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Near future SPARC layout



Summer installations



Progress towards high brightness beams



Water pipes re-welding and VB temperature stabilization

Now temperature
stability is 0.2 deg



g. gatti





m. bellaveglia & a. gallo

11 MW - 125 MV/m - 5.8 MeV





•Time jitter relative to the main RF  clock (PLLs ON)

–Linac RF devices phase noise (standard phase

detection): 40÷100 fsRMS

–Photo-cathode LAM measured time jitter (resonant

Laser Arrival Monitor): <250fsRMS

–e-bunch time jitter

•BAM (resonant Bunch Arrival Monitor): <250fsRMS

•RF deflector centroid jitter (image analysis): <150fsRMS

•Laser amplitude stability (from new timing)

–Laser amplification timing locked to machine trigger

–Amplitude jitter always <5%



c. ronsivalle & a. mostacci

On Crest



90% 0.52



Experiments with
Velocity Bunching



Velocity bunching concept (RF Compressor)

If the beam  injected in a long accelerating

structure at the crossing field phase and it is

slightly slower than the phase velocity of the

RF wave ,  it will slip back to phases where

the field is accelerating,  but at the same time

it will be chirped and compressed.
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Laser Comb technique



Laser Comb: beam echo generation of a train bunches

 

- P.O.Shea et al., Proc. of 2001 IEEE PAC, Chicago, USA (2001) p.704.

- M. Ferrario. M. Boscolo et al., Int. J. of Mod. Phys. B, 2006 (Taipei 05 Workshop)
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Overcompression



The technique used for this purpose relies on a birefringent crystal, where the

input pulse is decomposed in two orthogonally polarized pulses with a time

separation proportional to the crystal length.

The crystal thickness is 10.353 mm

2 laser pulses at the cathode by birefringent cristal







Using a high charge driving bunch to accelerate
a low charge witness bunch



Double FEL pulse
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Two Beams Spectrum
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Time overlap









4 pulses
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On Crest





Total projected emittance: 2.05
µm ( 1.08 µm )



Time Overlap





Total projected emittance: 5.72
µm ( 4.00 µm )



Overcompression





Total projected emittance: 5.68
µm ( 4.09 µm )



• Weak blowout regime with resonant amplification of plasma wave by a

train of high Brightness electron bunches produced by Laser Comb
technique ==> 5 GV/m with a train of 3 bunches, 100 pC/bunch, 50 µm long,

20 µm spot size, in a plasma of density 1022 e-/m3 at !p=300 µm ?

• Ramped bunch train configuration to enhance tranformer ratio?

• High quality bunch preservation during acceleration and transport?

• Strong blowout regime with pC/fs bunches ==> TV/m regime ?

Resonant plasma Oscillations by Multiple electron Bunches



Narrow band THz radiation



Martin-Puplett Interferometer



Interferogram

MeasuredExpected

Spectrum



FEL Single Spike
With Chirped Beam and Undulator Tapering



1.33 %  (0.7 MeV)  [-8.7 keV/µm]Energy spread

115 MeVAverage beam energy

2.7/3 µmTransv.  emittance

380 APeak current

0.42 psrms bunch length



Undulator

Resonance condition is a function of

Beam energy (chirp)  / Undulator K (untapered)

z

Radiation slips off resonance while 

propagating along the undulator

!"

Initial

resonance 

condition

"

Spectrum

Central Wavelength 540 nm

Average over 100 spectra
Energy 8 uJ (max 38 uJ)
Rel Linewidth 1.6% rmsS
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Wavelength range  40 nm

Chirped Beam Spectrum
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Chirp

Taper

Resonance is maintained by tuning the undulator taper

Compensation with Undulator taper



Average over 100 spectra:

Energy 140 uJ (max 380 uJ)

Rel Linewidth 0.8% rms

40 nm

Single Spike observed in many spectra

Average energy per pulse  18 times higher in a narrower bandwidth



Comparison with GENESIS 1.3 simulations



•Harmonic FEL cascade 400nm-200nm-100nm

• Amplification of harmonic generated in gas – generation & amplification of odd & even harmonics (Collaboration with

M.E. Couprie, M. Labat, F. Briquetz, Soleil – B. Carrè M. Bougeard CEA, G. Lambert, ENSTA)

• Continue study of saturation in seeded and SASE FEL amplifiers

• FROG diagnostic of FEL radiation in seeded and SASE mode (Collaboration with G. Marcus, J. Rosenzweig – UCLA)

• Diagnostic of transverse coherence (specle, wavefront monitor)





Comparison SPARC (2pulses) LCLS (1pulse)


