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Bulk-Material Supercontinuum Generation for
Temporal Compression of Ultrafast Laser Pulses

Olga Resel, Hana Hampel, Daniel Hipp, Adrian Kirchner, Martin Schultze

For the generation of ultrashort laser pulses spectral broadening of the output of commercially available short-pulse laser sources is essential. This can
be achieved by nonlinear light - matter interaction. Here we studied self-phase modulation of a commercial Yb:KGW laser system (PHAROS from Light
Conversion) in fused silica. In a first step, the spectrum and the interferometric autocorrelation of the unfocused laser beam, propagating through fused
silica, were measured and analysed in contrast to measurements without fused silica in the beam path. The obtained spectra were compared to
numerical simulations of self-phase modulation with the experimental laser parameters as well as the Fourier transform of the initial spectrum as input.
Although dispersion was neglected in the computations, the results and the experimental observations are in excellent agreement. In a second step,
limits of self-phase modulation were explored by increasing beam intensities using a focused laser beam. The spectra and further the interferometric
autocorrelations of the broadened pulses were measured. At the limit of self-phase modulation, even a white light supercontinuum was observed. Based
on these measurements, it could be possible to achieve a 50% reduction of the pulse duration, if proper dispersion compensation can be implemented.

Laser Autocorrelator Laser 1F—without fused silica T ™ [initial pulse dufation: 161 fs " autocorrelation]
PHAROS ulseCheck NX 50 1028 nm, Autocorrelator L e durati il o ?
1028 nm, P 150 s, —fused silica | pulse duration with function data |
D2 1001200t —0.7558 - exp(— (A1t y2 fused silica: 193 fs ‘J‘ —Gaussian fit
6kHz, 6 W Spectrometer w Spectrometer RETRA | |
waveScan USB 5b—0.6671 - exp(— (21022)2) i |

mirro,
| shtter %’
| —shutter ’"‘""/'Hwor /] iror

reflective neutral

intensity /arb. unit
1)
o

—— ;eef:‘e;:\yva;eru\ral position ——ensity filter 0 L X
980 1000 1020 1040 1060 -0.6 -0.4 -0.2 0 0.2 0.4
<j\ mirror wavelength A /nm time /ps
mirror Y wedge glass
fused silica v = T T —r T T T T T T T
| fens 1 Jens 2 [ em offfocus glass thickniess: 10 mm ] glass thickness! 10 mm —7 cm of focus
= —7.8 cm of focus frep = 200 kHz Lfrep = 200 kHz —7.8 cm of focus
£ |—without fused silica P =6 W P =6 W 13.0 cm of focus
q —16.8 cm of focus
os5f 1 L —33 cm of focus |
; —without glass
2
3
E 0 r . r r 2 0 L L
800 850 900 950 1000 1050 1000 1010 1020 1030 1040 1050 1060
wavelength A /nm wavelength A /nm
1) dA = I(f) df [ pulse duration:' 173 fs " autotorrelation] pulse duration: 148 5 " Tatocorreltion
Smooth I(1) - I(f) E(f) without glass function data slc=0 function data |
1=— [ frep = 100 kHz —Gaussian fit —QGaussian fit
=7 | o =6 W
zero padding IFFT |7 (E@®)|?
E(f) E(t) 1(6) ) . . . ]
equidistant f . . ) -400 -200 0 200 400
i i S i fs
time time /ps time /'
construction E 7| pulde duration:™223 %7 autotorrelation] [pulte duration: 148 fs " autocorrelation]
- L glass thickness: 10 mm f\mltﬂ(.m dz.ltzl | C =0.60 function data |
f N . N . Lot N . N 1 E 2 ;'2;1;: «l)(f)éuli;; —Gaussian fit —Gaussian fit
Af,N —t=(-5+1,--+1..,-1,01..,.--1,5) - ——F= I P ) r |
2 2 2) e Rt S N N
] | B 1
3
£k i
= L L L L L 1 L L I L L L
-0.4 -0.2 0 0.2 -300 -200 -100 O 100 200 300
time /ps time /fs
2 7[pulse diration: 278 f5 attocorrelation] [ pulfe durabion: 118 5 " autecorrelation]
- 5 glass thickness: 10 mm function data 1 C =075 function data |
£ 9T 11 em of focus Gaussian fit —Gaussian fit
1 21T El m ° aussia
1® lo=CPawi— pO)=———ny-L-leu(®) I et 124 1
A 0 z av = |
rep z 1 A
g
3
£k i
=6W __1® = 2 W, s e,
Pav Iy () = [1(0) dt Iy 4o 1037(;;1m2 1 06 04 02 0 02 04 300 -200 -100 O 100 200 300
f;-ep = 6kHz n, = 2.19-10 m<W time /ps time /fs
A=m-r*= L =75mm [ : _ _ e . _ —
—initial () @5 —initial () Al
= 20.6 mmz experimentally C=0.63 experimentally C=0.60
[~ broadened [~ broadened
— . : computationally 1 computationally 1
Espu(8) = E(2) - exp(igp (1)) S [broadened S [broadened
2 —
FFT |1 1) dA = I(fHdf
2 0 L E 0 L
Espm(f) Ispm(f) Ispy (1) 1000 1020 1040 1060 1000 1020 1040 1060
wavelength /nm wavelength /nm

Iautocnrr (T)

R e T T ™ e T T 7
. =) [—initial — f—initial —() 7E
fori € (1,2, N) S fortet 3 experimentally G=0:10 experimentally G=0:15
£ ["broadened | broadened
_ 212 El computationally] i computationall; i
Lautocorr(T) = f [[Espm(6) + Espy (t — T)1%]° dt 293 ["broadened 3 [“broadened
£

1000 1020 1040 1060 1000 1020 1040 1060
wavelength /nm wavelength /nm



