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A multipass hydrogen Raman shifter for the generation
of broadband multifrequencies
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A four-pass cell was employed for the multifrequency parametric Raman generation in gaseous
hydrogen. More than 18 rotational-vibrational Raman lines from 450 to 830 nm were generated
using an 80-mJ, 3-ns pump pulse at a wavelength of 532 nm. The output spectrum broadening was
observed by increasing the number of passes of the pump pulse through the Raman @02 ©
American Institute of Physics[DOI: 10.1063/1.1468686

Multifrequency parametric Raman generatitMPRG) radiation in the middle of the cell at each pass\/four plate
by using rotational Raman scattering in gaseous hydrogen is set at the entrance of the Raman shifter for pump radiation
currently a rather well researched phenomehbti.has been  polarization tuning.
showr?= that the broadband frequency comb generated by The 532 nm beam from @-switched linearly polarized
parametric Raman scattering can cover the whole visible reNd:YAG laser(Tempest-20, repetition rate, 20 Haith 3-5
gion. The comb frequency separation is 587 ¢nwhich  ns pulse width was used for pumping the hydrogen Raman
corresponds to the pure rotational Raman transitio8,01 ) shifter. The pulse energy varied from 10 to 80 mJ. An un-
in orthohydrogen. stable resonator of this laser employs a radially variable out-
Among the optical schemes used for MPRG, the broadput mirror, in order to provide a uniform spatial beam profile
est output spectrum with the maximum number of Ramarwith the diameter of 3 mm. The time-integrated output spec-
lines was observed when the double-cell configuration wagrum of the beam from the hydrogen Raman shifter was ob-
used® In this scheme, the powerful first Stokes component igained using a spectrometécean Optics: USB 2000
generated with a high efficiency in the first cell using circu- It is knowrP? that the number of spectral components of
larly polarized laser radiation. Circular polarization is used ina parametric beam from a hydrogen Raman shifter with fixed
order to eliminate the parametric coupling of Stokes compopump beam parameters and hydrogen pressure is dependent
nents and to provide the laser energy conversion to only then the polarization of the pump radiation. To achieve the
first Stokes component. The polarization of the Stokes radiabroadest output spectrum in our case, we tuned the laser
tion is then changed to the linear mode and the Stokes beapplarization by rotating tha/4 plate. The experimental re-
is combined with the pump beam. By focusing this dual-sults which are presented below, were obtained at a laser
wavelength beam in the second cell, MPRG is observed. Ipolarization corresponding to the maximum number of Ra-
has been fourftf that the intensity of the first Stokes com- man components generated during four passes of laser pulse
ponent should be close to that of the pump to achieve thérough the cell.
maximum number of parametrically generated Raman lines. The evolution of the multiline Raman spectrum along
Although MPRG is a quite simple technique for expand-the path into the cell was examined and the results are shown
ing the capability of commercial lasers, the necessity of twdn Figs. 2 and 3. It can be seen that, after the first pass, the
cells results in a complicated optical scheme. Therefore, it ipump radiation is converted to only the first rotational Stokes
desirable to employ a one-cell scheme. In this article, wecomponent with a wavelength of 549 nffigs. 2a and
present some findings of MPRG, which involves the use of &(@]. The energy conversion efficiency approaches 50%.
one-cell multipass Raman shifter. Such a high conversion efficiency to the first Stokes compo-
The layout of the experimental apparatus is shown in
Fig. 1. The multipass hydrogen Raman shifter is constructed
of stainless steel with fused silica windows, fused silica Lens
prisms, and planoconvex lenses. The cell, which has a length Raman S
of 60 cm and a diameter of 2 cm is set between the prisms L Cell
. . .. ens
which are used to provide the four passes of laser radiation
through the cell. The prism separation is 1 m. Two lenses Input A /4 Plate Prism
with focal lengths of 50 cm are employed to focus the laser Beam

dpermanent address: Division of Quantum Radiophysics, P. N. Lebedev Output Prism
Physical Institute, Leninsky Prospekt, 53, 119991 Moscow, Russia. Beam

YAuthor to whom all correspondence should be addressed:; electronic mail:
imasaka@cstf.kyushu-u.ac.jp FIG. 1. Optical scheme for a Raman shifter.
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FIG. 2. Radiation spectra of a multicolor laser beam from a Raman shifteFIG. 3. Radiation spectra of a multicolor laser beam from a Raman shifter
obtained after one pass of pump beam through the(agltwo passegb), obtained after one pass of pump beam through the(agltwo passesgb),

and four passe&). Pump—pulse energy is 80 mJ. Hydrogen pressure is 1.5and four passe&). Pump—pulse energy is 80 mJ. Hydrogen pressure is 2
atm. atm.

nent is usually observed in the case of the circular polariza- (@)
tion of pump radiatiol because of the absence of Stokes— ’%
anti-Stokes parametric coupling in this regime of scattering: 8
the parametric coupling suppresses the Stokes wave amplifi- <
cation. After the first backward reflection by the prism, the 5
polarization of the pump radiation and the first rotational £
Stokes component is changed. This permits the effective U
parametric Raman generation of higher-order Stokes and : : :
anti-Stokes components by the dual wavelength resonance @
excitation of the Raman medium during subsequent passes 2
[Figs. ab), 2(c) 3(b), and 3c)].*® It should be noted that we £
observed broadenin@n increasing number of Raman com- ::
ponent$ in the double-pass radiation spectrum after the next 2
two passesFigs. 2 and R After the fourth pass, the number E
of Raman components is approximately 1.5 times more than qb .
that after second pass, which constitutes an important merit =
of the multipass optical scheme. -
The influence of the pump—pulse energy on the output t
spectrum is shown in Figs. 4 andc2 The maximum num- £
ber of pure rotational Raman components was observed at a >
pressure of 1.5 atm and a pump—pulse energy of 70—-80 mJ £
and was about 8—10 lines at the level of 0.1 to maximum £ JJ LU]
intensity. The Raman lines cover the spectral range from 480 ~ . ’

to 650 nm. Decreasing the pulse energy to 40 mJ results in
narrowing the output spectrum to 5-6 lines.

At a hydmgen pressure of more than 2 atm, the 1EIrStFIG. 4. Radiation spectra of a multicolor laser beam from a Raman shifter
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vibrational Raman component with a Stokes shift of 4155yptained after four passes at pump—pulse energy of 2Camd0 mJ(b),

cm ! appeargFigs. 3b) and 3c)]. This is caused by the and 60 mJc). Hydrogen pressure is 1.5 atm.
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enhancement of the vibrational scattering Raman gain and a One of the authorgL.L.L.) is grateful to the Venture
decrease in the vibrational Stokes—anti-Stokes parametriBusiness Laboratory of Kyushu University for travel and
coupling® The vibrational—rotational Raman components atresidence expenses in Kyushu University. This work was
a pump—pulse energy of 80 mJ occupies the spectral rangaipported by Grants-in-Aid for Scientific Research from the
from 450 to 830 nnfFig. 3(c)]. The number of components Ministry of Education, Science, Sports, and Culture of Japan.
is approximately 18.

We have also estimated the entire multicolor beam diver-
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