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INTRODUCTION 

Ultrafast time-resolved spectroscopy is a powerful 
tool for the investigation of photophysical and 
photochemical processes occurring in molecules. For this 
purpose, the laser pulse in the experiment is required to 
have shorter duration than the time range of phenomena 
of interest like molecular vibrations and dynamics. So far, 
sub-10 fs visible pulse generated by non-collinear optical 
parametric amplifier (NOPA) has been already used for 
the research of real time spectroscopy in many molecules 
[1-3]. With the realization of sub 10 fs pulses in near 
infrared (NIR) and ultraviolet (UV) also be generated 
and used for pump probe experiment [4,5], it is 
interesting to extend it to deep ultraviolet (DUV, central 
wavelength around 270 nm) range. For DUV pulses, 
some research on spectroscopy had been reported by 
using third harmonic from the fundamental, but the pulse 
duration was hardly to compensate to less than 10 fs [6]. 
Even several sub 10 fs pulse generation has been 
reported [7,8], but still not well applied to the real time 
spectroscopy application yet. The difficulty is, when the 
DUV pulse transmitted in the air, the effect of group 
velocity dispersion (GVD) is much more severe than the 
visible case. This leads to substantial pulse broadening 
and introducing satellite pulses resulting in the distortion 
of the pump probe dynamics. In this report, a 
satellite-free clean and well-compressed sub 10 fs DUV 
pulse is demonstrated especially for the ultrafast 
spectroscopy application.  

EXPERIMENTAL 

To pursue a suitable DUV pulse for ultrafast 
spectroscopy, in this report, a chirped-pulse four-wave 
mixing method (CFWM) was demonstrated [9]. System 
scheme is shown in Fig.1, the Ti: Sapphire laser source is 
Spitfire Ace from Spectra Physics. A near UV (NUV) 
pulse is first generated by second harmonic (SH) of part 
of energy from fundamental pulse, which is negatively 
chirped by a double-passed grating pairs. Another 

fundamental pulse is focused into a hollow core fiber 
filled with krypton gas to obtain broadband 
supercontinuum in NIR. Then the positively chirped NIR 
pulse and NUV pulse are spatially and temporally 
overlapped into another hollow core fiber filled with 
argon gas. In this second hollow fiber, by CFWM 
processing, a broadband and negative chirp DUV pulse is 
generated.  

Fig. 1. Sub-10 fs DUV laser system schematic. BS, beam 
splitter; PS, beam pointing stabilizer; PD, beam pointing 

detector; G, grating; PM, chirp mirror; CM, concave 
mirror, DM, dichroic mirror. 

PERFORMENCE 

With the effect of GVD in the air, a clean and 
well-compressed DUV pulse could be obtained at a 
certain distance just after this second hollow fiber. After 
the collimation of the output beam, the NIR and NUV 
pulses are carefully eliminated by four dichroic mirrors 
step by step. Finally, a 300-nJ DUV output pulse is 
obtained, with duration of 9.6 fs measured by SD-FROG 
with a 0.2-mm thickness CaF2 as the medium. The 
spectrum and pulse duration status is shown in Fig.2. For 
the spectroscopy application based on the pump-probe 
experiment, the long-time stability of the intensity of 
laser spectrum perform a significant importance to obtain 
reliable data. However, the stability of laser pulse energy 
and spectrum after the hollow fiber is often not good 



enough to be used in real-time spectroscopy experiment 
[10]. It is because that the fluctuations of laser beam 
pointing before the hollow fiber induce substantial 
variations in the pulse duration, spectrum, and energy of 
the output pulse. Especially in this work, as two hollow 
fibers are used, the stability situation become even worse. 
To maintain a stable DUV pulse output, three beam 
pointing stabilizers are used for each input beam before it 
was focused into the hollow fiber. As shown in the top 
left of Fig.2, after the stabilization, the DUV laser output 
is improved to 1.04% RMS being measured within about 
30 minutes, which is suitable for spectroscopy research. 

Fig. 2. Sub-10 fs DUV laser pulse status. 

ULTRAFAST SPECTROSCOPY 

With the ultra-short DUV pulses, interesting study 
can be done on certain biological samples, such as the 
DNA. In DNA molecules, the most noteworthy part are 
bases, which have strong ground-state absorption in 
200-300 nm range with an ultrashort lifetime shorter 
than 100 fs. Our DUV laser is powerful to clarify the 
dynamics in such systems. To prevent sample damage, a 
sandwich type assembled flow cell is used with 0.2 mm 
sample thickness. A 0.3 mm thickness CaF2 plate is used 
as the front window for the cell. The pulse is carefully 
pre-compensated to maintain the duration shorter than 
10 fs after the front window of the cell. The absorbed 
probe beam is collected by multimode fiber and 
connected to the detect system. A combined system with 
a polychromator and multi-channel lock-in amplifiers 
(MLA) is used for the detection. The wavelength 
dependent absorbance change of the sample can be 
simultaneously acquired in 128 channels. 

Fig. 3. Two dimensional absorbance difference of uracil 
in aqueous solution. 

Here we show some experimental results made for 
uracil. Two-dimensional difference absorption spectrum 
of uracil aqueous solution are shown in Fig.3. The 
spectral resolution is 0.3 nm, with the delay time step of 
0.2 fs. After the FFT processing, several strong vibration 
modes (317, 586, 781, and 1229 cm-1) are observed in the 
FT spectra calculated for delay time range of 100 ~ 1800 
fs, as shown in Fig.4. These modes are also found in the 
resonance Raman spectrum with some frequency 
differences in some of the modes [11]. Detailed analysis 
of vibrational dynamics was made, which is to be 
discussed. 

Fig. 4. Two-dimensional FFT power spectra of uracil. 
FFT power spectrum probe at 263 nm is plotted in the 

right column. 
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