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Linear Focusing Introduction

Notations

@ nz : Longitudinal density distribution along z axis
@ vz : Longitudinal velocity distribution along z axis
@ nx : Transverse density distribution along x axis
@ vx : Transverse velocity distribution along x axis
@ ny : Transverse density distribution along y axis

@ vy : Transverse velocity distribution along y axis
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Linear Focusing

Introduction

@ Electron beam has normal distribution in transverse (x,y) and

uniform distribution in longitudinal (z)

@ Expansion in transverse because of thermal velocity and space

charge
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Linear Focusing

nsion
ansion
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Linear Focusing Introduction

Initial vx
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Linear Focusin
g Introduction

Thermal expansion
Space charge expansion

Focusing field

E(r) = ——=(r—n)

@ m : rest mass of electron
@ e : charge of electron
@ 0 : RMS of thermal velocity

@ rp : RMS of position r
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Linear Focusin
g Introduction

Thermal expansion
Space charge expansion

vx without focusing
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Linear Focusin
g Introduction

Thermal exp.

vx with focusing
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Linear Focusin
g Introduction

Thermal expansion
Space charge expansion

Focusing field

E(r) = %gor (1-er/2d)

@ q : beam'’s line charge density, (Total charge)/(Longitudinal
length)

@ r : radial distance in transverse plane

@ rp: RMS of r
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Linear Focusin
g Introduction

Thermal expansion
Space charge expansion

vx without focusing
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Linear Focusing Introduction

Therm ansion
Space charge expansion

vx with focusing
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Linear Focusin
g Introduction

Thermal expansion
Space charge expansion

vx with focusing
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Linear Focusin
g Introduction

Elilely]
e expansion

Beam size with focusing
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Introduction

Average Range

ocusing

@ Calculate density and velocity distribution using electrons

within some transverse ranges (1o, 20, 30,entire domain)

@ In previous comparison with theory of uniform distribution
case, average range 1o was used, as theory also counts

electrons within this range

@ Now with normal distribution, different average ranges affect

results
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Introduction

Average Range Linear focusing

Quadrupoles focusing

@ o, = 0y, and they don’t change during simulation
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Introduction
Linear focusing
Quadrupoles focusing

Average Range

nx at 0.6 m
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Introduction
Linear focusing
Quadrupoles focusing

Average Range

vx at 0.6 m
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Introduction
Linear focusing
Quadrupoles focusing

Average Range

nz at 0.6 m
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Introduction
Linear focusi
Quadrupol ocusing

Average Range
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Introduction
Linear focusing
Quadrupoles focusing

Average Range

Beam size changes

14 r ; ;
= hetax

betay

N
N
T
I

,m
N
o

:
.

[o]
T
L

beta function
o

0 0.5 1 1.5 2 25 3

longitudinal distance, m
Jun Ma, Roman Samulyak Modulator Simulations with Focusing Fields




Introduction
Linear focusing

Average Range

Quadrupoles focusing

® oy # 0y, and they change during simulation

@ oy and oy, are calculated dynamically at each visualization step
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Introduction
Linear focusing
Quadrupoles focusing

Average Range

nx at 0.6 m
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Introduction
Linear focusing
Quadrupoles focusing

Average Range

vx at 0.6 m
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Introduction
Linear focusing
Quadrupoles focusing

Average Range

ny at 0.6 m
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Introduction
Linear focusing
Quadrupoles focusing

Average Range

vy at 0.6 m
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Introduction
Linear focusing
Quadrupoles focusing

Average Range

nz at 0.6 m
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Introduction
Linear focusing
Quadrupoles focusing

Average Range
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Introduction
Linear focusing
Quadrupoles focusing

Average Range

nx at 3 m
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Introduction
Linear focusing
Quadrupoles focusing

Average Range

vx at 3 m
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Introduction
Linear focusing
Quadrupoles focusing

Average Range
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Introduction
Linear focusing
Quadrupoles focusing

Average Range
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Introduction
Linear focusing
Quadrupoles focusing

Average Range
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Introduction
Linear focusing
Quadrupoles focusing

Average Range

vz at 3 m
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Introduction
Linear focusing

Average Range

Quadrupoles focusing

@ All following results use entire domain as average range
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Modulator with linear focusing

@ oy = 0, = 0, and they don't change during simulation
@ ion's position
e x:0.0/0.5/1.0/1.5/2.0 ¢ off center

e y : center

e z: center
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Modulator with linear focusing

0.00 off center
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Modulator with linear focusing

0.50 off center
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Modulator with linear focusing

1.00 off center
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Modulator with linear focusing

1.50 off center
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Modulator with linear focusing

2.00 off center
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Modulator with linear focusing

0.00 off center
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Modulator with linear focusing

0.50 off center
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Modulator with linear focusing

1.00 off center
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Modulator with linear focusing

1.50 off center

'«
[
4 ®
E
[
H

Average velocity, m/s
o

—At03m| ! o
—=A06m| >
At0.9 m
Atl2m
10 5 0 5 10

Transverse coordinate. 1/ Debye length
Jun Ma, Roman Samulyak Modulator Simulations with Focusing Fields



Modulator with linear focusing

2.00 off center
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Modulator with linear focusing

0.00 off center
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Modulator with linear focusing

0.50 off center
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Modulator with linear focusing

1.00 off center
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Modulator with linear focusing

1.50 off center

s

O 6

& —A0.3m
o5 | At0.6 m|
2 At0.9 m
8 4t At12m| |
—

[0}

Q 3t 1
2]

c .

22 H ]
3] it

0} i

o 17 ;4 8
s N

(@] g ',‘

@ O T
Ke]

€ 4 ‘ ‘ ‘

= -10 -5 0 5 10

Transverse coordinate. 1/ Debye length
Jun Ma, Roman Samulyak Modulator Simulations with Focusing Fields



Modulator with linear focusing

2.00 off center
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Modulator with linear focusing

0.00 off center
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Modulator with linear focusing

0.50 off center
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Modulator with linear focusing

1.00 off center
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Modulator with linear focusing

1.50 off center
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Modulator with linear focusing

2.00 off center
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Modulator with linear focusing

0.00 off center
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Modulator with linear focusing

0.50 off center
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Modulator with linear focusing

1.00 off center
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Modulator with linear focusing

1.50 off center
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Modulator with linear focusing

2.00 off center
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Modulator with linear focusing
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Modulator with linear focusing

0.50 off center
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Modulator with linear focusing

1.00 off center
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Modulator with linear focusing
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Modulator with linear focusing

2.00 off center
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Modulator with quadrupoles focusing

Beam size changes

14 r ; ;
= hetax

betay

N
N
T
I

,m
N
o

:
.

[o]
T
L

beta function
o

0 0.5 1 1.5 2 25 3

longitudinal distance, m
Jun Ma, Roman Samulyak Modulator Simulations with Focusing Fields




Modulator with quadrupoles focusing

® oy # 0y, and they change during simulation
@ ion's position
e x:0.0/0.5/1.0/1.5/2.0 o(initial) off center
@ y : center
e z: center
@ Quadrupoles change beam’s transverse velocity, and
longitudinal velocity
@ Electron beam has the same longitudinal velocity as ion
initially, but has some longitudinal motion with respect to ion
during simulation because of quadrupoles, so the vz plot is

not symmetric
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Modulator with quadrupoles focusing
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Modulator with quadrupoles focusing

0.50 off center
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Modulator with quadrupoles focusing

1.00 off center
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Modulator with quadrupoles focusing

1.50 off center
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Modulator with quadrupoles focusing

2.00 off center
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