
Ethyl Violet transmission correlation. 

cited states. If the laser spectrum coherently spans the ex
cited states and the optical transition strengths are not 
equal, energy oscillates between the exicted states as the 
system evolves following photoexcitation. This is respon
sible for quantum beats, which have been observed previ
ously in picosecond experiments. Detailed calculations2 of 
the nonlinear optical response of this model have shown 
that quantum beats can be observed in a pump-probe con
figuration and that similar effects should be observed in a 
system with a single excited state and a ground state con
sisting of two levels. 

The exact nature of the molecular levels responsible for 
the beats is not certain. Since the time between collisions 
with solvent molecules is expected to be several hundred 
fs, the observed decay is expected to be a property of the 
isolated molecule. Raman and infrared spectroscopic stud
ies have shown that the molecules that were investigated 
possess vibrational modes at energies corresponding to the 
observed beat frequencies.3 This implies that the observed 
signal is due to beating between different excitations of the 
same vibrational mode. In this case the beat frequency is 
simply one of the normal modes of the molecule. Thus, 
these measurements constitute a time-resolved observation 
of molecular vibrational motion. 

These measurements represent the first observation of 
quantum beats with femtosecond resolution. The results 
suggest that it may be practical to determine vibrational 
spectra in time-domain experiments. As an example, simi
lar measurements of the relaxation of Nile Blue dye have 
revealed eight sinusoidal components with frequencies be
tween 2 THz and 11 THz. 

REFERENCES 

1. M. J. Rosker, F. W. Wise, and C. L. Tang, Phys. Rev. Lett. 57, 321 

30 OPTICS NEWS • D E C E M B E R 1987 

(1986); F. W. Wise, M. J. Rosker, and C. L. Tang, J. Chem. Phys. 86, 
2827 (1987). 

2. Masaharu Mitsunaga and C. L. Tang, Phys. Rev. A 35, 1720 (1987). 
3. J. Ha, H. Maris, W. Risen, J. Tauc, C. Thomsen, and Z. Vardeny, 

Phys. Rev. Lett. 57, 3302 (1986); K. A. Nelson and L. Williams, 
Phys. Rev. Lett. 58, 745(C) (1987). 

Ultrafast photorefractive effects 

ARTHUR L. SMIRL, K. BOHNERT, 
AND THOMAS F. BOGGESS 

CENTER FOR APPLIED QUANTUM ELECTRONICS 
NORTH TEXAS STATE UNIVERSITY 

DENTON, TEXAS 
AND 

GEORGE C . VALLEY, M . B. KLEIN, 
AND RUTH A N N MULLEN 

HUGHES RESEARCH LABORATORIES 
MALIBU, CALIF. 

R ecent work by collaborators at Hughes Research 
Laboratories and North Texas State University has 

demonstrated the photorefractive effect in GaAs at a 
wavelength of 1.06 µm using 43-ps pulses and in BaTiO 3 

at a wavelength of 0.53 µm using 30-ps pulses. 1 , 2 In un
doped semi-insulating GaAs, beam coupling gains up to 
10% were observed with fluences that ranged up to 10 
mj/cm 2, while in BaTiO 3 beam coupling was below the 
detection limits but modest diffraction efficiencies were 
observed in a three-pulse transient grating geometry. 

The photorefractive effect has acquired the reputation 
of being a relatively slow nonlinear optical process over 
the past 10 years. The main reasons for this are: (1) to 
obtain the optical energy per unit area required to write a 
strong grating, several seconds are often required with the 
irradiances typical of cw lasers (< 1 W/cm 2) and (2) most 
of the materials with large electro-optic coefficients (and 
hence large optical nonlinearities) are not optimized from 
the standpoint of charge transport and recombination. 
The physical processes required to obtain the photorefrac
tive effect—photoionization of charge carriers, drift and 
diffusion to obtain a charge separation and a space charge 
field, and modulation of the refractive index through the 
electro-optic effect—have limiting time constants, howev
er, that are less than a picosecond. 

The relative size of the photorefractive effect in GaAs 
and BaTiO 3 for picosecond pulses contrasts sharply with 
the situation using cw radiation. For cw excitation, the 
gain coefficients obtained in GaAs (< 0.5 c m - 1 are rather 
modest compared to the large beam coupling gains 
(~10cm _ 1 ) observed in BaT iO 3 ; while for picosecond ex
citation, the photorefractive index changes measured in 
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GaAs are more than an order of magnitude larger than 
those observed in BaTiO 3 . The most important reason for 
this turn-about is that the mobility of GaAs is more than 
6000 times larger than that of BaTiO 3 . Diffusion times in 
GaAs are roughly 5 ps compared to 30 ns in BaTiO 3 for 
grating spacings on the order of a micron. This means that 
the photoionized charge carriers in GaAs have ample time 
to diffuse a grating period during a 43 ps pulse, while in 
BaTiO 3 , they diffuse only a small fraction of a grating peri
od. Worse for BaTiO 3 , the recombination time in BaTiO 3 

appears to be less than 100 ps, while in undoped semi
insulating GaAs this time is about 30 ns. Thus the residual 
grating formed after the picosecond pulses end is much 
smaller in BaTiO 3 . 
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T here is a continuing need for lasers capable of gener
ating femtosecond optical pulses for application to 

investigations of ultrafast phenomena in chemistry, phys
ics, biology, electronics, and communications. The most 
common source of these pulses is the passively mode-
locked cw dye laser,1 which may be either continuously or 
synchronously pumped. From the inception of femtosec
ond spectroscopy1 in 1981 until very recently, such lasers 
operated almost exclusively using a single pair of dyes— 
Rhodamine 6G and DODCI—as the gain medium and the 
saturable absorber, respectively. This restricted direct fem
tosecond generation to the 600-635 nm spectral region. 
However, rapid progress has been made during the past 
year in extending the wavelength coverage of these sys
tems, by the identification and use of a variety of novel 
gain/saturable absorber dye combinations. Much of the 
pioneering work in this area has been conducted by re
searchers at Imperial College, London, where the cw Ar

gon ion-pumped systems have been demonstrated to oper
ate almost continuously across the spectral range 490 to 
780 nm, 2 , 3 yielding pulses as short as 80 fs. In particular, 
these femtosecond cw mode-locked dye lasers are current
ly unique in the blue-green portion of the spectrum (490 to 
550 nm) for which there is no suitable high power syn
chronous pump source. Extension into the near infrared, 
however, is limited by the severe restrictions placed on the 
gain dye selection by the pulse formation process in the 
cw-pumped systems. 

The synchronously-pumped passively mode-locked la
sers, on the other hand, allow a much wider variety of 
gain dyes to be used, particularly the styryl and pyridine 
dyes for efficient near infrared operation. The extension of 
these systems to new wavelengths has been investigated 
primarily at North Texas State University and Hughes Re
search Laboratories, A T & T Bell Laboratories, and the 
Technical University of Munich, Federal Republic of Ger
many. Operation has been demonstrated near 850 nm 4 

and 800 nm 5 and now across the spectral range 560 to 
975 n m 6 , 7 under frequency-doubled cw mode-locked N d : 
Y A G laser pumping. The pulses generated in the latter sys
tem have been reported to be as short as 55 fs.8 

These new sources allow direct femtosecond generation 
over an extended wavelength range, greatly increasing the 
versatility of ultrafast spectroscopic techniques. In addi
tion, their wavelengths may be chosen to correspond, ei
ther directly or by nonlinear frequency-shifting processes 
(e.g., second harmonic generation), to the gain spectra of a 
wide variety of amplification media, e.g., krypton fluoride, 
alexandrite, and titanium sapphire. This offers the oppor
tunity to generate high power ultrashort pulses at novel 
wavelengths with applications in areas such as x-ray laser 
development, multiphoton excitation studies, high-order 
harmonic generation, and short-pulse continuum genera
tion in gases. 
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