN activities: summary

9

_ _1~mmerical tool for the CB process:

hﬂ_ v Developed in a Matlab environment. .~
s ‘/Implementation of the process validated by a simple model. g
v Complete model benchmarked by experimental results.

f Electromagnetic study of the Phoenix plasma chamber:

v Calculation performed with COMSOL.

‘/Interaction COMSOL-Matlab for the implementation of the plasma.
v Calculation of the resonant modes. s
‘/Analysis in frequency domain.
R .I'VConﬁrmation of the frequency tuning effect, as observe during the SPES-CB acc. tests. / 2







il

= Thsis

T Lol S0

L
Efficiency (%)

NS

—— = gl
E"'-',_h-- e G
FDNE.I.I ——\

/
N

cpu':: t?FI‘lg;,,.‘a-h 'lﬁ"r .!‘tn' ~ i
P i e B

—

N

*+— Diffusion —

g T R e SR g TR B

(@R W FE P T




Slowing down in a plasma

. :'Iheory: Chandrasekhar (General), Spitzer (Charger Particles)

~ « Jons moving in a MB plasma

’5& [ Thermal Equilibrium ]
. Cumulatwe small angle collisions
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Dynamical Friction: Perp. diffusion:

Par. diffusion:

iE <Av> <(4v)*>=D,

<(av)>=D, |
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Load startmg condmons

Store the entire

workspace on a file

The ratio v/C, is calculated frrn
- (vx,vy, vz) and then the quatities v,
t : <(Av,)*> and <(Av||)2>
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Two directions perpendicular to intial
particle’s velocity are individuated

T
r
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By using <(AV J)2> and <(AV|) >,
three normally distributed vectors are
created and associated with the above

directions

the starting conditions for the next
iteration
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Domain of the

simulation
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Basic plasma model (BPM)

v plasmoid/halo — oots.

v’ Boris method for B motion 5.3.3;5
2 v losses ..u.u.:' 7
{ o(H+1)=0(8) - v, 0(H)* T, +0™ + go()xB] |
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Refmement
- v'potential dip
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v Complete Lorentz force ExB OO
v - e
Complete plasma model (CPM)
v Potential dip
v ionizations
v plasmoid/halo
v Complete Lorentz force ExB
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Checks Stores the entire
for saving workspace on a file

Collocates the particles insi*e or outside the resonance

¥
Calculates friclit.ln, vt and vg ..

v
Solves the Langevin equation for (vx,vx,vz) and updates the positions (X,y,z)

Stores their
positions and
Yes velocjties
1 No

A 4

Removes them
from the
calculation

Checks
for losses

the new (x,y,z), (vx;vy, vz) and become
the starting conditions for the next iteration
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:§' Collocates the particles inside or outside the resonance,
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KT=1eV n=0.1%n,,

a

Losses [%]

Captures [%]

&4 [%]

59.70

44.62

0.16

60.80

39.93

0.64

58.00

18.70
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- Y
The capture is still too low

Rb* e}ﬁciency agrees with experi. _

Requirements not | s
completely fulfilled yet S |
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Experiment
Simulation @
Total capture (%) \
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Conclusions to CB simulations

Slowing down and capture correctly implemented in a single particle approach:

v Coorrect implementation of equations

‘/Model of increasing complexity.

‘/Agreement with theorectical expectations.

‘/Agreement with experiments for a narrow set of plasma parameters.

Important outputs:

‘/Key role of ion temperature.

‘/Density estimation in agreement with experimental results within EMILIE.
‘/Energy deposition map.

Predictive tool for the capture process:

?I"ﬂuence of beam emittance. Important for the blind tuning!
‘/Inﬂuence of ion mass.

Injection of different masses

3,
IN'N A. Galatd, EMILIE Workshop 21-23 March 2016, GANIL
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;eometry

e (e

Artificial numerical “Absorbing boundary
condition” at injection

[ =T

B Extraction hole is a wave cut off region

- * Chamber: from HF-blocker to ext. “plate” L~353
- mm, R=36 mm, r=14 mm. " s

; — Al
Pre-Chamber: no influence for PML boundary = e Camera 2y |
| conditions T

T  Simulation Domain: only the geometrical details that impact on electromagnetic
propagation, as apertures and ports, are taken into consideration




L from vacuum cavity to anisotropic plasma-filled cavity b
Vacuum cavity (mesh 2.7mm) B ) g
Plasma-ﬁlled cavity (mesh 2.7mm): £ - alo a, :
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‘/Amsotropzc magnetized plasma Full 3D dielectric tensor

ﬁ ; S Depends on magnetic field and plasma
R parameters (n,,T,6.,y)

] — Dielectric constant of an R-wave everywhere*
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Resonant modes

Empty cavity:
‘/200 resonant frequencies around and below 14.521 GHz. . -
§~20 modes in 14.3-14.6 GHz (some degenerate). e 22

The closest mode to the operating frequency is TM 3 »;
(14,525 GHz)

Isotropic plasma:

‘/Only a limited number of frequencies calculated (limits
from computational resources).

‘/Identzﬁed two frequency shifts

P TE, , 15 14477 GHz - 14.504 GHz

> TE, ;- 14.504 GHz - 14.533 GHz

L‘f N A Galata, EMILIE Workshop 21-23 March 2016, GANIL
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Two selected frequencies: K?
V14521 GHz 8
}{;%{-44.324 GHz (SPES-CB acc. tests). | geometTy .
G:STII- | o ( freq(1)=1.4521E10 Multislice: Electric field norm (V/m) N .:
- Real geometry (waveguides, holes, pre-chamber "
- doesn’t matter) | E——_—
;-%.{iBoundaries: PML, IBC, port & port-off ]
= : = E-field@f=14521GHz | ||
=2 rtiin s e
| ¥ High reflection at waveguide input e e L.
| v' Most of the rest goes through the HF-blocker st e_ W
: 4 g g . - — 1 B
| ¥ 14.324 slightly better matched to the cavity e R PR L e |
\ (P,= 38.2% instead of 43.8% ) - |




[ Isotropic plasma ]
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Frequency « domain

Anisotropic plasma

e Full 3D dielectric tensor

14.324 GHz

14.521 GHz

Pinput[w]
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Conclusions

Resonant modes computation including a simple plasma model

Plasma modeling in two steps (plasmoid/halo):

‘/”isotropic plasma” allowed us to estimate the frequency shift of certain resonant mode
v “anisotropic plasma” complete 3D dielectric tensor evaluate the power absorptions by

the plasma: comparison between 14.521 GHz and 14.324 GHz supports the frequency
tuning effect experimentally observed

The presented model can be considered already predictive if one aims at comparing two
or more different frequencies, for a given geometry and plasma structure.
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Computing dielectric tensor £
in MATLAB

MATLAR
/ implementation of Boris
. method integration of the
- relativistic equation of
motion with Spitzer
collisions




Densita =50 keV Electron density

D. Mascali, et al. European Physical Journal - D







