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High precision spectroscopy has been always the driving force for new fundamental theories in
physics. The so called proton size problem is a so far unexplained disagreement of the value of the
proton charge radius extracted from the muonic spectroscopy, hydrogen spectroscopy and elastic
electron-proton scattering by more than 5 sigma [1]. Recently two new experiments intensified
this puzzle [2], [3].

For the first time we present a high precision measurement in hydrogen on the 1s3s(F=1) per-
formed with Direct Frequency Comb Spectroscopy (DFCS [4]), with an uncertainty sufficient
to contribute to the Proton Size Puzzle. Systematic frequency shifts observed with DFCS differ
significantly from previous measurements which utilize CW lasers and in particular from the pre-
vious 1s3s (F=1) measurement, allowing for the first time comparison of two different groups on
the same transition for the proton size puzzle.

In our experiment we excite a cryogenic hydrogen atomic beam with a picosecond frequency
comb. The UV frequency comb at 205nm is produced by quadrupling a TiSa comb at 820nm by
two subsequent frequency doubling stages. While two-photon transitions are in principle Doppler
free in first order, residual Doppler shift associated with chirped pulses is observed and constitutes
our leading systematic. Other significant systematics are Second Order Doppler Effect, collisional
shift and AC/DC Stark Effects. We present experimental determination of these systematics and
comparison with the theory.
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