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Why SlippageWhy Slippage--dominant Superradiant FELs?dominant Superradiant FELs?
SASE FELSASE FEL

 Large Statistic fluctuationsLarge Statistic fluctuations

SP Seeded FELSP Seeded FEL

cohT
 Poor temporal coherencePoor temporal coherence

 Many applications requiring improved temporal coherenceMany applications requiring improved temporal coherence
 Certain applications preferring spectral tunabilityCertain applications preferring spectral tunability

LP Seeded FELLP Seeded FEL

 Certain applications preferring spectral tunabilityCertain applications preferring spectral tunability
 Seeding with external laser pulse: Seeding with external laser pulse: 

 steadysteady--state regime (long pulse (LP)) state regime (long pulse (LP)) 
 slippageslippage--dominant superradiant regimedominant superradiant regime (short pulse (SP))(short pulse (SP))

 BothBoth LP and LP and SPSP havehave BothBoth LP and LP and SPSP havehave
 Fully coherent FEL pulseFully coherent FEL pulse
 WellWell--defined timingdefined timing
 Less undulators to reach saturationLess undulators to reach saturation

 ExceptExcept ExceptExcept
 LP has no spectral tunability |LP has no spectral tunability ||| SP has spectral tunability within seed bandwidthSP has spectral tunability within seed bandwidth



Long pulse seeded FELLong pulse seeded FEL
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 Steady state ─ external seed covering entire e- bunch LSEED >> Le Steady state  external seed covering entire e bunch LSEED  Le-
 External seed initiating FEL process
 Coherent radiation at λseed amplified to saturation in a radiator
 No spectral tunability No spectral tunability



SlippageSlippage--dominant Superradiance FEL amplifierdominant Superradiance FEL amplifier
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 SlippageSlippage--dominant superradiance (dominant superradiance (SDSPSDSP) ─ ) ─ LLSEEDSEED ≈ ≈ LLcc (=(=λλrr//4πρ4πρ)<<)<<Le-;
LSEED <<L<<Lss (=(=λλrrNNrr). ). 

 External seed  provided by spectral overlap between External seed  provided by spectral overlap between ΔλΔλ andand ΔλΔλ  c coherently oherently  External seed, provided by spectral overlap between External seed, provided by spectral overlap between ΔλΔλSEEDSEED andand ΔλΔλrr, c, coherently oherently 
bunching electrons in the slippage regime bunching electrons in the slippage regime 

 Coherent radiation at SASE Coherent radiation at SASE λλrr..



PromisesPromises
NNrr=256=256
λu=3.89cm
PPseedseed=1MW=1MW

λr=716nm

ssee--=4.7ps=4.7ps
ssseedseed=6fs=6fs
δδEE=5%=5%
δδ   δδδδEE= = δ·ρδ·ρ
ρρ=3.1=3.1··1010--33

 In In SDSRSDSR regime, seed pulse moving at regime, seed pulse moving at vvgg≈≈cc
 Spectral tunability limited by Spectral tunability limited by ΔλΔλSEEDSEED. . As an example,As an example,

 PPseedseed=1MW,=1MW, 14 fs,14 fs, ΔλΔλSEEDSEED==75nm, coherent radiation 75nm, coherent radiation λλrr in the range 678 to 909nm, in the range 678 to 909nm, 
δδEE==±±7.3%.7.3%.

 ExperimentExperiment in SDLin SDL─ ─ PPseedseed=1=1--10MW,10MW, seed pulse seed pulse 140 fs,140 fs, ΔλΔλSEEDSEED==7.5nm, 7.5nm, λλSEEDSEED
==793.5nm, tuning range 778 to 809nm, 793.5nm, tuning range 778 to 809nm, δδEE==±±1%.1%.



SDSR FEL: Promises and limitationsSDSR FEL: Promises and limitations

 PromisesPromises
BunchingBunching ANDAND GainGainBunchingBunching ANDAND GainGain
Varying Varying EEee-- --> Tunable > Tunable λλrr

Transverse and longitudinal coherencesTransverse and longitudinal coherencesgg
 LimitationsLimitations
Spectral tuning range limited by Spectral tuning range limited by ΔλΔλSEED SEED (>>(>> ΔλΔλrr ))p g g yp g g y SEED SEED (( rr ))
FEL efficiency scaled by the slippage in a radiatorFEL efficiency scaled by the slippage in a radiator
Less effective in short Less effective in short λλrr regimeregime



SDSR FEL experiment at NSLS SDLSDSR FEL experiment at NSLS SDL

 ToTo--dodo--listlist
 Compress eCompress e-- bunch down to ~1ps (FWHM), at bunch down to ~1ps (FWHM), at EE≈101.75MeV, ≈101.75MeV, IIpeakpeak≈300A, ≈300A, εε ≈4.5µm≈4.5µm
 Compress seed pulse to Fourier transform limited 140fs (FWHM)Compress seed pulse to Fourier transform limited 140fs (FWHM)
 Overlap eOverlap e-- beam and seed laser transversely in the radiatorbeam and seed laser transversely in the radiator
 Scan delay stage to adjust laser timing until the seed enhanced FEL output is observedScan delay stage to adjust laser timing until the seed enhanced FEL output is observed
 FROG, Joule meter, SpectrometerFROG, Joule meter, Spectrometer

 What to measure?What to measure?
 The evolution of longitudinal phase space using FROGThe evolution of longitudinal phase space using FROG
 Output spectrum versus eOutput spectrum versus e-- beam energybeam energyp pp p gygy
 Pulse energy versus ePulse energy versus e-- beam energybeam energy



FROG data in good agreement with simulation FROG data in good agreement with simulation 
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Spectral signal Spectral signal δe=0.91%, ESEED=0.1µJ



Variation of FEL output with beam energyVariation of FEL output with beam energy
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SummarySummary

SlippageSlippage--dominant superradiance FEL verifieddominant superradiance FEL verified
Longitudinal coherence observedLongitudinal coherence observedLongitudinal coherence observedLongitudinal coherence observed
Spectral tunability within seed bandwidth verified Spectral tunability within seed bandwidth verified 
All the experimental observations well explained with All the experimental observations well explained with 

slippage superradiance theoryslippage superradiance theory
Ongoing work and future plan:Ongoing work and future plan:
Analytical calculation of bunching factor in broadband seed Analytical calculation of bunching factor in broadband seed 

case confirmed by Perseo simulation case confirmed by Perseo simulation ------ collaborate with collaborate with 
Luca GiannessiLuca GiannessiLuca GiannessiLuca Giannessi

Exploring short wavelength limitExploring short wavelength limit



FEL 1FEL 1--D theory explanationD theory explanation
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