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Vacuum-Ultraviolet Generation Using
Electromagnetic-Field-Induced Transparency

Harris, Field, and Imamoglu' (HFI) have demon-
strated how the transparency induced by the electromag-
netic field can be used to enhance the efficiency of non-
linear generation in the scheme shown in Fig. 1. They
found that in the limit of very large Rabi frequencies
compared to the Doppler width, the efficiency factor

mr1 =y (@4, 05,0)Imy Vo, + 0+ o) (1)

is very large. In an earlier work? the present authors
(TA) had also considered the changes in the absorption
and dispersion characteristics of a medium due to an
external electromagnetic field, and had shown how this
can modify the characteristic of vacuum-ultraviolet
(VUV) generation. In fact, it was predicted that VUV
generation was possible in regions where it was normally
forbidden and this was experimentally verified.> This
level scheme is also shown in Fig. 1. The purpose of this
Comment is to point out that the efficiency factor nta in
this scheme is comparable to nyr;, provided one uses the
two-photon resonance which has been used in Ref. 1, and
the Rabi frequency of the field used to create the tran-
sparency is much larger than the Doppler width. We
have shown analytically that the ratio nta/nur1, in the
limit of (a) large Rabi frequencies compared to the
Doppler width, (b) all decay rates of the off-diagonal
elements of the density matrix much smaller than the
Doppler width, and (c) a resonant situation, is

na/nur1 = To/Ta) (w, + wp + 0.+ o))/ (0, + 0p)]
Q)

where I'; and I'y are the two-photon and four-photon
linewidths. Thus the efficiencies in the two schemes are
comparable if the two linewidths, I'; and T4, are compa-
rable. Note that if Ty is negligibly small, then Imy
and ¥ are small, requiring much larger cell lengths or
pressures. The general result for arbitrary values of the
linewidths and Rabi frequencies is shown in Fig. 1. It is
clear from this figure that either scheme can be used for
enhancing the efficiency of VUV generation.

Even for the homogeneously broadened case we find
from the analytical results of Refs. 1 and 2 that nta/
nuri=1, for large Rabi frequencies and for the on-
resonance situation of the HFI and TA schemes shown
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FIG. 1. Efficiency as a function of the Rabi frequency of the
field used to create transparency for I';=I3;=0.01Awp. All
frequencies are in units of the Doppler width Awp of the VUV
transition. Inset: The two level schemes; I's is the homogene-
ous linewidth of the VUV transition.

in Fig. 1. The origin of the transparency in HFI (TA) is
due to the smallness of the two- (four-) photon reso-
nance linewidth. This leads to Imx“)OCI‘z (HFI) or I'y
(TA); x® 1 (HFID) or I'y/T; (TA). However, since the
optimum generation of VUV is determined by the ratio
1(3)/Imx('), the efficiency factors in the two schemes are
the same for the stated conditions of two-photon reso-
nance and for nonzero four-photon linewidth I'y.

One of us (G.S.A.) thanks S. Harris for discussions on
this subject.
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