
Asakura et al. Reply: In the Comment by Hoffmann et al.
[1], the authors pointed out the importance of the intrinsic
photodoping effect in YBa2Cu3Oy (YBCO). We agree with
Hoffmann et al. in that the intrinsic electronic and/or
chemical changes can be induced by laser illumination
and can provide transient and/or persistent photodoping
effects in YBCO.

First of all, in the study by Asakura et al. [2], a set of
photoemission measurements have been performed before,
during, and after laser illumination. Then this measurement
cycle has been repeated many times to check the repro-
ducibility of the energy shift. The important point of the
study by Asakura et al. is that the energy shift of the
photoemission spectra was observed only during the laser
illumination and that the energy shift disappeared imme-
diately after switching off the laser. Therefore, we can
easily exclude the possibility of the persistent photodoping
effect in YBCO itself. Since the laser illumination with the
power of 105 W per pulse is intense enough to immediately
cause the persistent change with the time scale of the pulse
width about 10 ns, the resultant (persistent) spectral change
has been completed at the first illumination of the first
measurement cycle. In the second or later measurement
cycles, the spectral shape was not affected by the laser
illumination and only the energy shift by the photocarrier
injection (PCI) effect was observed.

As for the transient photodoping effect in YBCO, the
chemical potential shift due to the photoinduced carrier
should be small compared to the observed energy shift due
to the PCI effect. In the case of chemical doping of other
related cuprate compounds, which are different from
YBCO, the chemical potential shift from the underdoped
antiferromagnetic sample to the optimally doped one is
less than 0.4 eV [3–6]. Chemical potential shift in cuprates
is common for all of the core levels except Cu 2p, and the
direction of the shift with increasing hole concentration is
to the lower energy side. On the other hand, the photo-
emission studies referred to in the Comment by Hoffmann
et al. [1] report chemical shift of a specific core level
(Cu 2p or Ba 4d) by chemical change at surface which
should be distinguished from the chemical potential shift.

In the measurement by Asakura et al., all of the core level
peaks including Cu 2p were shifted to the higher energy
side by the laser illumination, which is opposite to the
direction expected for the chemical potential shift upon
hole doping. Therefore, the observed energy shift of about
1 eV should be mainly due to the photovoltage generated
by the PCI effect at the interface. In conclusion, the energy
shift reported by Asakura et al. is related to the PCI effect
at the interface between YBCO and Nb-doped SrTiO3 and
that the photoinduced change of the YBCO film itself is
comparably small if it exists.
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