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SPARC_LAB facility
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Plasma acceleration experiments
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Two-bunches configuration produced directly at the cathode with 

laser-comb techniquewith a time-separation of approximately 1 ps

Beam configuration @ plasma entrance

COMB Driver Witness

Q (pC) 200 20

t (fs) 200 30

E (MeV) 89.5 89.1

Ɑ╔ (MeV) 0.2 0.2

ʎ (µm) 20 14

Ⱡὀȟὁ (µm) 2.5, 1.7 1.4, 1.2
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FEL simulations (3D time-dependent)
Set of 100 independent runs with GENESIS 1.3

Ábeam microscopic distribution randomly changed shot-to-shot
Åjitters of beam macroscopic parameters included (10% on

bunchcharge,length,energy,energyspreadandemittance)

PMQs triplet: 
Catches the beam 

Removes high divergence

Quads triplet: 
6 m matching stage
‍  ḙ άά->m

UNDs + 5 short EM quads:
Vertical focusing

Horizontal matching
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FEL experiments



Demonstration of high-quality PWFA acceleration able to drive a FEL

FEL driven by PWFA

15 m FEL beamline
Å ὒ = 2.5 m (77 periods)
Å ‗ = 2.8 cm
Å K = 1.4

×Witness is completely characterized
×Jitter online monitored with Electro-Optical 
Sampling (EOS) diagnostics
× Imaging spectrometer with iCCDused for detection

2ͯ00 MV/m @ ρȢφ ρπὧά  plasma density

E (MeV) 94 Q (pC) 20

Ɑ╔ (MeV) 0.3 t (fs) 30

Ⱡὀȟὁ (µm) 2.7,1.3 Ɑ●ȟ◐ (µm) 200

Witness @ 
FEL entrance
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ütens of mJ converted to UV and sent on the photo-cathode to generate the 
driver and witness bunches; 

ülow energy (hundreds of nJ) line used both to 

    drive the EOS diagnostics and as seed laser.

VNaturally synchronized 
VTunable energy (~10 nJused)

Laser propagation and 1% laser energy jitters included 
in the simulations

Seed pulse

˂ όƴƳύ797  3

BW Ɑⱦ (nm) 7  1

╔╛ (nJ) 24.2  0.2

ʐ╛ (fs, rms)  250

ʎ╛(µm) > 500

Ti:Sa delivering Ғ100 fs long pulses @10 HzPhotocathode Laser Ą 
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Seeded FEL driven by PWFA - seed laser



Same detection setup used 
ND filter @ 6th photodiode was changed for 

larger intensity signals

VDuration increased from 
~100 fs to 600 fs (fwhm)

VFocused at the entrance of 
1st undulator

ÅA small magnetic chicane (4 dipoles in 5.75 m, Ὑ -ͯ10 
m˃) displaces the beam ( 2ͯ mm kick)

ÅA 15 cm glass material stretches the pulse inducing a 
group-delay-dispersion of about 187 ὪίȾάά

ÅTwo motorized in-vacuum high-reflective mirrors for 
laser injection

ÅA motorized delay-line tunes the laser-electron delay.
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Seeded FEL driven by PWFA - seeding stage



ÅThe red dashedline shows the
Gaussianfit of the theoretical
data centered @826.6 nm;
ÅThe green circle shows the

prediction of the energygain of
the FEL seeded with our
experimental parameters.

FEL energy gain with varying 

seed laser wavelength

UNDs tuned for FEL
radiation@827nm
Ҧ ǿŀǾŜƭŜƴƎǘƘ ǎƘƛŦǘ

Seeded FEL driven by PWFA - lasing condition
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üFEL radiation output largely 
stabilized by the seed laser

VCentered @8277 nm 
with 4.5 1.2 nm BW

Seeded FEL driven by PWFA - performances
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SASE Seeded

V ‗Ғ унс± 9 nm, 4.7± 1.1nm BW
V 27± 5 % shot-to-shot 

reproducibility

V ‗Ғ унт± 7 nm, 4.5± 1.2nm BW
V 89± 3 % shot-to-shot 

reproducibility

Experimental 
single-shot 
spectrum

Theoretical 
single-shot 
spectrum

Seeded vs SASE FEL driven by PWFA
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laser

laser



~1 µJ

(Seeded)

~30 nJ

(SASE)

V 17% pulse energy fluctuations  
(RMS) over the successful shots

V Gain length ὒ = 1.1  0.1 m

V 6% pulse energy fluctuations  
(RMS) over the successful shots
V Gain length ὒ = 1.03  0.1 m
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Seeded vs SASE FEL driven by PWFA - exp. gain



ÅThe two proof-of-principle FEL experiments done @SPARC_LAB show that 

PWFA is a viable solution for FELs 

V Theoretical analysis and experimental results indicate that an off-resonant     

              laser beam with respect to the FEL resonance can seed the FEL process

V         The amplified and stabilized FEL radiation is centered at the undulator        

              resonance due to the ultra-short bunch length

V TheFELǇǳƭǎŜǎΩstabilitycouldonlybe further improvedby reducingelectron

beamfluctuationsrelatedto the plasmaformationandaccelerationprocess

ÅFundamental steps toward the future EuPRAXIAplasma-based facility for user-
oriented applications

Conclusions
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Thank you for your kind attention!

On behalf of the SPARC_LAB collaboration

M. Opromolla (INFN-LNF)
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M. GallettiEuroNNAc Special Topics Workshop

RF technology

Plasma technology

From R. Assmann(3rd EAAC Workshop, 2017)
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Standard vs Plasma accelerators


