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Supplementary Figure 1│FEL pulse energy as a function of the modulator resonant wavelength. 

(a) Spectral analysis of the two-colour FEL emission using the FERMI in-line spectrometer. Data are 

shown as a function of the resonant wavelength defined by the modulator gap. (b) FEL pulse energy 

with only the pump (squares) or the probe (filled circles) laser seed. Normalizing the probe FEL 

energy curve to that of the pump by a multiplication factor (hollow circles) highlights the modulator 

setting that optimizes the emission at both FEL wavelengths. Data in panel (b) are similar to those of 

Fig. 2b, but collected during a later run with a different optimization of the machine parameters. In 

particular, the dispersive section magnetic field (R56 parameter) is stronger with respect to 

measurements shown in Fig. 2b, producing saturation for the on-resonance modulator setting. The 

simultaneous interaction with both seed pulses requires the modulator to be operated off-resonance 

and implies a loss in the seeding efficiency at both wavelengths. Operating with a stronger R56 (i.e., in 

over-bunching conditions with respect to optimal seeding) can compensate partly this loss, since the 

FEL response vs. the modulator gap differs from a typical Gaussian lineshape and can increase the 

effective bandwidth of the modulator, ensuring a better overlap of the emission at the two wavelengths 

(vertical green bar). The use of a stronger dispersion may be useful for optimizing configurations that 

require a spectral separation between the two seed pulses close to or beyond the modulator bandwidth.  
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Supplementary Figure 2│Varying the pump wavelength of the two-colour FEL source. Two-

colour spectra collected using the FERMI in-line spectrometer. The spectra illustrate examples of 

changing the pump wavelength by either tuning the Rad_2 pump radiator subsection to different 

harmonics or by changing the pump UV seeding wavelength λ
seed_2

 via the optical parametric 

amplifier. All data are reported on a consistent scale of arbitrary units. The probe seed wavelength is 

λ
seed_1

 = 261.5 nm and Rad_1 is set to harmonic h_14, generating the Ni-3p resonant λ
FEL_1

 = 18.7 nm 

FEL probe pulse. The pump FEL wavelength is varied by setting λ
seed_2

 to three different values (254, 

255 and 256 nm) and by changing the Rad_2 gap to resonate with harmonics h_10, h_11 and h_12.   

When Rad_2 is set to h_11, the pump is tuned to the Fe-3p resonance (23.1–23.4 nm range) while off 

resonance pumping is obtained by setting h_10 (~21.3 nm) and h_12 (~25.5 nm). The UV seed 

intensity is kept constant for all spectra and the FEL intensity variations reflect the efficiency of the 

two-colour process at different wavelength combinations.  
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Supplementary Figure 3│Different configurations of the two-colour FEL source. Two-colour 

spectra collected using the scattering setup described in the main text, after converting the CCD 

detector pixel number into FEL radiation wavelength. As in Supplementary Fig. 2, the spectra 

illustrate examples of changing the FEL wavelength by either tuning the radiator subsection to a 

different harmonic or by changing the UV seeding wavelength via the optical parametric amplifier. 

The FEL probe is delayed by 500 fs with respect to the pump. (a) Spectra obtained using λ
seed_1

 = 

261.5 nm and Rad_1 set to h_14 for the probe pulse. Using λ
seed_2

 = 257 nm, the pump FEL radiation is 

tuned to three different wavelengths by selecting h_10 (25.7 nm), h_11 (23.4 nm) and h_12 (21.4 nm) 

in Rad_2. (b) Finer tuning across the Fe-3p resonance is obtained by adjusting λ
seed_2

 (255 and 257 nm 

are shown) with Rad_2 set to h_11. In panels (a, b) the probe wavelength is fixed to the Ni-3p 

resonance (18.7 nm) and the pump is tuned either to the Fe-3p resonance (23.2–23.4 nm) or off-

resonance (21.4 and 25.7 nm). Panel (c) illustrates the reversed pump-probe wavelength scheme, with 

the one-module Rad_1 radiator sub-section set to the 11th harmonic of λseed_1 = 256 nm (Fe-3p 

resonance) and the five-module Rad_2 sub-section set to either the 14th (Ni-3p resonance) or 13th (off-

resonance) harmonic of λseed_2 = 261.5 nm. 

 

λ

λ

  λ

λ

λ

λ



 

Supplem

represen

resonate 

values sp

that can

forming 

radiator 

scheme. 

intensity

mentary Fig

nts the relati

 with their a

pan the 228 a

nnot be cove

diagonal lin

bandwidth 

Dark blue 

y that is only 

ure 4│Calcu

ve modulato

average value

and 262 nm 

ered by the 

nes identify (λ

and cannot 

areas corres

a few percen

ulated seedi

or efficiency

e. Calculatio

range. Black

FERMI FEL

λFEL_1 , λFEL_

be produced

pond to (λFE

nt of that obt

ing efficienc

y at λFEL_1 a

ons make use

k areas aroun

L source us

_2) couples w

d as two-co

EL_1 , λFEL_2)

tained with th

cy over the 1

and λFEL_2 w

e of radiator 

nd 45, 55 and

ing the λseed

whose corresp

olour FEL pu

) couples tha

he optimal m

12-88 nm ra

hen the mod

harmonics f

d 70 nm corr

d range give

ponding λseed 

ulses using 

at can be pr

modulator set

ange. The col

dulator gap 

from 3 to 18

respond to λF

en above. Bl

values are w

the propose

roduced, but

tting.  

lour code 

is set to 

 and λseed 

FEL values 

lack dots 

within the 

ed source 

t with an 


