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Overview

* Accelerator physics at IAP Frankfurt



Cavity development at IAP

TE,;; mode in a
cylindrical cavity

Superconducting CH
prototype

CH-cavity 2

 Development of H-mode cavities (U. Ratzinger, H. Podlech)

— Normal-conducting CH-/IH for GSI p-linac, post-acceleration for
laser-produced proton beams

— Superconducting CH for GSI Super-Heavy Element Linac,
MYRRHA ADS research reactor

* Development of RFQs (A. Schempp)



Frankfurt Neutron Source FRANZ

W = 120 keV W,=203:02MeV
< ICKer
l, S200mA | oo )wb= 700 keV \b \ oD RO
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lon Source Chopper CH- Bunch

Rebuncher Compressor
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* Accelerator driven neutron source ’Li Target

) . _ (Activation
— Measurement of (n,y) cross sections in o™ 20302 Mi Mode)
the 1-200 keV range
w  ’Li Target

— Measurement of (p,y) reactions (Compressor Mode)

— High-intensity accelerator test stand . N
* Operation modii:

[ ] 7 i 7
Neutrons produced by “Li(p,n)’Be — Activation mode — integrated

reaction cross sections, 1,2 mA
— Beam energy E =2 MeV — Compressor mode — energy
, resolved measurements
* High-neutron flux + Pulse length = 1 ns

— Beam current I= 50 mA (- 200 mA) * lpeak = 8 A (fOr Ipimar, =140 MA)



Frankfurt Neutron Source FRANZ

200 mA ion source (W. Schwelzer K. Volk) Coupled RFQ-IH section (M. Heilmann, U. Ratzmger A. Schempp)

Eean = 40 keV
Ty =110mA

B e R . SR o

PROTON SOURCE

—

© K. Volk, W. Schweizer

W, = 120 keV

g <200mA  Fpr ;vb= 700 keV

l Kicker
N f=25MHz

Chopper CH- Bunch

lon Source
Rebuncher Compressor

)

"Li Target
(Activation
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W  ’LiTarget
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Bunch compressor
“Armadillo”
(L.P. Chau)

Low-energy beam transport section
(O. Meusel, P. Schneider, O. Payir, C. Wagner,
C. Wiesner)



Figure 8 storage ring

M. Droba, H. Niebuhr, J. Wagner, A. Ates

TS-6 155 T _—  Design study for a magnetostatic storage
ring:

— Superconducting, B=6T

— Beam energies (protons):

Ex-1
Ex-2 E=90° 150 keV — 1 MeV
¢=270°
~_ — Beam currents: I< 10 A
sc-straight ® Possible experiments:
I-;: igm sectors M t f f . / t h . I
=].6m —
it _— easuremen of fusion / astrophysica
+=0.277 < cross sections
! TS-4 _ B} - i
T8-7 ol SC ~Toroidal Beam-plasma interaction

Experiments on a scaled-down version
ongoing:

— Beam injection

— Beam diagnostics

Simulation studies on long-term
confinement and beam compensation




Gabor lenses

K. Schulte, O. Meusel, S. Klaproth, C. Zerbe
~ solenoid

Electron trap

b reaecemamee 8 — Longitudinal magnetic field for
| ~mote—— )

|

transversal confinement

— Potential well for longitudinal
confinement

* Can be used to focus ion beams...
or investigate the properties of the
confined non-neutral plasma

Technical layout of a typical Gabor lens ] ‘éf“:o"ri¥

1 ®,=98kV

B,=10.8mT
o Emen= 0.17nmmmrad . 0] Emn= 0.236 n mm mrad
l, = 30 MA ~ l, = 35 MA

* Measurements in Frankfurt -3
— Temperature determination -~

— Time-resolved investigation .-
of instabilities

— Loss mechanisms @ @ ym 2 a o % ymm o »
High-intensity beam measurement at GSI [1]

[1] K. Schulte et al., Gabor Lens Performance Studies at the GSI High Current

8
Test Injector, Proc. Of IPAC2013, THPWO21



Overview

 Motivation for a new code



Space charge compensation

e fEbeam * Accumulation of secondary

¥ Ecomp particles in the beam potential

 “Traditional” treatment:
Constant compensation factor

Y+

Two options:
oo -ms)  * Decompensate the beam...

100
50_5 ZZZ:: Aberration due to high beam
¥ ! 0.0527 radii in lenses with non-linear
0] 0.0462 .
f i 0.0402 flelds
-50 ] o * Allow for compensation...
“100 ] | | | 0.0205 Aberration due to “non-
DY - B ideal” distribution of
Measured beam distribution after compen- compensation pa rticles
sated transport through 2 solenoids [1]
[1] P. Grof3, Untersuchungen zum Emittanzwachstum intensiver lonenstrahlen 10

bei teilweiser Kompensation der Raumladung, Dissertation, Frankfurt 2000



Space charge compensation

—> - e fEbeam * Include dynamics of
W Ecomp compensation particles in self-

S : : :
consistent simulation

(Computational) challenges:

100 [mm mrad] * Long simulation times
1 0.0686
3 kT
50 - 0.0595
_ t .o =——=17us
= - 00527 Compensation vpo U
€ 0
= o 120 keV p+, N,, p=1073 Pa
] 0.0402
] 00304 | * Magnetic fields
-100 ] ' ' ' 0.0205 an 5
~20 -10 0 10 20 t =——=71ps, B=05T
X [mm] cyclotron C[B p
Measured beam distribution after compen- |[* What is the “correct” physics?

sated transport through 2 solenoids [1]

[1] P. Grof3, Untersuchungen zum Emittanzwachstum intensiver lonenstrahlen 11
bei teilweiser Kompensation der Raumladung, Dissertation, Frankfurt 2000



FRANZ ExB chopper [1]

Questions for the simulation:

* Isit possible to form a pulse
with 50 ns flat-top?

* Isit possible to transport the
produced proton pulse with

oo
full space charge?

Shielding Tube

Electric Deflector

DC
Beam

ol

(Computational) challenges:

N

Shielding Tube

 Complex geometry SO

. . ) .
Time-dependent fields —

[1] C. Wiesner et al., Chopping High-Intensity Proton Beams Using vV *" “

a Pulsed Wien Filter, Proceedings of IPAC 2012, THPPPQO74 ) 3 ‘:,, vy

[2] C. Wiesner et al., Proton Driver Linac for the Frankfurt O\{Z W Y

Neutron Source, VIII Latin American Symposium on Nuclear S Veen = 12KV,

Physics and Applications



Overview

e Structure of the code bender



The Particle-in-Cell method

Calculate <« --

forces \

Insert new particles Move particles

/ Output «—— Particle losses

14



The Particle-in-Cell code bender

Written in C++
Parallelized using MPI:

— Configurable load balancing

Input in XML-style format

— All values read with units

Flexible geometric
positioning using
“coordinate systems”:

— Translation, Rotation,
Scaling

— Comoving

e Configurable output:

— Particle distributions

— Fields / Space charge
potential

— Particle tracking
— Particle losses

 Geometric objects

— Primitive objects: Plane,
Pipe, Plates, ...

— STL import

— Usable for particle losses /

boundaries in Poisson
solver

Bending unit 22 “Bender”
TV series “Futurama”



The Particle-in-Cell method

Calculate <« --

forces \

Move particles

/

Output «—— Particle losses

Insert new particles

16



¥ [mm]

The Particle-in-Cell code bender

Particle sources for

— DC and bunched beams

— Secondary particle emission
— Residual gas ionisation

Multiple species

e Available distributions:

— Import from file

Particle injection

— Model distributions: KV,
Gaussian, Waterbag, ...

Macroparticles
Beam energy (Dirichlet boundaries)
Beam energy (Neumann boundaries)

after 250 steps |

20

Z [cm]

30

40

50

134

1 132
1 130
1 128
1 126
1 124
1 122

120
118

Beam enerqgy [keV]
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The Particle-in-cell code bender

Calculate
forces

Insert new particles Move particles

AN —

Output «—— Particle losses
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The Particle-in-cell Code bender

External fields

Fields from  Placeable via coordinate
* Import from CST, Opera system definitions
. — Translation, Rotation,

Field models: Solenoid,

Multipole fields scaling

* Arbitrary time
dependencies:
harmonic, piecewise
linear, ...

Magnetic fields from
Biot-Savart solver

Electric fields from
Laplace solver

Analytic description



The Particle-in-Cell code bender

Calculate «----
forces

Insert new particles Move particles

AN —

Output «—— Particle losses
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The Particle-in-Cell code bender

3D finite difference solver:

Non-equidistant mesh

Dirichlet boundaries on arbitrary
geometric objects

Distributed in arbitrary boxes

Solution of sytem matrix using
PetSc [1]

3D fast fourier solver:

[1]
[2]

Rectangular equidistant grid
Neumann & Dirichlet boundaries
Distributed in z

Implentation using FFTW [2]

http://www.mcs.anl.gov/petsc

http://www.fftw.org/

Self-fields

0.6
0.5

0.4

0.3
0.2
0.1
D L]
5 06 07 08 09

0.1
0.3 0.4 ]

2D finite difference RZ solver

e Neumann & Dirichlet boundaries,
mixable on portions of the boundary

e Distributedin z
* Implemented using PetSc



Overview

* Simulation of space-charge compensation
— Drift sections

— Compensation in the presence of solenoidal magnetic
fields



SCC studies: drift system

Investigated systems
120 keV, 100 mA proton beam, KV distribution
 Homogenous gas background: Argon, p=10-3 Pa
* Repeller electrodes at -1500 V

Drift (50 cm) Two-solenoid LEBT section
20 40
15 30
10 20
— 5 — 10
E 0 E 0
=< -5 = -10
-10 -20
15 -30
op O -40
0 0.1 0.2 0.3 0.4 0.5 0 02 04 06 08 1 12 14 16
z [m] z [m]
* Matched to achieve zero losses * Multiple matching scenarios, B=0.7 T
e At =25 ps, 1 mm grid spacing e At =2 ps, 1 mm grid spacing, subcycling

of electrons
* Runtime usually = 1 day using rz solver * Runtime = 1 month using rz solver

23



SCC studies: drift system

. L . Cross sections
* Jonizing collision via Null-collision

method °
* Cross-section models implemented in % °
the code 5 *
* Isotropic distribution of secondary g 3
electron assumed E 2
Proton impact ionization: 1 TSI
e Model from Rudd et al. [1] ° 1 10 100 1000
* Single-differential cross section fitted Proton energy [keV]
to 6 datasets from different authors o 045 rrm
* Accurate to = 10-15 % N == SNl
Electron impact ionization: % 0.3
*  Binary-Encounter Bethe model T N
* Single differential cross section S 015 [ o NG
*  Theoretical model <P EOE S e\ G S
[1] Rudd, Kim, Madison, Gay - Electron production in proton O - 0 Lond
collisions with atoms and molecules: energy distributions, Rev. 0.01 0.1 1 10 100 1000
Mod. Phys. 64, 441-490 (1992)
[2] Kim, Rudd — Binary-Encounter-Dipole Model for Electron-Impact Electron energy [E‘V] 24

lonization, Physical Review A, 50(5), 3954.



SCC studies: drift system

Compensation built-up

Timesteps
0 200000 400000 600000 800000 1e+06

o} . . ; )
5 80 | Production rate: A T s e L e
Qs
Ew

[ L o
é e 40
Se 20 e b
LT

a 0.1

£,

5

= 0.01

=

(]

w

g -

- 0.001

0.0001

Time [ps]

e_ —
e-(nocol) ----
Ar+

Ar+

Total —

Radial ——-
Apertures
Repeller

Electrons

Total —
Radial
Apertures
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SCC studies: drift system

Spatial distribution

B

P=Pp+tPe-+PAr+

Density [10"° m~3]

p—




r [mm]

SCC studies: drift system

0.4

Spatial distribution

Hollow beam distribution
as a result of ,cross-over”
matching

P=Pp+tPe-+PAr+

w
Density [10"° m~3]

0.1 0.2 0.3 0.4 0.5
z[m]



r [mm]

SCC studies: drift system

Spatial distribution

20X P Ars P=Pp+tPe-+PAr+

Double layer
formation

0 0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4 0.5

z[m]

Density [10"° m~3]



Occurence [arb. units]

0.6

0.5

SCC studies: drift system

Energy distribution

 Thermal velocity

| | | - L .
X: T,=34.1 eV —— distribution
_ y: T,=33.7 eV ——
2:T.=48.1 eV —— — T, %1,

— Temperatures not
constant along beam
axis

* Non-neutral plasma?

- n,=3.9-10%> m3

— A =0.7mm<r, .,

-10 5 0 5 10 — lnA=16.6

Velocity [10° m/
elocity [10° m/s] _wsz.S GHz
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Density [arb. unit]

Density [arb. unit]

14

12 : : 0.

o NN &
1

14

12 ¢

10

(== T Lo B
T 1

SCC studies: drift system

20

r]comp

r [cm]

=90.6 %, T=22.9 eV

20

R R
f dr 7 ppeam (1) = PoMcomp j dr r exp {_
0 0

Spatial distribution

* Poisson-Boltzmann
equation for electrons

10 _ pbeam(r) Po e<p(r)
~5, o) = - e —g—oexp{— T }

e Normalization condition

ep(r)
kT

* Future work:
Implementation in 2d
code tralitrala, free
parameters T, Nomp

30



Density

X' [mrad]

-25

-50

SCC studies: drift system

0 2.5 5 7.5 10 12.5

75
50
25

0

€ms = 26.20 mm mrad

-75
-125-10 -76 -6 25 0 25 5 75 10 125

x [mm]

Influence on the beam

Even for “100%”
compensation, for T, >
0, some space charge
forces remain...



SCC studies: drift system

Energy distribution

1.2 . :
| | | | * Remaining question:
rZ soiver .
1 = JflliFT e Which process leads to thermal

distribution?

0.8 |— — * Physical system:

— Thermalization time due to
Coulomb collisions [1]:

Occurence [arb. units]
=
o
|

2 3/2
- — e~ (kT)
. Tee = 3n(2m)'/? g ~ (0.5ms
neem!/2In A

02 1= -  Simulation:

0 \ — Thermal distribution after =

10 10 microsecond

Velocity [10° m/s] — Influence of solver geometry (but

almost none on macroparticle
number, grid resolution...)

Open Question: Which process produces thermal distribution in the simulation?

32
[1] Goldston, R.J., Rutherford P.H., Introduction to Plasma Physics, Institute of Physics Pub. (1995)



SCC studies: two solenoid LEBT

Spatial distribution

—

Density [10"° m ™3]




r [mm]

SCC studies: two solenoid LEBT

Spatial distribution

Artificial (numerical?)
accumulation of electrons
and Argon ions

5
e
- o L
A . o
TXPArs >
2
A
0.5

xR = ..

P=Pps+Pe-+PArs

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6



r [mm]

SCC studies: two solenoid LEBT

Spatial distribution

&
=
.| 0
=
>
»
c
@
(|

0.5

0
0.2 0.4 0.6 0.8 1 1.2 14 1.6



r [mm]

SCC studies: two solenoid LEBT

Spatial distribution

Reduced transverse
electron mobility due to
magnetic field
— improved compensation

Density [10

0.4 0.6

1.6

1.5

—

Density [10"° m ™3]

o
o



Overview

e Other applications of the code
— ExB chopper at the Frankfurt Neutron Source (FRANZ)
— Electron lenses for IOTA at Fermilab
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FRANZ ExB chopper

Solenoid 3
(CST)

Poisson solver
174x64x1000
on 20 proc.

0.5

z[m]

Ven / KV

§i

Simulation input

Solenoid 4
(CST)
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Timet/ s

Measured voltage
pulse
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0.4
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B [T]
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FRANZ ExB chopper

Pulse forming

p, 50 mA
H,*, 5 mA
Hs*, 5mA g4 Chopper | ~Sol3 Sol4
i Time: 20 ns ]
60 .
40 .
= ]
= 20 :
X ]
0 L N
7
1 Voltage Pulse
'20 y i T T
-40 y ‘I / : variatinn_lefactﬂr/fa::tnrin . 93/dist1‘nn) .bin | _: A—_‘—'
1.5 Deflection 2 T 2.5 3 35 RFQ 4 ‘
Plate Aperture z/m -45
R IR
Plot by C. Wiesner Time t/ us



FRANZ ExB chopper

Pulse forming

Hs*, 5mA g4 Chopperl | Sol3 N Sol4
Time: 260 ns

E —
7
1 Voltage Pulse
i 6 L T T T
i 4+ { \ ]
N > 2F e
i L
variation_efactor Jfactor - n.ngdistl‘mn;.hin | : -:__ O A__._.
| | | | | | | M | | Q L
- =>2¢ ]
1.5 Deflection 2 T 2.5 3 3.5 RF 4 :
Plate Aperture z/m 4
_6'“ o e
. ¢ 1 2 3 4 5 6
Plot by C. Wiesner Time t/ us

40



FRANZ ExB chopper

Pulse forming

p, 50 mA
H,*, 5 mA
H;*, 5mA g4 Chopper Sol3 Sol4
Time: 320 ns
Q —
7
Voltage Pulse
] 6 L T T T
4+ 1
1 z2 ]
aaaaaa Itlnn efactlﬂr/fa::tnr 0 93/d1st1‘600 + .bin | -:T_J O ; A——s—-
1.5 Deflection 2 T 2.5 3 35 RFQ 4 >_2?
Plate Aperture z/m 4
T 2 s 4 5
Plot by C. Wiesner Time t/ us
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FRANZ ExB chopper

Pulse forming

p, 50 mA
H,*, 5 mA
H;*, 5mA g4 Chopperl . Sol3 . Sol4
Time: 380 ns
A\
7
e l ]
1.5 Deflection 2 T 2.5 3 35 RF

Plate Aperture z/m

Plot by C. Wiesner

d® A M O N B O
Frvr77 LELE BLELELELE [LELELELEN BLELELELE BLUELELEL

Voltage Pulse

.

‘Ok .

1

2 3
Time t/ us

4

.5.
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FRANZ ExB chopper

Pulse forming

p, 50 mA
H,*, 5 mA
H;*, 5mA g4 Chopper Sol3 Sol4
Time: 440 ns i
60 % .
40 © Z ]
i 7 i
= | ]
= 20 i
X ]
0 L N
7
: Voltage Pulse
_20 i T T
-40 riatinn_lefactﬂr/fa::tnrin . 93/&15&\2003 .bin | _: A__._.
1.5 Deflection 2 T 2.5 3 35 RFQ 4 ‘
Plate Aperture z/m -45
BT
Plot by C. Wiesner Time t/ us



FRANZ ExB chopper

Pulse forming

p, 50 mA
H,*, 5 mA
Hs*, 5mA g4 Chopper Sol3 Sol4
Time: 500 ns
60 %
40 - Z
7
- ‘
e 20
x

W7

Voltage Pulse

riation efactor/factor_0.93/dist2500_*.bin

. \ | I |

eflection 2 T 2.5 3

Plate Aperture z/m -4
6 bt R -

nE

w
[
Py

150D

_ 01 2 3 4
Plot by C. Wiesner Time t/ us



FRANZ ExB chopper

Pulse forming

p, 50 mA
H,*, 5 mA
H;*, 5mA g4 Chopper Sol3 Sol4
Time: 560 ns i
60 % .
40 - Z .
N i
£ i
= 20 :
X ]
0 o Q ]
: 7 i
: Voltage Pulse
'20 ; ‘ i T T
| . ]
40 %é " :
gl 777, " | . R
/A ‘ rlaltlnn_lefactlﬂr/fa‘::tnriln.93/‘d1st2‘8007*l.h1n‘ | | ‘ | ‘ B A__._.
1.5 Deflection 2 T 2.5 3 35 RFQ 4 ‘
Plate Aperture z/m -45
S
Plot by C. Wiesner Time t/ us



FRANZ ExB chopper

Pulse forming

H;*, 5mA g4 Chopper Sol3 Sol4

ITime: 62‘0 ns

W7

Voltage Pulse

/)

St

N

MR

— Y

A
o

riation efactur/fa::tm;n.93/dist3‘1003.hin |
| | 1 | 1 | 1 | 1

RN

1.5 Deflection 2 T 2.5 3 35 R —
Plate Aperture z/m ad:

nE

'
D

_ 0 1 2 3 4
Plot by C. Wiesner Time t/ us



FRANZ ExB chopper

Pulse forming

p, 50 mA
H,*, 5 mA
H3+I 5 mA 80 Chopper T SOI3 T T T T T T T SOI4 T ] Beam PUISe
Time: 660 ns 1 . " <
i lb__i 50E
. 402
- 13098
i | 200
] 1108
i / ‘ : g &
1 o6 07 08 09 1
— Time t/ us
Voltage Pulse
ation efactﬂr/factm;n.93/dist3‘3007*.hin _: A——‘—-
1.5 Deflection 2 T 2.5 3 35 RFQ 4 i 7
Plate Aperture z/m 4
. T 2 s 4 5 6
Plot by C. Wiesner Time t/ us



FRANZ ExB chopper

Pulse forming

p, 50 mA
H,*, 5 mA
H3+I 5 mA 80 Chopper T SOI3 T T T T T T T SOI4 T Beam PUISe
' Time: 700 ns ] . <
i lb_—: 50E
60 | 40 2
§ N\ ? B
i i | 200
40 § ] 1108
4 ‘ . 0 i
= 1 06 07 08 0.9 1
E 20 — Time t/ us
X i
0 ]
. Voltage Pulse
-20 i T T
-40 ariation efactor/factor_0.93/dis | _: A—-—-——:
1.5 Deflection 2 T 2.5 3 35 RFQ 4 ; ]
Plate Aperture z/m ad:
ST T
Plot by C. Wiesner Time t/ us
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FRANZ ExB chopper

Pulse forming

Sol3 Sol4

Time: 740 ns ]
60 .
40 .
£ i
s 20 i
X ]
0

-20 .
-40 .
i ‘ ‘ ‘Varialtinn efactlﬂr/fa‘::tnrilﬂ.Diﬂdist,_‘ﬁ"lﬂn%*l.h ‘ | ‘ i
1.5 Deflection 2 T 2.5 3 35 RFQ 4

Plate Aperture z/m

Plot by C. Wiesner

Beam Pulse
=150
402
| 308
| 200
1108
‘ . o &
0.6 0.7 0.8 0.9 1
Timet/ us
Voltage Pulse
5 A
-4
_6:.‘\...|. | P I J
0 1 2 3 4 5 6

Time t/ us
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FRANZ ExB chopper

Pulse forming

p, 50 mA
H,", 5mA

Sol3 Sol4

H3*, SmA g S — ) Beam Pulse
Time: 780 ns ] . "«
i lb_—: 50E
60 - 402
- 1308
] 200
40 ] 1108
_ ‘ | 0 i
] 0.6 0.7 0.8 0.9 1
E 20 — Timet/ us
— ]
X
0
Voltage Pulse
'20 T T
-40 1
‘ variation, efactﬂr/factnrin..: A__._..
1.5 Deflection 2 T 2.5 7 ]
Plate Aperture z/m f
T 2 3 4 s e

Plot by C. Wiesner

Timet/ s
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FRANZ ExB chopper

Comparison with measurements

* Measurement of charge in flat top, Qq0p r | Ecdz- fiof
* Constant magnetic field, sweep over voltage Wien = f B. d-
y a2
Simulation Measurement
4 Vimeas / kV
i | 02 04 06 0.8 1 1.2 14 16
35 140 |d‘p;,9:40A ] |
3| L ] 120 |
Q 25 o 100
< o
g 2 '--D_ 80 |
& 15¢ E 60 |
1 © w0
05 | '
i ‘ | 20
00.5 0.75 1 1.25 1.5 1.75 2 2.25 0 S E S
. . 1 025 05 075 1 125 15 175 2 225
Wien Condition E,'By™ / vp
Rwien / Vo
p+, 120 keV, 20 mm aperture He*, 14 keV, 50 mm aperture

Courtesy of C. Wiesner 51



Electron lens for IOTA

035

IOTA beam axis

Initial bend design of the electron lens

Bender used for investigation of
— Particle drifts in bend sections
— Influence of space charge

0.15

0

¥ [m]

Magnetic field [T]

 Electron lens for non-linear
optics in the Integrable Optics
Test Accelerator @ ASTA

 Parameters for McMillan case
E=5keV,1=1.7A

-200

-400

-600

Potential [v]

-200

-1000

-1200

0.3 0.4 0.5 0.6 0.7 0.8 0.9

z [m]

Space charge simulation on cluster TEV
192 processor, 0.5 mm, 1e7 particles
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Overview

e Qutlook and conclusion



Gabor lens

solenoid

x [m]
Density [arb.

-20 -10 0 10 20
z [m]

State of the plasma column after 140 us,
U=9.8 kV, B=10.8 mT, 1e-3 Pa Ar+

* Electron trap

— Longitudinal magnetic field
for transversal confinement

— Potential well for longitudinal
confinement

* Can be used to focus ion
beams...
or investigate the properties
of the confined plasma

* Simulations using bender are
under way...

54



Conclusion and outlook

* A new electrostatic, parallel Particle-in-Cell code has
been developed

* |t has been used to

— Investigate space charge compensation in simple model
low-energy beam transport sections

— Understand the pulse shaping in the FRANZ ExB chopper
e Future work will include

— Better understand the thermalisation process of the
plasma of compensation electrons

— Include additional effects required for modeling the

compensation process (charge exchange? Atomic
excitation?)

— Comparison to measurements done at FRANZ



Thank you for your attention!

In the name of the Frankfurt NNP group:

A. Ates, M. Droba, S. Klaproth, O. Meusel,

P. Schneider, H. Niebuhr, B. Scheible, K. Schulte,

M. Schwarz, O. Payir, J. Wagner, C. Wiesner, K. Zerbe



