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ObjectivesObjectives

�� Input from the last SPARX workshop:   Input from the last SPARX workshop:   

Wavelength range as close as possible Wavelength range as close as possible 
to the water window (to the water window (~ 2.5 ~ 2.5 –– 4.5 nm)4.5 nm)

�� Flexible design: Flexible design: 

SASE & Seeded configurationsSASE & Seeded configurations
–– Improve Improve coherence lengthcoherence length

–– Short pulsesShort pulses ((fsfs range)range)

–– Increase wavelength operation rangeIncrease wavelength operation range

…… and to the carbon windowand to the carbon window



ResourcesResources

�� Upgraded Upgraded DaDaФФne linac ne linac 
–– Beam energy 1 Beam energy 1 –– 1.5 1.5 GeVGeV (possible extensions to higher (possible extensions to higher 
energy)energy)

–– State of the art beam brightnessState of the art beam brightness

�� SPARC UndulatorSPARC Undulator
–– 6 sections 77 periods 2.8 cm6 sections 77 periods 2.8 cm



C. Ronsivalle –
C. Vaccarezza BD 11/4/2005

•Flat longitudinal current profile ~ 1kA

•Slice energy spread < 2 10-4

•Slice emittances < 1 mm-mrad

•Beam energy 1.25 GeV

ee--beam @ the UMbeam @ the UM

•Pulse Duration ~ 300µm ~ 1 ps



3 4 5 6 7 8 9 10
1

1.5

2

2.5

Wavelength (nm)

K

1.25 GeV







+=

2
1

2

2

2

KUM
FEL

γ

λ
λ

Resonance conditionResonance condition

SPARC Undulator 
λUM=2.8 cm – KMAX ~ 2.5

Large gain length

UM GAP Tuning

Reference:Reference: Beam Energy 1.25 GeV
Peak Current 1 kA
Slice energy spread < 2 10-4

Slice emittance < 1 mm-mrad

SPARC Undulator  SPARC Undulator  2.8 cm period2.8 cm period



2 4 6 8 10 12 14 16
1

1.5

2

2.5

Wavelength (nm)

K









+=

2
1

2

2

2

KUM
FEL

γ

λ
λ

Resonance conditionResonance condition

SPARC Undulator 
λUM=2.8 cm – KMAX ~ 2.5

1.5 GeV
1.5 kA

1.0 GeV
1.0 kA

Reference:Reference: Beam Energy 1.25 GeV
Peak Current 1 kA
Slice energy spread < 2 10-4

Slice emittance < 1 mm-mrad

Low Energy :  Low Energy :  1.0GeV & 1.0kA

High Energy :High Energy : 1.5GeV & 1.5kA

Wavelength tuning range  - 15 – 4 nm 

SPARC Undulator  SPARC Undulator  2.8 cm period2.8 cm period

Tuning range 3.5 – 15 nm



SASESASE



SASE & SASE & SpikesSpikes

� The radiation “slips” over the
electrons for a distance Nλ0

ζ

independent

processes

0N λSlippage length ≈



Perseo in 1D mode http://www.perseo.enea.itPerseo in 1D mode http://www.perseo.enea.it



M M longitudinal independent modeslongitudinal independent modes

CooperationCooperation lengthlength LLcc = = λλ/4/4πρπρ

Number of modes Number of modes M M ~ ~ LLcc/ / LLbb ((LLbb -- bunch length)bunch length)

ρρ ~~ 1010--33

λλ ~ 5 ~ 5 –– 10  nm10  nm

LLbb ~ 0.5 ~ 0.5 –– 1 1 psps

LLcc ~ 100 ~ 100 λλ

Shot to shot fluctuations ~ 1/Shot to shot fluctuations ~ 1/√√M M ≈≈ 5%5%



Saturation of different slicesSaturation of different slices
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Transverse planeTransverse plane

GENESIS 1.3 – Averaged over long. slices at 33 m

SASE - transverse profile  @ 4.5 nm  (far field)
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SASE SASE –– PerformancesPerformances
Simulations made with GENESIS 1.3 + Perseo for the high order harmonics
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SpectrumSpectrum

SASE Spectrum @ 4.5 nm – 33m

σrms
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BrightnessBrightness
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SEEDING & Harmonic Gen.SEEDING & Harmonic Gen.

Seed Source
UM1 UM2

λλresres λλresres/n/n



Seed SourcesSeed Sources

�� 33°° harm of Ti:Sa 260 (harm of Ti:Sa 260 (→→ 180 nm) + multiple 180 nm) + multiple 
stages cascadestages cascade

�� HHG in gas + cascadeHHG in gas + cascade
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Can be used as :Can be used as :

••a a subsub--harmonic modulatorharmonic modulator for the SPARC undulator at large K (seeding)for the SPARC undulator at large K (seeding)

••an an additional undulator to increase the SPARC UM lengthadditional undulator to increase the SPARC UM length at small K (SASE)at small K (SASE)

Seed Source UM1 UM2

λλresres λλresres/n/n

SPARC UM



Ne (after Ne (after matchingmatching toto the the ee--beambeam) ) 

λλ ~ 13.5 nm~ 13.5 nm

E ~ 2 E ~ 2 nJnJ

P P ~~ 35  35  kWkW

δδt t ~ 50 ~ 50 fsfs ~ 6 ~ 6 µµmm

UM1 MOD.

λλuu = 4.2 cm= 4.2 cm

K = 3K = 3

5 UM 5 UM 

48 periods each48 periods each

λλresres ~ 13.5 nm~ 13.5 nm

Seeding with Seeding with NeNe @ 13.5 nm@ 13.5 nm

UM2 (SPARC)

λλuu = 2.8 cm= 2.8 cm

K = 1.887K = 1.887

2 UM  77 periods each2 UM  77 periods each

λλresres ~ 4.5 nm~ 4.5 nm

X 3

UM3 (SPARC)

λλuu = 2.8 cm= 2.8 cm

K = 0.88K = 0.88

4 UM  77 periods each4 UM  77 periods each

λλresres ~ 2.26 nm~ 2.26 nm

X 2
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Slice en. spread < 2 10-4
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EnergyEnergy 4 4 µµJJ

N N phph.. 5x105x101010

LinewidthLinewidth 3 x 103 x 10--44

Coher.len.Coher.len. 5 5 µµmm



ArAr

λλ ~ 30 nm~ 30 nm

E ~ 0.4 E ~ 0.4 µµJ J 

P P ~~ 8  MW8  MW

δδt t ~ 50 ~ 50 fsfs ~ 6 ~ 6 µµmm

100 50 0 50 100
0

0.5

1

λλ ~ 30 nm~ 30 nm

EEff ==ηηmmEEii~ 0.6 ~ 0.6 nJnJ

PPff ~~ 3  3  kWkW

ccδδttff ~ 60 ~ 60 µµmm

Monochromator

ηm = 0.08 x 0.5 x 0.25 x δti/δtf

UM2 (SPARC)UM1

λλuu = 4.2 cm= 4.2 cm

K = 3.89K = 3.89

5 UM 5 UM 

48 periods each48 periods each

λλresres ~ 30 nm~ 30 nm

λλuu = 2.8 cm= 2.8 cm

K = 1.51K = 1.51

6 UM 6 UM 

77 periods each77 periods each

λλresres ~ 5 nm ~ 5 nm (3.75 nm)(3.75 nm)

Seeding to increase longitudinal coherence: Seeding to increase longitudinal coherence: 

HHG in HHG in ArAr + + MonochromatorMonochromator

X 6 (X8)
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Very short pulse Very short pulse 

generationgeneration

Superradiance + Multiple stages cascaded FELSuperradiance + Multiple stages cascaded FEL

�� Simpler cascade schemeSimpler cascade scheme with many stages (no Fresh bunch required) with many stages (no Fresh bunch required) 

�� Reduced sensitivityReduced sensitivity to tolerances and fluctuationsto tolerances and fluctuations

�� Pulse shape determined by FEL dynamicsPulse shape determined by FEL dynamics

�� SubSub--fsfs pulsespulses



Ti:Sa 3Ti:Sa 3°° harmharm (after (after matchingmatching toto the the ee--beambeam) ) 

λλ ~ 266 nm~ 266 nm

E ~ 3.8 E ~ 3.8 µµJ J 

P P ~~ 225  MW225  MW

δδt t ~ 16 ~ 16 fsfs

Superradiant CascadeSuperradiant Cascade

UM1 MOD.

λλuu = 4.2 cm= 4.2 cm

K = 4.9K = 4.9

2x48 periods2x48 periods

λλresres ~ 35 nm~ 35 nm

X 8
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Peak Current         1.8 kA
Slice en. spread  < 1.3 10-4

Slice emittance   < 1 mm-mrad
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Undulator optics & saturation lengthUndulator optics & saturation length

�� SPARC Undulator sections 2.156 m + 40 cm gapsSPARC Undulator sections 2.156 m + 40 cm gaps
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Pointing StabilityPointing Stability
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ConclusionsConclusions

�� Several sample configurations have been Several sample configurations have been analysedanalysed
–– SASE in the range 3 SASE in the range 3 –– 15 nm15 nm
–– Seeded with cascade from Ne@13.5nmSeeded with cascade from Ne@13.5nm
–– Seeded with cascade from Ar@30nm+monocheromatorSeeded with cascade from Ar@30nm+monocheromator
–– Seeded in superradiant mode for very short pulsesSeeded in superradiant mode for very short pulses

�� This is a preliminary studyThis is a preliminary study
–– The linac configuration is still under study, The linac configuration is still under study, 
–– The simulations parameters have been only partially optimizedThe simulations parameters have been only partially optimized

�� The The experience @ SPARC in the UV experience @ SPARC in the UV –– VUV is fundamentalVUV is fundamental for for 
testing many of the ideas about seeding and cascaded FEL testing many of the ideas about seeding and cascaded FEL 
configurationsconfigurations
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