GENERATION OF NEARLY TRANSFORM-LIMITED
SUBNANOSECOND LIGHT PULSES BY LONG CAVITY
DYE LASER N

By
J. HEBLING, ZS. BOR, B. RACZ, B. NEMET and I. SANTA

Institute of Experimental Physics, Attila Jozsef University, Szeged

( Received November 1. 1980)

A long cavity dye-laser-amplifier systein for generating single subnanosecond light pulses was
investigated. The pumping light source was a TEA nitrogen laser with duration of 1 ns. The duration
of the pulses obtained of the dye-laser-amplifier system was 155 ps. The spectral bandwidth was
narrower than 0.01 nm. The spectrum band was modulated with a period equal to the FSR of a
Fabry—Perot interferometer of 3.8 ¢m spacing. In the dye laser the optical pathlength between the
wall of the oscillator cell and the output coupler was equal to this spacing.

From the point of view of spectroscopic applicability, lasers producing light
" pulses with short duration and narrow bandwidth are preferable. The simultaneous
reduction of duration and bandwidth are limited by the Fourier-transform-limit.
Up to now, subnanosecond transform-limited light pulses were generated only by
mode-locked lasers and distributed feedback lasers. Recently, it, has been reported
by several authors [1,2, 3] that nitrogen-laser-pumped dye lasers can generate sub-
nanosecond transform-limited light pulse. The time behaviour of these long-cavity
dye lasers are also described [4, 5] by a time-space dependent model. It is interesting
to note that in [1, 2, 6] the authors did not distinguish their method from relaxation
oscillations, and they used long cavity in order to get narrow linewidth. The-effect
of cavity length was made clear in [3]. Table I lists the results achieved by long cavity
dye lasers. _

Fig. 1 shows the experimental arrangement. The pumping source was a TEA
nitrogen laser with 250 kW output power and 1 ns pulse-duration. The UV light
was divided by a beamsplitter and focussed on to the oscillator and amplifier cell

" by cylindrical lenses. The application of an amplifier was necessary, because we were
_not able to produce single pulses with the dye laser. Therefore, with the aid of the
amplifier a single pulse was selected from the cavity round-trip-time modulated
pulse train. The pumping of the amplifier cell was delayed so (with 2 ns) that the
amplifier amplified only the first pulse of the pulse train. The oscillator and amplifier
cell was a 1 cm long silica cell, tilted by about 15°. The laser and amplifier dye was
- Rhodamin 6G 3-1073mol/l in ethanol. The output'coupler was a 2 mm thick
uncoated planparallel glass flat. The distance between the output coupler and the
centre of the oscillator cell was 2.7 cm. Lens 1 with a 25 cm focal length was‘at a
distance of 25 cm from the dye cell, and so it reduced the divergence of the light
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Table 1

Generation of subnanosecond narrow-band laser pulses in nitrogen-laser-pumped dye lesers
( The values in brackets are valid in case of single shot)

_ Time~ /
Authors :;:’t?oiu(]::) ?:riis:; 1():;1;«: bandwidth / Transform
product / limit
S. A. Borgstrom {6] 4 1 20
R. Wyatt [1] 3 0,6 6 (2,4
G. Veith—A. J. Schmidt [2] 0,6 0,04 3,6*
B. Racz et al. [3] 7 0,55 3
The present work 1 0,15 3 ()

* The above value was calculated by us from the described pulse-duration and linewidth
data in [2], but these data may probably not been obtained simultaneously because from Fig.
2 of [2] a larger product than 5 can be calculated for this value.
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Fig. 1. The long cavity dye laser-amplifier arrangement

coming from the oscillator cell output coupler system to .
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“where a=0.02 cm is the absorption depth of the dye. .

Two prism were used as beam expander (X 10). The diffraction grating. was
1300 lines/mm operating as grating expander with the angle of incidence a=67.5°
and a=78°, respectively. With the above data from the Eq. (7) of [7] the resultant
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passive bandwidth 64=0.012 nm and §.=0.006 nm, respectively. The light of the-
dye laser was focussed by lens 2 (f=10 cm) on the amplifier cell.

The duration of the amplified pulses was measured by one of the usual non--
linear optical correlation techniques, using SHG with collinear, identically polarized
beams [8] in a phase-matched ADP-crystal. The SH signal was measured and aver--
aged by a LP—20 laser photometer. Assuming a Gaussian pulse shape, a pulse
duration of (155 +25) ps and (228 3:16) ps could be deduced from the measurements.
of the autocorrelation function if x=67.5° and «=78°, respectively.

The linewidth of the pulses was measured by a Fabry—Perot etalon of 8 mm
spacing. 6A=0.010 nm and 64 =0.006 nm linewidths were obtained by taking photo--
graphs from an interference pattern of 20 pulses if « =67.5° and o =78°, respectively.
These linewidths well correspond to the above-calculated passive linewidths. The-
measured time-bandwidth product is 3.1 and 2.9 times the Fourier-transform-limit
for a Gaussian pulse. Some of the interference pattern of a single pulse showed
a single narrow spectrum line, and the other part of the interference pattern showed
a double spectrum line. The linewidth of the single spectrum line was 0.003 nm if”
both ¢=67.5° and a=78°. This linewidth value was the transform-limit-pair of
155 ps, and 1.4 times the transform-limit-pair of 228 ps. The frequency difference-
of the two lines, of the double spectrum line was equal to the FSR of a Fabry—Perot .
interferometer of 3.8 cm spacing. In the dye laser the optical pathlength between.
the left wall of the oscillator cell and the output coupler was equal to this spacing..
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Fig. 2. Experimental arrangement for the measurement of the spectral modulation
of the light of the dye cell-output coupler system .

We demonstrated that this agreement is no accident using the arrangement:
shown in Fig. 2. The grating and prism were removed and the light of the dye-cell-
output-coupler system was focussed by lens 1 (f;=25cm) and lens 2 (f,=10 cm)-
on the entrance slit of DFS—8 spectrograph. The DFS—S8 spectrograph had
0.6 nm/mm reciprocal linear dispersion, and was used as a monochromator. The-
entrance and exit slitwidths were 100 um. The output of the monochromator was.
analysed by a Fabry—Perot etalon having a 5 mm spacer. The interference pattern.
of 800 shots was photographed by a camera having an objective with a focal length
of 250 mm. Fig. 3 shows the results of the measurements, where dpp is the spacing.
of such a Fabry—Perot interferometer, having an FSR equal to that calculated

from the interference pattern, and dg is the — geometrically determined ~— optical.
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pathlength between the left wall of the dye cell and the right side of the output
.coupler. Fig. 3 demonstrates that the difference of measured results from the solid
line, expressing that dgp and dg are equal, is smaller than the limit of error. Conse-
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Fig. 3. The distance between the left wall

-of the cell and the right side of the output

.coupler measured by Fabry—Perot analy-
ser versus calculated distance

quently, the light of the long-cavity dye-
laser observed spectrum-line structure is
attributable to interference phenomena pro-
duced between the wall of the dye cell and
the output coupler. On the basis of this, the
spectral evolution of our dye laser can be
explained as follows: In consequence of
the interference phenomena, the Fabry—
Perot lines modulated light beam is propa-
gated into the direction of the spectral sel-
ective system. From these lines several are
selected and fed back to the spectral selective
system. Between the FSR of Fabry—Perot
“interferometer” Avggy and the selectivity of
the spectral selective system Advgg, obtained
the followingrelation: Avggg < Avgg <3 » AVgsz.
This inequality is valid for the measured
value,. too.
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TEHEPAIIUSI TPAHC®OPM-JIMMUTAIIMOHHBIX UMITYJIILCOB
C CYBHAHOCEKYHIHOW [JIUTEJbHOCTEIO U3JIVUEHUA
JIIMHOPE3OHATOPHOI'O JIAZEPA HA KPACUTEIJIE

H. Xe6aunz, XK. bop, b. Pay, 5. Hemem u H. Mlanma

ViccnenoBan MIMHOPE3OHATOPEBIA Ja3ep-yCHIMTEL HA KDACHTENE C NEbIO TIeHEPAIHH
‘HMIIYNbCOB € CyOHAHOCEKYHOHOM AMMTEIbHOCTHI0. BO30yKORIOMmii cBeT GBI MOMYYEH H3 ja3epa
“Ha aTMOochEpPHOM a30Te C MOMEePEeYHbIM Pa3psAOM IIHTEILHOCTIO 1 HC. JINATEAEHOCTD HMITYIHCOB
TEHEPUPOBAHHMXCSA M3 JIa3ep-yCrimTesa Ha KpacuTene G6eul 155 nc. CHekTpanbHOE yIIHDEHHE HM-
nynbcoB 66110 Mensme vem 0,01 kM. Cnexrp GbL1 MOAY/MPOBAH NEPHOAOM HOCTOSHHOM 3TasIoHA
®dabpu—TIlepo, TommmmHoi 3, 8 cM. JUTHTEbHOCTD ONTHYECKOTO Iy TH B na3epe Ha KPaCHTENe MEXIY
CTEHOH M OKHOM OCLWJUISATOPA BbLIA PaBHA 3TOM TOJIIHAHE.



