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OUTLINEOUTLINE

Picture taken at CEA during
preliminary tests of the SPARC 
HHG chamber, SEE Tcherbakoff 
et al., MOPPH047

Harmonic generation
Matching to the FEL

•Optically
•Numerically

SINGLE PASS FEL

FEL Amplification
(GENESIS 1.3)
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““Start Start toto end” SIMULATION end” SIMULATION fromfrom the FIELDS the FIELDS pointpoint of of viewview
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• Multi-cycle laser pulse

Train of
XUV “atto” pulses

TemporalTemporal--spectral structure of XUV spectral structure of XUV emissionemission

VC + exELsinωt

Initial state (t=0)2: Acceleration in the laser field

• “Three-step” model

Discrete
odd harmonics

Mairesse et al. SCIENCE (2003)

ELaser

1: Tunnel ionization (OFI)3: Recombination

XUV

~200as

Courtesy of Bertrand Carrè
40 35 30 25 20 15

0 ,01

0 ,1

1

10

C utoff

P lateau

65

25

 

 

λ  (nm )

Waterwindow [4.4 – 2.7nm]
He, order ~300

Chang et al. PRL (1997)
Spielmann et al. Science (1997)



SPARC FEL SPARC FEL seededseeded @114nm@114nm
Ideal Ideal FieldField: superposition of : superposition of GaussianGaussian distributionsdistributions shiftedshifted in z in z byby halfhalf of of 
the Ti:Sa the Ti:Sa wavelengthwavelength
1D 1D simulationsimulation (Perseo)(Perseo)




33--D Numerical propagation codeD Numerical propagation code
Single atom responseSingle atom response

⇒⇒ LewensteinLewenstein model generalized to non adiabatic effectsmodel generalized to non adiabatic effects
((M. Lewenstein et al., Phys. Rev. A  49, 2117 (1994))

⇒⇒ NonNon--linear dipole moment linear dipole moment xxNLNL(r,z,t(r,z,t))

Ionization effects and ground state depletionIonization effects and ground state depletion
⇒⇒ ADK model: free electron density ADK model: free electron density nnee(r,z,t(r,z,t))

Propagation of the fundamental field Propagation of the fundamental field EEff

Harmonic field EHarmonic field Ehh

Power spectrum of harmonic field EPower spectrum of harmonic field Ehh
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E. Priori et al., Phys. Rev. A  61, 63801 (2000)



HarmonicsHarmonics spectrumspectrum on on axisaxis

Output data Output data obtainedobtained withoutwithout the the SSlowlylowly VVaryingarying EEnvelopenvelope AApproximationpproximation ((SVEASVEA). ). 
In In orderorder toto loadload in GENESIS:in GENESIS:

FilterFilter in in bandwidthbandwidth aroundaround λλ00
MultiplyMultiply byby a a phasephase factorfactor expexp((--i2i2ππz/z/λλ00))
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800 nm FEL central wavelength λ0∼29.7 nm

FEL RESONANCE

Pulse duration 30 fs
Peak intensity 1014 W/cm2 

Waist w0 = 50μm 
Geometry 3mm before Ne gas jet, thickness T = 1 mm 

w0

T
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Field data

Phase vs. longitudinal coordinate along the e-bunch

“Slow” field
component
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TransverseTransverse matchingmatching
“average” field and phase at the waist

f = 0.25 m

UNDULATOR

2 m

0.267 m

Waist: 4m

“average” field and phase
at the undulator entrance



The FEL The FEL amplifieramplifier

Beam Energy (GeV) 1

Peak current (A) 1000

Energy Spread (%) 0.06

Emittance (mm-mrad) 1

Average βT (m) 6

Undulator period (cm) 4.2

K (peak) 2.97

Periods per section 58

Sections 7
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AluminiumAluminium 0.6 0.6 μμm,m, broadbandbroadband (45 (45 nmnm))

Pulse energy
50 nJ

Energy in 2ρ: 0.8 nJ
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ThresholdThreshold forfor overcomingovercoming shotshot noise*noise*
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*L. Giannessi in Proceedings FEL 2004, Trieste

•Derived in “ideal” conditions
•Checked with 1D simulations in Perseo
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250 250 nJnJ @ 27° @ 27° harmonicharmonic –– 29.7 29.7 nmnm

25 25 nJnJ @ 65° @ 65° harmonicharmonic : 12.3 : 12.3 nmnm



EnergyEnergy 100 100 nJnJ
BW 10 BW 10 nmnm
∼∼ 20 20 nJnJ in 2in 2ρρ



EnergyEnergy 100 100 nJnJ
BW 10 BW 10 nmnm
∼∼ 20 20 nJnJ in 2in 2ρρ




ConclusionsConclusions

SeedingSeeding fromfrom high high orderorder harmonicsharmonics generatedgenerated in in 
gasgas

GoodGood transversetransverse coherencecoherence propertiesproperties, no , no problemsproblems in in 
transversetransverse matchingmatching withwith the the ee--beambeam
PeculiarPeculiar longitudinallongitudinal distributiondistribution ((naturallynaturally filteredfiltered byby the the 
FEL gain FEL gain bandwidthbandwidth))
AdditionalAdditional frequencyfrequency filteringfiltering requiredrequired forfor increasingincreasing the the 
coherencecoherence lengthlength
EnergyEnergy sufficientsufficient toto seedseed anan FEL @30 FEL @30 nmnm, and , and probablyprobably
alsoalso @12nm (short @12nm (short pulsespulses))
SourceSource availableavailable down down toto the water window …the water window …
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