Opto-electronics 6 (1974) - Letter

Letter

Satellite picosecond pulses investigated
with an optical Kerr gate*

Since picosecond laser pulses are currently being
used to study ultrafast phenomena in liquids and
solids [1], it is extremely important to beware
that the picosecond laser pulse train emerging
from a Nd**: glass laser mode-locked and Q
switched by a saturable dye does not usually
consist of only pulses separated by the round
trip time of the laser cavity. Exiraneous satellite
pulses, whose temporal positions depend on the
relative position of the dye cell in the laser cavity,
appear persistently in the pulse train interlacing
with the main pulse [2]. Limited by the finite
response time of the combination of fast photo-
diode and fast oscilloscope, it is difficult to dis-
cern satellite pulses separated from the main
pulse by 0.5 ns in such a detecting system. An
apparently clean pulse train when the dye cell is
positioned near the end mirror of the laser cavity
still includes these satellites. The selection of
what is believed [3] to be a ‘single’ pulse by the
isolation of a 5 ns portion of the pulse train by a
Pockel shutter still may contain sateliite pulses.
Two photon fluorescence techniques 4] in
principle, can measure the pulse width and rela-
tive temporal positions of the picosecond satel-
lite pulses; however, systematic study of the
pulse train is inconvenienced by large spatial
dimensions required for the fluorescent dye cell
and photographic plates, We have employed the
ultrafast light gate techiique, first developed by
Duguay and Hansen [5], to systematically
investigate the temporal development of the
laser pulse train emitted from a linear mode-
locked Nd®*: glass laser cavity. As long as the
dye cell is separated from the mirror, satellite
pulses are always observed.

The laser oscillator consists ofa Nd** : glass rod
(#in x 74 in), whose ends are cuf at Brewster’s
angle and placed between two wedged reflec-
tors separated by an optical path of 0.9 m. A
Kodak dye cell with Kodak 9860 dye in dichloro-
ethane (1.5 mm thick, and 70% transmission at
1.06 pm) is placed near Brewster's angle between
the rod and a 100% reflector (1 m curvature and
4° wedge). The laser pulse is coupled out through
the 40% transmitting front mirror (flat, $°
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wedge) of the osciilator cavity, The frequency
doubled laser output is aligned collinearly with
the probing 1.06 pm beam at the optical gate,
a 1 em CS, ceil situated between crossed
polaroids. The gate has a signal-to-noise ratio of
~500, and transmits ~1.5% of the 0.53 pm
light when the gate is opened by a 0.5 GW, 0.5
cm diameter probing beam. The prompt response
curve of the gate has a full width at half height of
about 10 ps, which is a measure of the convoluted
width of the 1.06 um, 0.53 pm pulses, and the
response time of C8, molecules, which is about
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Figure 1 The normallzed {ransmitted light intensity
(arbitrary units) at 0,53 um versus the time delay of the
probing 1.06 pm beam. Each data point is the result of one
laser shot.

1.8 ps. As the probing beam is gradually delayed,
transmitted signals would appear at positions
T = £nty = £n(2yfc), where y is the distance
between the dye cell and the near mirror, ¢ is the
velocity of the light, and » =0,1,2,.... In
Fig. I, the transmission of 0.53 pm light, nor-
malized by the product of incident intensity of
0.53 pm light and the square of the intensity of
probing 1.06 pm beam, is plotted against the
delay of the probing beam for y = 3.5 cm, and
75 = 233 ps. Satellite signals at delay position
T = +1,, as well as the main pulse at ¢ = 0 are
observed, This observation implies the existence
of one satellite, since two groups of n1 pulses can
overlap at (2m -- 1) positions at 1 = s, and
1 =20,1, ..m — 1. The observed full width at
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half height of each pulse is about 10 ps. Occasion-
ally satellite signals at © = + 21, are observed,
but never at T = +37,. As the position of the
dye cell is varied, the positions of satellite signals
are observed to shift according to the relation
7 = +2nyfc. Assuming a constant ratio, k,
between the intensity of the satellite pulse and the
main pulse over the whole pulse train, the ratio of
the transmitted light signal at 1 = +7, and that
at t = 0 can be approximated by k*/(1 + &%).
Our data yields k = (54 + 8)%. A 15% variation
in the intensity of the satellite signal is also
observed for a given laser main pulse.

Our observations support the model that the
picosecond laser pulses develop from noise
pulses generated in the initial stage of the laser
action process. Each time the dye is bleached by
an intense fluctuation pulse a satellite pulse may
simultancously pass through the dye cell in the
opposite direction, thus leading or lagging the
main pulse by 2y/c [6]. Because the main and the
satellite pulses return to the dye cell once more
during the round trip within a linear laser cavity,
depending on the power content in the puises, a
sequence of secondary or higher order satellites
can be generated at position T = +2ny/e, where
n=1273,.... It should be noted here, in a
ring cavity [7], a pulse only passes through the
dye cell once in a complete trip; therefore, the
pulse train from such a cavity can be relatively
cleaner.

It is obvious that satellite pulses can become a
nuisance in the application of picosecond pulses
in time spectroscopy. In conclusion, in order to
eliminate the satellite pulses, dye in contact with
rear mirror [8], i.e. ¥ ~ 0, should be employed.
Or the dye cell should be placed in position such
that no satellite pulse would appear in the tem-
poral interval of interest.

*Supported in part by Cottrell Research Grant and by the
City University Faculty Award.
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