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The Rubicon Inverse Free Electron Laser

What is an IFEL?
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The pre-buncher UCLA

PreBuncher Field varving Chicane gap
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- Single period, planar, halbach undulator : ﬂ

- Permanent magnet, variable gap chicane £ ﬂ : 55
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- Laser imparts sinusoidal
energy modulation
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Rubicon results

Rubicon IFEL experiment
52 MeV — 95 MeV
Strongly tapered helical undulator
Period tapered (4 cm — 6cm) & gap tapered
Increased fraction accelerated: 30% — 60%

Demonstrated emittance conservation

Nocibur high efficiency energy extraitV

65 MeV — 35 MeV
45% decelerated — 30% efficiency

RubiconICS
12 KeV X-Rays from 80 MeV

Un- accelerated beam

2.3 pm emittance

Accelerated beam
2.4 pm emittance
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The double buncher

Cascaded modulator-chicane modules for optical manipulation of relativistic electron beams
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Rubicon double buncher

Y 2y.0,

- Double buncher designed with original
pre-buncher as second buncher

- Designed for Rubicon IFEL experiment:
- 60 MeV/m gradient
- resonant phase: -11/4
- large initial ponderomotive bucket
compared to energy spread
Ab ~ 40

- Choose half period, 7 cm period
undulator for new buncher
- large gap (laser diffraction)
- close to optimal A2/A1

- optimize bunching factor, tweak
parameters to maximize number of
particles injected in bucket

- A2 < initial bucket height
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- energy spread: oyly = 0.0015

- Second modulation, A2 ~ 20 given
expected laser energy

- ratio of modulations, A2/A1 ~ 4
- Experiment: A2/A1~ 3.9

- first chicane rotates peak of 1%
modulation by ~ 1 — 1/(A1*B1) ~ 1
- Experiment: /(A1*B1) ~ 1.4
R56 = 480 um
- Use EM chicane: R56 = 0-900um

- Second chicane rotates peak of 2™
modulation by ~ 11/2 — 1/(A2*B2) ~ 2
- Experiment: 1/(A1*B1) ~ 2.1
R56 = 80 um
- Use permanent magnet chicane
(variable gap): R56 = 40-90 um
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The double buncher

emittance 2.5 mm-mrad

Laser Wavelength

10.3 pm

Laser Waist 1.06 mm

Aw (1°t modulator) .07 m (half period)

Aw (2" modulator)  0.05 m (1 period)

period tapering .04 .0.06 m
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Rubicon double buncher
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Rubicon double buncher 1200
>EL UL € 115
- e-beam laser pS scale timing achieved by e-beam controlled Sant i
transmission through Ge slab — fine timing: delay stage .4% 1. lﬂj
- vary laser polarization: rotate quarter wave plate B 1.05F
- vary laser waist position: move lens
- monitor high power laser energy and pointing stability on ceiling 1.00 —0.15 =010 -=0.05 0.00

Alignment iris Pyro camera for waist scan or photodiode for Ge tin Az (m)




Rubicon double buncher

- After optimizing fine
timing: scan over first
pre-buncher chicane gap
(only one buncher
installed) varying
injection phase and
compression

- Set first chicane gap at
peak: Scan over second
buncher EM chicane
current

- lines show GPT
simulation predictions
with laser energy
70-100 GW in steps of
8 GW
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b) No pre-bunching: ~25% accelerated (red)
c) Single buncher: ~45% accelerated (yellow)

d) Double buncher: ~70% accelerated (green)

e) GPT Simulation: ~80% accelerated (blue)
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Q=-20A
Q=-15A
Q=-10A
Q=-7A
Q=-5A

Q=-2A

36 consecutive sots Q=0A

demonstrating IFEL

double buncher
stability. Note: top
shot is the
unaccelerated
electron beam.
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Potential uses

Harmonic content varying
A2/A1 slightly
(blue line: single buncher)
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Potential uses
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- Modulator-chicane pre-
bunching with long 3
wavelength lasers

proposed for production

. 8
of a current spike
resulting in reduction of 6
the gain length and pulse _ '
length for FEL's (e-sase) A2=10 )

2.

- Double buncher peak
current comparable to % T & 54 & &
single buncher for small 10F
modulations of
- Flat top distribution A2 =15 Ii )
could be advantageous iy
for pulse lengths 2
comparable to slippage 0% .
length 0 1 2 3 4 5 6 B 1 2 3 4 5 6



Courtesy
of Claudio
Emma

Potential uses
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Potential uses

Bucket height ,
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Conclusion

- Validation of cascaded modulator-chicane pre-bunching scheme.

- Demonstration of up to 96% initial trapping of a relativistic electron
beam in an Inverse Free Electron Laser using cascaded modulator-
chicane pre-bunching.

- Acceleration of 78% of the beam to final energy 52 MeV to 82 MeV

- Stable acceleration, stable output energy, good beam quality

- Harmonic content and current enhancement may be beneficial
compared to single buncher

- Chirps are a problem!
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