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Two-dimensional electronic spectroscopy (2DES) is a powerful spectroscopic technique for the study of
energy and charge flow in biological systems, which has been successfully applied in the visible and infrared
ranges. Its extension to the UV range (2DUV) is extremely promising for the study of biomolecules but poses
several technical challenges: (i) the requirement of phase-locked pulse pairs; (ii) generation of few-optical UV
pulses; (iii) dispersion management in the UV range. Here we present a 2DUV setup able to generate sub-20 fs
UV phase-locked pulses whose delay is controlled with stability better than A/350 [1].

Our 2D scheme adopts the partially collinear pump-probe geometry; the delayed UV pump pulses are
generated by sum-frequency generation (SFG) between a phase-locked, visible pulse pair and a narrowband
infrared beam (Fig. 1(a)). A non-collinear optical parametric amplifier (NOPA) produces 10-uJ, 6-fs-pulses in
the 520-740 nm range; their chirp is controlled by double-chirped mirrors (DCMs). Two delayed, phase-locked
replicas of the visible pulses are then generated by TWINS [2], a compact device consisting on a sequence of a-
barium borate birefringent wedges that allows to vary with extreme accuracy and up to 1 ps the delay between
the two replicas. The broadband visible replicas are subsequently upconverted to the UV range by SFG with a
fraction of the 800-nm source, in a broadband Type-II configuration in B-BBO [3]. To ensure uniform
upconversion at all delays of the visible pair, the 800-nm light is spectrally filtered with a 4-f shaper to obtain a
narrowband ~1 ps pulse. The UV spectral phase is controlled by acting on the visible pulses and by the
mechanism of indirect phase transfer offered by SFG (Fig. 1(b)): the temporal characterization, performed using
a modified scheme of the two-dimensional shearing spectral interferometry (2DSI) technique [4], revealed 16-fs
pulses in the range 320-360 nm. A sequence of single-shot interferograms acquired for 30 minutes showed that
the relative phases of the collinear UV pulse pairs fluctuates with rms of <18 mrad (A/350) over 30 minutes.

Finally, the setup was applied to the study of ultrafast internal conversion in pyrene, probing both in the
visible and UV ranges: at early times we observe two cross peaks at 465 nm and 580 nm, which are assigned to
the S; 55n and to the S, 55n photo-induced absorption. The cross peak at 580 nm decays with a time constant of
~100 fs, indicating the S2,51 conical intersection.
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Fig. 1 (a) Experimental setup for the generation of the UV pulse pair; (b) interference fringes from replicas of the visible (red) and UV
(blue) pulses; (c, d) 2DUV spectra of pyrene in methanol.
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