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Basic FEL ParametersBasic FEL Parameters

Design Exp.
Wavelength λr 8000 8300 nm

Electron Energy E 70.8 71 MeV
γ  139.5  139.9

Uncorrelated Energy Spread ∆γ/ γ  0.18  0.16 %
Bunch Charge q 1000 170 pC
Peak Current Ipk 200 75 A

Normalized Emittance εn 2 0.7 mm mrad
FWHM Bunch Length LB 1500 680 µm

1D FEL Parameter ρ 85 80 10-4

3D Power Gain Length LG 0.180 0.185 m

3D Saturation Length Lsat 3.5 ~3.6 m
3D Peak Saturation Power Psat 59 7 MW



April 30, 2001 Heinz-Dieter Nuhn, SLAC / SSRL
email: nuhn@slac.stanford.edu

VISA Meeting, BNL Trajectory and Optics Control of the Electron Beam for VISA

Fitted ATF / VISA OpticsFitted ATF / VISA Optics
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ATF / VISA Beam Envelope MeasurementATF / VISA Beam Envelope Measurement
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VISA EnvelopesVISA Envelopes
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VISA Undulator OpticsVISA Undulator Optics
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VISA Matched FODO OpticsVISA Matched FODO Optics
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VISA Undulator Optics MatchingVISA Undulator Optics Matching
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ATF L/H-Line Profile Monitor ImagesATF L/H-Line Profile Monitor Images
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ATF F-Line Profile Monitor ImagesATF F-Line Profile Monitor Images
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• Beam Envelope Measurements worked very well for the
ATF beamline.

• No Beam Envelope Measurements obtained at the
operational parameters because of low charge.

• Measurements at high charges will result in larger
envelopes due to space charge related emittance increase.

• Solutions:
– Increase of system sensitivity for low charges

– Measurement of envelopes for entire beamline at large charge to
allow measurement of beam matching into undulator.

•• Beam Envelope Measurements worked very well for theBeam Envelope Measurements worked very well for the
ATF ATF beamlinebeamline..

•• No Beam Envelope Measurements obtained at theNo Beam Envelope Measurements obtained at the
operational parameters because of low charge.operational parameters because of low charge.

•• Measurements at high charges will result in largerMeasurements at high charges will result in larger
envelopes due to space charge related envelopes due to space charge related emittance emittance increase.increase.

•• Solutions:Solutions:
–– Increase of system sensitivity for low chargesIncrease of system sensitivity for low charges

–– Measurement of envelopes for entire Measurement of envelopes for entire beamline beamline at large charge toat large charge to
allow measurement of beam matching into undulator.allow measurement of beam matching into undulator.

Beam Envelope MeasurementsBeam Envelope Measurements
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• Beam steering through the center of the ATF linac and the
ATF H-Line and F-Line quadrupoles essential for system
performance and has been achieved.

• Beam straightness tolerance in the undulator of
50 µm RMS has not yet been verified.

• Main problem is the observed shot-to-shot beam motion at
amplitudes of more than 100 µm, dependent on monitor.

• It is presently understood that the source of the motion is
found in the system dispersion.

•• Beam steering through the center of the ATF Beam steering through the center of the ATF linac linac and theand the
ATF H-Line and F-Line ATF H-Line and F-Line quadrupoles quadrupoles essential for systemessential for system
performance and has been achieved.performance and has been achieved.

•• Beam straightness tolerance in the undulator ofBeam straightness tolerance in the undulator of
50 50 µµm RMS has not yet been verified.m RMS has not yet been verified.

•• Main problem is the observed shot-to-shot beam motion atMain problem is the observed shot-to-shot beam motion at
amplitudes of more than 100 amplitudes of more than 100 µµm, dependent on monitor.m, dependent on monitor.

•• It is presently understood that the source of the motion isIt is presently understood that the source of the motion is
found in the system dispersion.found in the system dispersion.

Trajectory ControlTrajectory Control
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Dispersion MeasurementDispersion Measurement
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Second Order DispersionSecond Order Dispersion
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Gun Emittance Working PointGun Emittance Working Point
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ATF Bunch Length MeasurementATF Bunch Length Measurement
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ATF Bunch Length Measurement ResultsATF Bunch Length Measurement Results

7RWDO�&KDUJH�����S&7RWDO�&KDUJH�����S& 7RWDO�&KDUJH�����S&7RWDO�&KDUJH�����S&



April 30, 2001 Heinz-Dieter Nuhn, SLAC / SSRL
email: nuhn@slac.stanford.edu

VISA Meeting, BNL Trajectory and Optics Control of the Electron Beam for VISA

Bunch CompressionBunch Compression
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ATF Bunch Length and Bunch CompressionATF Bunch Length and Bunch Compression
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• VISA was successful in achieving large gain and showing
evidence of saturation.

• The results are important for the LCLS.

• The real benefit for the LCLS comes form a precise
analysis of  the sources properties and the comparison with
FEL theory.

• Important Electron Beam Parameters could not yet been
sufficiently verified.
– Peak Current at the Undulator Entrance

– Electron Trajectory in the Undulator

– Optics Matching

•• VISA was successful in achieving large gain and showingVISA was successful in achieving large gain and showing
evidence of saturation.evidence of saturation.

•• The results are important for the LCLS.The results are important for the LCLS.

•• The real benefit for the LCLS comes form a preciseThe real benefit for the LCLS comes form a precise
analysis of  the sources properties and the comparison withanalysis of  the sources properties and the comparison with
FEL theory.FEL theory.

•• Important Electron Beam Parameters could not yet beenImportant Electron Beam Parameters could not yet been
sufficiently verified.sufficiently verified.
–– Peak Current at the Undulator EntrancePeak Current at the Undulator Entrance

–– Electron Trajectory in the UndulatorElectron Trajectory in the Undulator

–– Optics MatchingOptics Matching

SummarySummary


