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Motivation Motivation –– Energy Sources Energy Sources 
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Motivation Motivation –– Inverse Radiation ProcessesInverse Radiation Processes
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Essence of PASER Essence of PASER –– MacroMacro
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Essence of PASER Essence of PASER –– MacroMacro

Active MediumActive Medium
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Essence of PASER Essence of PASER –– MicroMicro
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Essence of PASER Essence of PASER –– Theoretical ModelTheoretical Model

Assumptions

Linear medium

Medium has a single resonance 

No Cerenkov radiation

Constant longitudinal velocity

No transverse motion

Uniform micro-bunches
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Essence of PASER Essence of PASER –– Theoretical ModelTheoretical Model
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Essence of PASER Essence of PASER –– Theoretical ModelTheoretical Model

( )
2

2
||

2

sinc
2

, , , sinc
2 sinc

2

M
F M β

β
β

β

⎛ ⎞Ω
⎜ ⎟⎛ ⎞Ω ⎝ ⎠Ω Δ ≡ Δ⎜ ⎟ ⎛ ⎞Ω⎝ ⎠
⎜ ⎟
⎝ ⎠

2 0 1@ CO :  10.2 μm; 9.2 μmλ λ= =

0.8 0.9 1.0 1.1 1.2
0.0

0.2

0.4

0.6

0.8

1.0

Ω/Ω0

Lo
ng

itu
di

na
l F

or
m

 F
ac

to
r

Δ = 0.1λ0, Ek = 45 MeV

M = 5
M = 10
M = 30
M = 80

Frequency SelectionFrequency Selection

CO2 relaxation time

8 1

2

1 5 10 sec
T

30M

−= ×

>

Banna, Berezovsky and Schächter, PRE 74, 046501, 2006



PAC07 - Albuquerque, June 27th 2007 13

OutlineOutline

Motivation
Essence of PASER

Macroscopic perspective
Microscopic perspective
Theoretical model

Proof-of-principle experiment 
Experimental setup
Experimental evidence

Future directions
Boosting the gradient
PASER staging

Concluding remarks



PAC07 - Albuquerque, June 27th 2007 14

Experimental SetupExperimental Setup

Downstream endDownstream end Upstream endUpstream end Triggering systemTriggering system

Banna, Berezovsky and Schächter, PRL 97, 134801, 2006
Banna, Berezovsky and Schächter, PRE 74, 046501, 2006
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PASER SystemPASER System
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Experiment ParametersExperiment Parameters

Energy 45 MeV
Intrinsic energy spread 0.03%
Normalized emittance 1.5 mm-mrad
Charge – macro-bunch 100 pC
Pulse duration 5 psec
Focus size (rms) 100 microns

e-beam Parameters

Wavelength 10.2 microns
Duration (FWHM) 200 psec
Peak power 0.5-1 GW

Laser Pulse Parameters

Gas mixture pressure 0.25 atm
Gap between electrodes 2.5 cm
Electrodes size 40 cm x 12 cm
Window thickness 2 microns
Window diameter 1 mm
Discharge voltage 25-30 kV
Cell transmission 50%-60% 

PASER Cell Parameters

Banna, Berezovsky and Schächter, PRL 97, 134801, 2006
Banna, Berezovsky and Schächter, PRE 74, 046501, 2006
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PASER System CharacteristicsPASER System Characteristics
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Experimental EvidenceExperimental Evidence
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Novel Acceleration Scheme UnveiledNovel Acceleration Scheme Unveiled



PAC07 - Albuquerque, June 27th 2007 20

OutlineOutline

Motivation
Essence of PASER

Macroscopic perspective
Microscopic perspective
Theoretical model

Proof-of-principle experiment
Experimental setup
Experimental evidence

Future directions
Boosting the gradient
PASER staging

Concluding remarks



PAC07 - Albuquerque, June 27th 2007 21

Advanced PASER Advanced PASER –– CollaboratorsCollaborators
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Boosting the GradientBoosting the Gradient

0 5 10
0.00

0.05

0.10

0.15

0.20

wact [mJ/cm3]

Δ
E k / 

E k(tr
ai

n)
 [%

]

d = 40 cm, Rb = 100 μm
d = 30 cm, Rb = 100 μm
d = 40 cm, Rb = 150 μm
d = 30 cm, Rb = 150 μm
d = 40 cm, Rb = 200 μm
d = 30 cm, Rb = 200 μm 

(opt)
actw

0 6 8 102 4
0

5

10

15

20

25

wact [mJ/cm3]

Δ
E k / 

E k(tr
ai

n)
  [

%
]

M = 60
M = 90
M = 120
M = 150

(opt)
actw

Optimizing # of Micro-bunchesOptimizing the Energy Density

Apply  beam focusing in the cell

Improve excitation efficiency 

Increase the gas pressure 

Increase the amount of charge

Improve bunching efficiency



PAC07 - Albuquerque, June 27th 2007 23

Staging of PASER CellsStaging of PASER Cells

Resistive Medium

Active Medium
The phase of the wake is determined 

regardless the length of the drift region

The wake-field phase 
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decelerating force

The wake-field phase 
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Staging of PASER CellsStaging of PASER Cells

No external intervention for phase matching is required in PASER

The phase of the accelerating field is established internally 

Staging PASER cells is natural
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SolidSolid--State PASERState PASER

10 times more energetic photons

Higher density of population inversion

Electrons travel through vacuum tunnel
Eliminate windows and gas scattering (emittance)

Micro-bunches at 1 micron wavelength

Efficient interaction requires GeV electrons

Solid-State (Nd:YAG) PASER

Advantages:

Challenges:

0 1.06= mλ μ
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Road MapRoad Map

Proof-of-principle

Learning curve

Ultimate goal

0.5 [MV/m]

40-50 [MV/m]

1-2 [GV/m]
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Concluding RemarksConcluding Remarks

PASER is a novel technique for accelerating relativistic particles
Requires only a train of electron micro-bunches with a spacing  
corresponding to the transition wavelength of the active medium.
No need for phase matching between the accelerated electrons and the 
active medium. Therefore, staging of PASER cells is natural. 

Proof-of-principle demonstration was achieved at BNL-ATF 
Energy gain of 200 keV in the kinetic energy of a mono-energetic ~45 MeV
macro-bunch was observed, corresponding to ~2,000,000 collisions of the 
second kind.
Experimental results are in very good agreement with an analytic model 
for the interaction of a train of micro-bunches with an active medium.

Near future proposed program aims to  
Boost the gradient up to 100MV/m based on gaseous medium. 
Demonstrate staging of PASER cells. 


