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Acceleration & Saturation Acceleration & Saturation 

Interaction of a single-mode with a bunch of electrons
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Energy conservation in the presence of Active Medium

Electron Density
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The effect on the population inversion
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Summary of governing equations
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Simulation parameters:

10-24σ [m2]

1025Nph [m-3]
2Pin [MW]

300Energy [MeV]
105Ne [m-3]
7x 103α

1.06λ [µm]
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Acceleration & Saturation Acceleration & Saturation Saturation

0

500

1000

1500

0.0

0.5

1.0

1.5

0.0 0.2 0.4 0.6 0.8 1.0

A
ve

ra
ge

 E
ne

rg
y 

[M
eV

]

∆γ
/(<

γ>
−1

) [
%

]

ζ



0

20

40

60

80

100

0.0

0.5

1.0

1.5

2.0

2.5

0.0 0.2 0.4 0.6 0.8 1.0

R
el

at
iv

e 
Po

pu
la

tio
n 

In
ve

rs
io

n 
[%

]

G
ra

di
en

t [
G

V
/m

]

ζ

Acceleration & Saturation Acceleration & Saturation Saturation



Point-charge along a Dielectric CylinderPoint-charge along a Dielectric Cylinder
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Primary FieldPrimary Field

Ignoring the dielectric cylinder
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Secondary FieldSecondary Field
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Decelerating Field
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Decelerating Field: ν= 0, γ>>1 Decelerating Field: ν= 0, γ>>1 
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Decelerating Field: ν= 0, γ>>1 Decelerating Field: ν= 0, γ>>1 
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Decelerating Field: ν= 0, γ>>1 Decelerating Field: ν= 0, γ>>1 
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Decelerating Field: ν 0, γ>>1 Decelerating Field: ν 0, γ>>1 ≠
Independent of  γ
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Decelerating Field: ν 0, γ>>1 Decelerating Field: ν 0, γ>>1 ≠
 

x 

y 

q

h

V

z 

φ0 

Rε 

1

max

1
max

1)/(7.02

)1/(5.0
−

−







 −≈∆⇒Ω≈∆Ω

−≈Ω

R
hRc

Rh

γω

γ

 

Ω 

U(Ω) 

Ωmax 

Umax 

∆Ω 

( )∫ ∑
∞ ∞

=
Ω−ΩΩΩ=

0 12
0

' )(
4 ν νδ
πε

Ud
R

qE









Ω

Ω−Ω
−

Ω
Ω

=Ω

=Ω

max

max

max
max exp)( UU

νγν

ε – independent; 
no spatial growth



Decelerating Field:  Finite size bunch (ν=0) Decelerating Field:  Finite size bunch (ν=0) 
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Decelerating Field:  Finite size bunch (ν=0) Decelerating Field:  Finite size bunch (ν=0) 
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CO2 Based SystemCO2 Based System

0.1µF;  20-25kV, 

20 Joule, 100nsec

10mJ/cm3

40 cm

4.5 cm
12 cm



CO2 Based SystemCO2 Based System



Nd:YAG Based SystemNd:YAG Based System

10mF;  0.8kV, 

1500 Joule, >50µsec

10mJ/cm3



Nd:YAG Based SystemNd:YAG Based System



Nd:YAG Based SystemNd:YAG Based System



Flash-Lamp

Nd:YAG rod:
- 6mm diameter
- 10 cm length
- Nd – 1020cm-3

- 200 Joules

Bunch: 
109 electrons
30 GeV
5 Joules

Nd:YAG Based SystemNd:YAG Based System



Nd:YAG Based SystemNd:YAG Based System



Field Analysis  Field Analysis  
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Eigen-frequenciesEigen-frequencies
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Growing modeGrowing mode
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Output Energy SpreadOutput Energy Spread

sec230Tcm1038.1N
3.312cm106

2
320

ph

219

µ
εσ

≈×≈
=×≈

−

−

%5%5.0
1

10

9.0108.1
9

4
int

→≈
−

∆
≈

≈Ω×≈

γ
γ

e

out

N

TWPZ



Summary Summary 

•• PASER:PASER: PointPoint--chargecharge accelerated byaccelerated by energy energy 
stored  in the mediumstored  in the medium

•• Same energy amplifies a Cerenkov wakeSame energy amplifies a Cerenkov wake--fieldfield

•• EigenEigen--modes move at the speed of the bunchmodes move at the speed of the bunch

•• Inherent longitudinal EInherent longitudinal E--field: interaction lengthfield: interaction length

•• Acceleration not affected by medium saturationAcceleration not affected by medium saturation

•• NonNon--symmetric modes (symmetric modes (γγ>>1) are not amplified>>1) are not amplified
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