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LIGHT-Project ==

LIGHT — Laser lon Generation, Handling and Transport
(see e.g. A. Almomani et al: LIGHT Project Report)

Experimental sequence:
*GSI| PHELIX Laser hits a thin metal foil target
*Proton plasma is accelerated by TNSA
mechanism (e.qg. )

*Proton beam is focused and carried to
re-buncher cavity

p— Post-acceleration
/ structure
Target
- / chamber pebuncher lon beam
A Solenoid / cavity / diagnostic

Short-pulse diagnostics —» [:]

Fig from: A. Aimomani, S. Busold et. al. : LIGHT Project report
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LIGHT-Project

Fig from: S. Busold et. al. : DPG 2012 Stuttgart talk
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LIGHT-Project

Target foil ~ 5-50 pm

From TNSA mechanism we know:

*High intense proton beam

*Beam shows high energy spread

«After acceleration beam can be treated as quasi
neutral: Protons and co-moving electrons

*Beam shows high initial divergence

Fig from: S. Busold et. al. : DPG 2012 Stuttgart talk
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LIGHT-Project

Considered area:

*Beam properties and models after acceleration
*Beam focusing and collimation methods
*Optical and technical properties of the focusing
elements

Fig from: S. Busold et. al. : DPG 2012 Stuttgart talk
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Scetch of simulation setup UNIVERSITAT
Deneutralization foil Pure proton beam
Solenoid

Laser pulse  Neutral Beam /
150 mm

DD )

— somm — Focal spot
Region 1: SC free Region 2: Focusing with solenoid: SC negligible, VORPAL 5.2°, CST Particle
drift: VORPAL 5.2© Studio®, CST EM Studio®
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Major Objectives, Tasks and
Tools

Region 1:
* Neutral beam of protons and co-moving
electrons drifts into space
« Athin metal foil removes all electrons of the
beam
Tasks: Where to place the foil, so that after the foil
space charge can be neglected?
Tools: VORPAL 5.2°
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Major Objectives, Tasks and
Tools

B

Region 1:
* Neutral beam of protons and co-moving
electrons drifts into space
« Athin metal foil removes all electrons of the
beam
Tasks: Where to place the foil, so that after the foil
space charge can be neglected?
Tools: VORPAL 5.2°

Region 2:
» Pure proton beam focused by a pulsed
power solenoid
« Space charge negligible
Tasks:
» Verifiy the Space charge criterion
« Get optical and technical properties of the
solenoid
Tools: VORPAL 5.2°, CST Studio®
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Space charge and beam model E==x

Simple bunched beam model:
*Homogeneous cylindrical bunch
*Has Inital divergence

Longitudinal energy spread
«Consists of protons and co-moving
electrons
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Space charge and beam model UNIVERSITAT
Simple bunched beam model: Reference Parameters:
*Homogeneous cylindrical bunch "
*Has Inital divergence
Longitudinal energy spread o 0,1 mm
-Consists of protons and co-moving l, 1 mm
electrons
E.in 10 MeV
AE,;, +1 MeV
Bunch model:
9 MeV 10 MeV 11 MeV
T
0,2 mm

F

I 1mm |
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Space charge and beam mode UNIVERSITAT
Simple bunched beam model: Reference Parameters:
*Homogeneous cylindrical bunch 1
*Has Inital divergence
Longitudinal energy spread o 0,1 mm
Consists of protons and co-moving l, 1 mm
electrons

Evin 10 MeV

AE,;, +1 MeV
Approximations: Bunch model:
-Longitudinal expansion only due to 9 MeV 10 MeV 11 MeV
velocity spread:
*Edge effects neglected « infinite long 0.2 mm
beam il
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Transversal envelope equation

One finds the transversal envelope equation forthe  d’c K (2) r

expansion of the beam radius r: dz2 5 o= r
0
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One finds the transversal envelope equation for the
expansion of the beam radius r:

Z°p(z)1-x) €

,6’”2C27/3mp 2&,

With the perveance: K(z)=

With: Z charge number of the ions (e.g. Z=1 for protons), p particle density, m, particle mass,
ro initial radius, e elemental charge, c lightspeed, y Lorentzian factor and k the ratio of protons

and electrons (neutralization factor)
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One finds the transversal envelope equation for the
expansion of the beam radius r:

Z°p(z)1-x) €

,6’”2C27/3mp 2&,

With the perveance: K(z) =

With: Z charge number of the ions (e.g. Z=1 for protons), p particle density, m, particle mass,
ro initial radius, e elemental charge, c lightspeed, y Lorentzian factor and « the ratio of protons
and electrons (neutralization factor)

Perveance is a measure for space charge effects and depends on
beam parameters! It is the leading quantity in rating the

Importance of space charge!
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Verification by VORPAL®
simulation
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Worst case: Bunch only consists of protons, 9J,= 0°.
Ko, = 1,32 -108 m2
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Verification by VORPAL®
simulation
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Worst case: Bunch only consists of protons, 9J,= 0°.
| Ko=1,32 -108 m™

Transversal expansion:
Analytical calculation from envelope equation (black
| line) and VORPAL® simulation (stroboscopic pictures)

Z (mm)

22.08.2012 | Fachbereich Physik | TU Darmstadt | Peter Schmidt | 7



Verification by VORPAL®
simulation
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Worst case: Bunch only consists of protons, 9J,= 0°.
| Ko=1,32 -108 m™

Transversal expansion:
Analytical calculation from envelope equation (black
| line) and VORPAL® simulation (stroboscopic pictures)

12}

10f

Z (mm)

Bunch divergence angle:
Comparison of analytical calculation from envelope
equation (black line) and VORPAL® simulation (dots).

S DA N
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Verification by VORPAL®

simulation
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Z (mm)

Bunch divergence angle:

Comparison of analytical calculation from envelope
equation (black line) and VORPAL® simulation (dots).

Worst case: Bunch only consists of protons, 9J,= 0°.

| Ky=1,32 -108 m?2

Transversal expansion:
Analytical calculation from envelope equation (black

| line) and VORPAL® simulation (stroboscopic pictures)

12}
10f

S N A ON 00

0 1 ) 3 4 5
z (mm)

Due to finite bunch length, simulation results are below analytical — analytical

calculations are upper limit!
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Deneutralization with a foll ==

Deneutralization with thin metal foil:

*Bunch is initially quasi neutral and drifts into space

*At some position z;,;, place a thin foil to absorb electrons
*Determine z;,;, such that space charge can be neglected behind foil
*Place focusing elements behind the foil

0.6} Deneutralisation foil| el

. -
0.4} Laser pulse et N
. e e :
oo . :.",_ b . .‘:_. -.“ # ] )
LI et f PR A SE o
0 2 a e, g L] S P ]
5 - SR Targe o " 2 L™
e "% . & s e
o) K elEC SE e N s A O %
= s R = L o
8 ) e s i
= 0.0 o
N : A% el . . a8t
;
= gl .

|
it
[

FE P RNl ol 4
B ot E
. = . . § Vaa
L 5 . » p .
Sl ol . - R -
.3 . . ) . . el
. R O . ' - .
s . M B . b
o s .’ PR O . <) d s -
. S 4 LRI B : - oo
s . . T . . " 4o
P e P 4 e o met ? v faie AY . R Tk Y ¥ . e . *
o 4 . - PR J="" . . S e .. L R
ta .._,w. A T s . ot Ny Sl G " :\. "l '1
S B T SR . B - oS g . R RO
Sl . . . . : el vy & T . -
e~ o oo o S w ey . .
e eror i e I g R R - DR Rl
EANLY e £ i, X ), e 2 .
n et b e Py e NS %
2 ”: - | e . e . " . . Ol A

Quasi neutral plasma‘” f.[. = * 737 e L 0]

|
e
~

Space charge free ‘prc}fc.o.r'); 3

Target
beam

|
=
=)

05 1.0 15 2.0 25
z (mm)

S
o

22.08.2012 | Fachbereich Physik | TU Darmstadt | Peter Schmidt | 8



TECHNISCHE
UNIVERSITAT
DARMSTADT

Sample calculation

Initial conditions:
* Bunch is neutral with 95= 0° and
Ko= 1,32 -10° m2
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Sample calculation
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Initial conditions:
* Bunch is neutral with 95= 0° and
Ko= 1,32 -10% m=2

« Tolerable max. angle after deneutralization:

9ax < 1° = K <15.000m2 after foil!

1.0
0.8}
0.6}
0.4}

0.2}

0.0t/ . N \
0 5000 10000 15000

K
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Sample calculation ==

Initial conditions: 106}

* Bunch is neutral with 95= 0° and
Ko= 1,32 -10% m=2 105]

« Tolerable max. angle after deneutralization:
Yax < 1° = K <15.000m 2 after foil!

K (1/m?)

104}
1o}

1000
0.8f . . . . . :

0 5 10 15 20 25
0.6} ] z (mm)
gma}\
0.4;
Foil position from Space charge criterion:
02 | Zwi = 1 m behind the target!
0.0t/ . . .
0 5000 10000 15000

K
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Focusing with pulsed power
solenoid
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A%v /?A

Pulsed power solenoid:

*Model designed in CST EM Studio®

«CST® tracking simulation (space charge free
*VORPALZ® simulation (with space charge)
«Comparison of both validates space charge criterion
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Focusing with pulsed power
solenoid
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SeEvAs
A%v /?A

B

Pulsed power solenoid:

*Model designed in CST EM Studio®

«CST® tracking simulation (space charge free
*VORPALZ® simulation (with space charge)
«Comparison of both validates space charge criterion

CST® model of the solenoid. Some
parts are hidden for better overview
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Pulsed power solenoid:

*Model designed in CST EM Studio®

«CST® tracking simulation (space charge free
*VORPALZ® simulation (with space charge)
«Comparison of both validates space charge criterion

20
CST® model of the solenoid. Some
10l parts are hidden for better overview
R
A
— 10}
-20

~150 —100 =50 0 50 100 150 200
Z (mm)
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Pulsed power solenoid:

*Model designed in CST EM Studio

«CST® tracking simulation (space charge free
*VORPALZ® simulation (with space charge)
«Comparison of both validates space charge criterion

20 ‘
CST® model of the solenoid. Some
10l parts are hidden for better overview
R
A
~10p Results are in good agreement — Space
s charge criterion yields good results!

~150 —100 =50 0 50 100 150 200
Z (mm)
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Supply wires field

Supply wires:

*Former solenoid power supply by two wires parallel to
the beam pipe

*Dipol field of the wires leed to deflection of the beam
*Results simulated with CST Particle Studio®

CST® model of the solenoid. Some
parts are hidden for better overview
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Supply wires field

Supply wires:

*Former solenoid power supply by two wires parallel to
the beam pipe

*Dipol field of the wires leed to deflection of the beam
*Results simulated with CST Particle Studio®

40}
CST® model of the solenoid. Some

parts are hidden for better overview

b
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Supply wires field

Supply wires:

*Former solenoid power supply by two wires parallel to
the beam pipe

*Dipol field of the wires leed to deflection of the beam
*Results simulated with CST Particle Studio®

40}
CST® model of the solenoid. Some

parts are hidden for better overview

b
S
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=

[
)
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Based on this simulation, the
experimental setup was improved!
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S
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100 0 100 200 300 400 500 600
z (mm)
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Ohmic losses and inductive
coupling
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Ohmic losses and coupling:

*Solenoid operated in pulsed mode

*Shows inductive coupling to surrounding metal
parts — time shift between current —and field
maximum
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Ohmic losses and inductive
coupling
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Ohmic losses and coupling:

*Solenoid operated in pulsed mode

*Shows inductive coupling to surrounding metal
parts — time shift between current —and field
maximum

*Induced eddy currents leed to power losses

— use CST EM Studio® to calculate both!
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Ohmic losses and inductive
coupling
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Ohmic losses and coupling:

*Solenoid operated in pulsed mode 1.0
*Shows inductive coupling to surrounding metal ol
parts — time shift between current —and field
maximum L 06 1o
Imax BO
0.4} J
02} /
0.0f2 . a8 - .
0.0 0.2 04 0.6 0.8

t (ms)
*Induced eddy currents leed to power losses

— use CST EM Studio® to calculate both!
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Ohmic losses and coupling:

*Solenoid operated in pulsed mode 1.0
*Shows inductive coupling to surrounding metal ol
parts — time shift between current —and field
1 I 0.6} 1 Bz
maximum — B
0.4 ]
7 ]
6 0.0'.' i : ;. N 5 N
— 0.0 0.2 04 0.6 0.8
; 5 t (ms)
P % *Induced eddy currents leed to power losses
% 3
()
=2 — use CST EM Studio® to calculate both!
1
OF . . . .
00 02 04 06 08 1.0

t (ms)
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Conclusions and Outlook ==

Conclusion:
« Simple bunch model could be varified by VORPAL® simulations

« Comparison of VORPAL® and CST® simulations show the validity of the worked out space
charge criteria

* Noise fields and coupling effects of the solenoid could be worked out by simulation with
CST EM Studio®
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Conclusion:

« Simple bunch model could be varified by VORPAL® simulations
« Comparison of VORPAL® and CST® simulations show the validity of the worked out space

charge criteria

* Noise fields and coupling effects of the solenoid could be worked out by simulation with

CST EM Studio®

Outlook:

« Compare different focusing methods, e.g. solenoid and quadrupol tribletts

« Work out a quality criterion for focusing methods
« Answer question: For given task, which method is best?
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The End ==

Thanks for your attention!
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