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Review of Theory behind and Previous Research

• Lawson-Woodward theorem:
In the plane wave Vϕ >c, the electrons may experience the acceleration 

d d l ti h lt t l N t i iand deceleration phases alternately. Net energy gain is zero.

• Novel VLA (CAS scheme): 
The diffraction not only changes the intensity distribution of the laserThe diffraction not only changes the intensity distribution of the laser, 
but also its phase distribution, which results in Vϕ <c in some areas. 
Thus, in some special regions, which overlaps features of both strong 
longitudinal electric field and low laser phase velocity electrons canlongitudinal electric field and low laser phase velocity, electrons can 
receive high energy gain from the laser.
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Contour of phase velocity in a tightly focused laser p y g y
(Gaussian beam)
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The distribution of the minimum phase velocity        in             plane 
of a focused laser beam.

mvϕ 0=y
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of a focused laser beam.



Quality factor and Acceleration ChannelQuality factor and Acceleration Channel
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Required Parameters for CAS to emergeRequired Parameters for CAS to emerge

• Extra Strong Laser Intensity

5≥ 50≥a

mforcmWI μλ 1     /101 219 ≈×>

mforcmWI μλ 10     /101 217 ≈×>

• Initial Electron Beam Energy (5 ~ 15MeV)
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Simulations Progress Based on Current ATF 
Experimental Conditions.

• 20 MeV electron beam at 200pC has been successfully tuned 
to the end of Beam Line 1 (BL1) by Feng Zhou withto the end of Beam Line 1 (BL1) by Feng Zhou with 
normalized transverse emittance below 3.5 μm and energy 
spread smaller than 0.15%. p

• 10.6 μm CO2 laser with 5J and 5ps, 1TW level is available; 
3TW will come soon

• Higher resolution and wider energy acceptance energy 
spectrometers with 900 and 40 dipoles, respectively.
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Laser Parameters: e-Beam Parameters:

energy 5J

pulse length 5ps

Initial energy 20MeV

I iti l E itt 1 2
p g p

power 1TW

spot size (radius) ~ 40

Initial Emittance ~1.2

Energy Spread ~10-3
mμspot size (radius) ~ 40 

wave length 10.6 spot size ~ 40 

l l h

mμ
mμ
mμ

1.3 Pulse length 5ps0a
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• In BNL-ATF, the current spectrometer can distinguish 0.1% accuracy and tell

Conclusions

In BNL ATF, the current spectrometer can distinguish 0.1% accuracy and tell
0.05% accuracy. So this interaction can be detected by ATF diagnostic system.
Since the original e-beam is at 20MeV and 0.1% energy spread, which gives 20keV
width; and the final e-beam energy center is at around 20MeV too, and the 2%
energy spread gives 400keV width which is obvious enough to observe ATFenergy spread gives 400keV width, which is obvious enough to observe. ATF
spectrometer’s vertical axis represents vertical size of e-beam and the horizontal
axis represents energy spread. Therefore, we are supposed to see the signal of
energy gain from the spectrometer.

• Also ATF’s spectrometer’s lens for capturing image is 1.5cm. The e-beam in our
simulation shows that the beam size will be around several hundred microns, more
than 102 orders smaller than the spectrometer scope range. To make sure that e-p p g
beam image would be in the effective range of spectrometer, after the interaction
chamber we have four quadrupoles which can be used to tune the beam size down
along the stream and the dipole there bend e-beam to spectrometer.
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Experimental Setup and Plans.

• ATF routinely operates at higher energy >40 MeV to avoid space charge effects. 
Running at 5-20 MeV may need to investigate:Running at 5 20 MeV may need to investigate: 
- Transport ~30 m to experimental station 
- All power supplies were designed for higher-energy beam

• 20-MeV e-beam study - PARMELA show that the emittance and energy spread 
can be preserved 2 μm and 0.3%, respectively; real beam was successfully tuned 
to the end of the beam line; 

5.5%
<0.1%
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Acceleration + deceleration Acceleration + acceleration
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Experiment Layout Design
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MeasurementsMeasurements

• Angular particle distribution:• Angular particle distribution: 
- electrons were ejected parallel to the laser axis
- an off-z-axis (along x-direction) pop-in BPM, which is located ( g ) p p ,
at 12-cm from IP(~1000 ZR); 

- its intensity 0.2-J/cm2 <YAG screen damage threshold 1-J/cm2

• Maximum energy gain: using correctors to correct beam to the 
original axis and then measured energy spectrum with energy 

0 0 di lspectrometer, 900 or 40-dipole spectrometer.
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Experiment plan

• Phase I: Proof-of-principle based on the current ATF conditions
- Engineering designs for the laser injection systemEngineering designs for the laser injection system
- Engineering designs for the output electron diagnostics to measure angular 

particle distribution
d f b l h b- Design and fabricate a particular VLA chamber

- Measure angular electron distributions
- Continue to optimize parameters for measurements of angular electron p p f f g
distributions.

- Modify the steering magnets to meet the VLA requirements
M i- Measure energy gain

• Phase II: to demonstrate novel VLA – CAS under higher laser intensityg y
- Continue efforts to tune e-beam at 15-MeV and lower energy
- Adjust laser optics to make laser having an incident injection to e-beam

Measure angular distribution and energy gain
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- Measure angular distribution and energy gain



SummarySummary

•Proof-of-Principle experimentProof of Principle experiment
This is a new concept for vacuum laser acceleration

•Man powerp
Collaboration between USA and China. Dr. Pingxiao Wang 
from Fudan University is coming to ATF for co-working on 
this project, which is funded by China

•Experiment Equipments
Th i ti i t b d N d t b ildThe existing equipments can be used. No need to build more 
devices, but only some re-configuration.

•Future Prospects•Future Prospects
With the laser improvement in future, we can perform much 
higher energy gain experiments.
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Thank You!

and
Thanks to every one at ATF
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