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1. EXPERIMENTAL SETUP A detailed schematic of the TAS beamline is presented in Fig. S1. The IR pulses obtained from the BiB3O6-based optical parametric chirped-pulse amplifier (1.6 µm, 10 fs, 1.5 mJ, 1 kHz) are split into pump and probe arms by a beam splitter. The pump and probe arms contain 10% and 90% of the total pulse energy, respectively. In the probe arm, the IR pulses are focused by a lens (f = 50 cm) into a semi-infinite helium gas cell (2.4 bar) to generate SX HHs. A two-stage differential pumping system after the gas cell using two dry pumps (500 l/min.) reduces the gas pressure in the subsequent vacuum chambers in the beamline. The SX pulses are passed through an aluminium filter (150 nm) to remove the fundamental IR component and focused into an NO gas cell (0.1 bar, 1.5 mm thick) by a toroidal mirror (4f = 2 m). The SX pulse 

duration is estimated to be ~200 as by SFA calculation. The pump IR pulses are recombined with the probe SX pulses by a hole-drilled mirror and collinearly focused into the NO gas cell by a lens (f = 25 cm). The IR intensity is estimated to be ~1×1014 W/cm2. The delay between the SX and IR pulses is scanned by a piezo stage. In the attosecond TAS measurement (Fig. 2 in the main text), the delay is controlled to a precision of ~30 as with a feedback system using a HeNe laser which propagates collinearly with the SX and IR pulses [S1]. The SX spectra are recorded by a spectrometer consisting of a slit (50 µm), a flat-field grating (Shimadzu, 2400 l/mm), and a back-illuminated X-ray CCD camera (Andor, Newton SO). The photon flux at 400 eV at the CCD is ~80 photons/s/eV. 
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