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High-brilliance, compact FEL based on 
innovative, next generation technologies
• High-rep rate photoinjectors -> high-flux, high-

brilliance
• X-band linac -> high energy and compactness
• Novel undulator concepts -> compactness

Compact Light

A. Latina | CompactLight @ LEDS 03/10/2023

The result is a facility feauting a 5.5 GeV X-band linac that drives two
FEL lines for soft and hard X-ray options.

The CDR is available online: https://zenodo.org/record/6375645

https://zenodo.org/record/6375645


LEDS 2023 – ENEA, Frascati

Enabling technology: X-band acceleration

A. Latina | CompactLight @ LEDS 4

• Very high-accelerating gradient to make 
compact facility - 100 MV/m accelerating 
gradient - 12 GHz - normal conducting

• Efficiency a design goal from the 
beginning

CLIC design study at CERN

1m long accelerator structure is sufficient for 
generating up to ~100 keV monochromatic X-
ray beams

03/10/2023
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X-band and high-gradient applications

A. Latina | CompactLight @ LEDS 5

Linear collider

Light sources - XFEL
Light sources - ICS sources

Medical applications Beam manipulationGeV-range research linacs

03/10/2023
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Estimated performance of CompactLight

A. Latina | CompactLight @ LEDS 603/10/2023
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Photon performance

A. Latina | CompactLight @ LEDS 703/10/2023


Foglio1

		

						Parameter		Unit		Soft x-ray FEL		Hard x-ray FEL

						Photon energy		keV		0.25 - 2.0		2.0 - 16.0

						Wavelength		nm		5.0 - 0.6		0.6 - 0.08

						Repetition rate		Hz		100 to 1000		100

						Pulse duration		fs		0.1 - 50

						Pulse energy		mJ		< 0.3

						Polarization				Variable - Selectable

						Two-pulse delay		fs		± 100

						Two-colour separation		%		20		10

						Synchronization		fs		< 10
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Linac operational parameters

A. Latina | CompactLight @ LEDS 803/10/2023

RF operational scenarios:
 B: dual mode (Baseline) 

 U1, U2: dual source (Upgrade 1 & 2)

Electron beam parameters at the undulator entrance (HXR)
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CompactLight baseline

A. Latina | CompactLight @ LEDS 903/10/2023
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CompactLight upgrades

A. Latina | CompactLight @ LEDS 1003/10/2023
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C-band Injector

A. Latina | CompactLight @ LEDS 1103/10/2023
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Start-to-end beam dynamics design

A. Latina | CompactLight @ LEDS 1203/10/2023
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The goal is the compression of a 75-pC bunch charge accelerated to 5.5 GeV, giving a peak current 
of about 5 kA. This corresponds to a rms bunch length 

σz = 15 fs ∙ c = 4.5 um

A two-stage compression system is used, with two bunch compressors: one between Linac0 and Linac1 
and one between Linac1 and Linac2.

BC1 uses the C-band Linac0 to accelerate the beam to 300 MeV and a Ka-band lineariser at 36 GHz
before a 4-dipole chicane.

BC2 uses the X-band Linac1 to accelerate the beam to 1.2 GeV and 4-dipole chicane. The correlated 
energy spread is later corrected in Linac2, balancing it off using wakefield effects and slightly off-crest 
RF acceleration.

Bunch compressors

A. Latina | CompactLight @ LEDS 1303/10/2023
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Bunch compression

A. Latina | CompactLight @ LEDS 1403/10/2023

(a) An RF stage of acceleration provides energy chirp and optionally acceleration ( C-band, 6 GHz )
(b) A high harmonic linearizer corrects for nonlinear correlations ( Ka-band, 36 GHz )
(c) A magnetic 4-dipole chicane completes the longitudinal phase-space rotation

RF acceleration
(off-crest)

Linearizer
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Bunch compressors

A. Latina | CompactLight @ LEDS 1503/10/2023

Requirements
- Compression factors between 10 and 20
- Minimise CSR effects (energy spread, emittance growth)
- Minimise chromatic effects
- Minimise space-charge-induced emittance growth (BC1)
- Achieve the target energy
- Minimizing nonlinear effects



Electron bunch at undulators entrance
FEL1 FEL2

03/10/2023 16A. Latina | CompactLight @ LEDS
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Undulator performance simulation

A. Latina | CompactLight @ LEDS 1703/10/2023

Pulse energy growth for HXR FEL operation using the nominal bunch. 

Saturation is achieved in less than 25 meters
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The micro-bunching instability (MBI) is a longitudinal, collective 
instability which occurs in electron beams during the operation with 
short bunches. In linacs, the microbunching instability is commonly 
studied in two regimes distinguished by the beam energy. 

Low energy: from the gun until the ultra-relativistic regime, where the 
current modulation for wavelengths smaller than the bunch length is 
reduced and a momentum modulation is generated.

High energy: where the current modulation is increased basically 
only in the bunch compressors (the beam is too rigid to increase the 
current modulation in drifts and cavities) and more momentum 
modulation is cumulated.

Microbunching instability

A. Latina | CompactLight @ LEDS 1803/10/2023

The complex dynamics during the instability lead to fluctuations in the emitted CSR as well as in the bunch length and 
energy spread and therefore also the horizontal bunch size.

[Figure] S. Bettoni, B. Beutner, V. Goryashko, Microbunching instability studies in SwissFEL, IPAC2012
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The microbunching instability is expected to start at the photoinjector, from a 
density modulation caused by shot noise in the photoinjector’s laser temporal 
profile and cathode imperfections, then the current modulation for wavelengths 
smaller than the bunch length is reduced and a momentum modulation is 
generated.

As the beam travel towards the RF structures, this time modulation couples with the 
longitudinal space-charge force, and the longitudinal modulation becomes energy 
modulation.

At higher beam energy, microbunching occurs also in the bunch compressors' 
chicanes, due to CSR-induced effect, which also causes emittance growth in the 
transverse plane, and is further amplified by the bunch length compression.

It cabe be reduced by clever design, or by introducing a laser heater.

Sources of microbunching instability

A. Latina | CompactLight @ LEDS 1903/10/2023

Longitudinal laser profile measured at the 
SwissFEL Injector Test Facility (SITF)

[1] C.-Y. Tsai, S. Di Mitri, D. Douglas, R. Li, and C. Tennant, Conditions for coherent-synchrotron-radiation-induced microbunching 
suppression in multibend beam transport or recirculation arcs, PRAB 20, 024401 (2017)
[2] S. Bettoni, B. Beutner, V. Goryashko, Microbunching instability studies in SwissFEL, IPAC2012 [figure]
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To control the MBI, Saldin et al. proposed the addition of a device commonly referred to as a ”laser heater”. This device 
adds a controlled amount of incoherent energy spread to the electron beam and suppresses further MBI growth via 
energy Landau damping. 

The laser is a small portion of the 800 nm Ti:Sa photocathode laser, before it is upconverted to UV. Its pulse length lasts for 
20 ps FWHM, largely enough to cover the entire bunch length.

The undulator consists of eight 40 mm long periods and a peak field of 0.4 T. The vertical gap can be remotely changed to 
resonantly match the external laser wavelength for electron beam energies in the range 100−140MeV. 

The 4-dipole chicane has two objectives: (1) it allows the laser to be transversely aligned to the electron beam and 
perfectly overlapped with it; (2) it smears out the laser-induced energy modulation and transforms it into an uncorrelated 
energy spread. 

Laser heater

A. Latina | CompactLight @ LEDS 2003/10/2023

S. Di Mitri
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Seeding aspects

A. Latina | CompactLight @ LEDS 2103/10/2023

CompactLight Upgrade-2 includes self-seeding options for both the HXR and SXR beamlines. The generic method is that 
the FEL pulse is extracted at some point along the undulator line before saturation and filtered to reduce its spectral 
width, hence increasing its coherence length. 

The filtered pulse is then used as a seed and injected into the second section of the undulator line to be amplified to 
saturation. The method used to filter the pulse depends on the wavelength regime.

In the SXR, a compact grating monochromator is used. This replaces one undulator module:

In the HXR, a diamond crystal with the crystal orientation is adjusted such that a notch is taken out of the spectrum at 
the appropriate photon energy. 

In both cases, in a small chicane around the optical elements diverts the electron beam to overlap with the seed pulse 
in the second undulator section. The chicane also the effect of smearing out the FEL-induced MBI through long. 
dispersion.
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SXR and HXR Self-seeding simulations

A. Latina | CompactLight @ LEDS 2203/10/2023
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Peak brightness enhancement with Self-seeding

A. Latina | CompactLight @ LEDS 2303/10/2023

The electron bunch is an ideal Gaussian current profile with constant nominal slice parameters. 
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Summary of the estimated CompactLight 
performance in SASE and Self-seeded modes

A. Latina | CompactLight @ LEDS 2403/10/2023
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Summary and Conclusions

A. Latina | CompactLight @ LEDS 2503/10/2023

The CompactLight collaboration produced a 360-page long Conceptual Design Report, where the 

next generation of compact FEL is presented, based on novel technologies to design arguably the 

most advanced yet compact and cost-efficient FEL worldwide.

Unique features like two-colour operation, simultaneous SXR and HDR make it a unique facility.

MBI was taken into account by design, as well as self-seeding options to enhance the photon 

performance of CompactLight both in the soft- and in the hard- X-ray options.

The CDR is available online: https://zenodo.org/record/6375645 (now being published)

https://zenodo.org/record/6375645
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