Anahita Omoumi 
email: anahita.omoumi@universite-paris-saclay.fr
  
Michele Natile 
  
Evangelos Papalazarou 
  
Yoann Zaouter 
  
Thierry Auguste 
  
Marc Hanna 
  
Patrick Georges 
  
Marino Marsi 
  
Pulsewidth-switchable ultrafast source at 114 nm

come    

to generate photoelectrons largely determine the performances 12 of any tr-ARPES experiment. For instance, the achievable time used as probe in tr-ARPES [2] but it can detect only electronic 22 states in the proximity of the Gamma point. In order to access 23 the whole Brillouin zone, higher energy photons are necessary.

24

Besides synchrotron and free-electron laser facilities, with lim-25 ited access, tabletop sources based on frequency up-conversion 26 of ultrafast lasers in the near infrared have been developed for 27 this purpose. Depending on the up-conversion mechanism, 28 these can be classified in two categories. First, some sources 29 are based on non-perturbative high-harmonic generation (HHG) 30 [3,4], which allows access to the EUV range in a single step, 31 often with limited photon flux and spectral resolution. Sec-32 ond, multiple stages of perturbative nonlinear processes can be 33 performed to access the VUV range [5,6], first in crystals for 34 wavelengths above ∼200 nm, then in gases. The technology shift 35 from titanium-doped sapphire lasers to ytterbium-based lasers 36 has allowed an increase in repetition rate of these tabletop VUV 37 sources and triggered renewed interest to optimize them for tr-38 ARPES. In particular, cascaded frequency tripling of high power 39 laser systems at a central wavelength of ∼1 µm has been inves-40 tigated [7][8][9][10]. In these sources a first stage of third-harmonic 41 generation (THG) is performed using second-harmonic gener-42 ation (SHG) and sum-frequency generation (SFG) in nonlinear 43 crystals. This is followed by a second THG stage in a rare gas or 44 gas mixture which is a third-order perturbative nonlinear effect

∆k = Ω c [(n 3ω -n ω ) + (n 2X -n 2S ) I ω ] + 2 z R + 4e 2 n e Ωm e ϵ 0 c , (1) 
where Ω = 3ω is the angular frequency of the third harmonic, density at the peak of the pulse is given by [16] 92

n e = 1 4 n 0 σ 3 I 3 ω π 3 ln 2 ∆t, (2) 
where n 0 is the initial atomic density, and ∆t is the Full Width at Half Maximum (FWHM) pulsewidth. The three-photon ionization cross-section of xenon σ 3 ≈ 1.2 × 10 -39 (W.m -2 ) -3 .s -1 is found by fitting ionization rates calculated using the method described in [17] in the multiphoton regime. Substituting this expression in Eq. ( 1), and removing the SPM/XPM term, which is found to be negligible in our conditions (two orders of magnitude lower than the neutral atoms contribution for I ω = 10 13 W.cm -2 ), the phase mismatch can be written as

∆k = Ω c p Xe ∆N Xe + 2 z R + κ p Xe ∆tI 3 (3) κ = e 2 n L σ 3 Ωm e ϵ 0 c π 3 ln 2 ,
where n L is the Loschmidt constant, p Xe is the xenon pressure, 

I 3 ω = - 1 κ∆t Ω c ∆N Xe + 2 z R p Xe . ( 4 
)
The first term in the parenthesis, corresponding to the neutral 98 dispersion, is negative, while the second one, corresponding to 99 the Gouy phase, is positive. Gouy phase, defining a first horizontal asymptote.

104 z R p Xe = -2 c Ω∆N Xe . (5) 
As the intensity increases, the PM pressure increases because 105 the neutral atoms dispersion must compensate for the ionization 106 contribution. At high intensity the neutral atoms dispersion con-107 tribution must be much higher than the Gouy phase contribution 108 to balance ionization, leading to a second vertical asymptote 109

I 3 ω = - 1 κ∆t Ω c ∆N Xe . ( 6 
)
The horizontal asymptote moves up to a higher pressure when 110 the waist radius is decreased, and the vertical asymptote is 111 shifted to a higher intensity when reducing the pulse duration.
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As in the case of HHG [15], shorter pulsewidths allow the possi- designed so that, if the input pulses are FTL, it compresses them down to 100 fs [18,19], while if they are negatively stretched 144 to 3 ps, it compresses the spectrum down to the FTL limit [20]. 
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 13 photon flux of the source, and the accessible momentum space 17

  81 n ω and n 3ω are the refractive indices at the fundamental and 82 third harmonic wavelengths, c is the speed of light, z R is the 83 Rayleigh range, I ω is the intensity of the fundamental, n 2X is 84 the nonlinear index associated with XPM from the fundamental 85 onto the third harmonic, n 2S is the nonlinear index governing 86 SPM of the fundamental, e, m e , and n e are the electron charge, 87 mass, and density, and ϵ 0 is the vacuum permittivity. At 343 88 nm, for intensities below 5 × 10 13 W/cm 2 in xenon, ionization 89 is well approximated by a three-photon process. Assuming a 90 low ionization fraction and a Gaussian pulse profile, the electron91
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  the refractive indices have been written as n ω,3ω = 1 + p Xe N ω,3ω 94 to bring forward their linear pressure dependence, and ∆N Xe = 95 N 3ω -N ω ≈ -3.7 × 10 -4 bar -1 . Setting ∆k = 0 allows us to 96 find a relationship between the PM pressure and the intensity 97

Figure 1

 1 illustrates this relationship 100 at a driving wavelength of 343 nm in xenon for three focusing 101 conditions and pulse durations. When ionization is negligible 102 (I → 0), we recover the balance between neutral dispersion and 103
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 12 Fig. 1. PM pressure as a function of intensity of the driving pulse at 343 nm in the Xe cell. Left: different waist radii at fixed 500 fs pulse duration. Right: different pulse durations at fixed waist radius of 10 µm.
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  figuration[21] inside which a 5 mm-thick AR-coated fused silica 153
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 34 Fig. 3. Left: measured spectra at 1030 nm. Right: measured autocorrelation traces at 1030 nm.
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 43573 Fig.4(left) shows that the PM gas pressure also increases for 203
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 6 Fig. 6. Estimated photon flux at 114 nm as a function of input power at 343 nm for each pulse duration.
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