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Abstract We describe a high-energy, frequency chirped
laser system designed for optical Stark deceleration of
cold molecules. This system produces two, pulse amplified
beams of up to 700 mJ with flat-top temporal profiles, whose
frequency and intensity can be well controlled for durations
from 20 ns–10 µs. The two beams are created by amplifying
a single, rapidly tunable Nd:YVO4 microchip type laser at
1064 nm, which can be frequency chirped by up to 1 GHz
over the duration of the pulse. Intensity modulation induced
by relaxation oscillations in the microchip laser during the
frequency chirp are virtually eliminated by injection lock-
ing a free running semiconductor diode laser before pulsed
amplification.

1 Introduction

The creation and manipulation of the center-of-mass mo-
tion of cold molecules [1–4] allows the study of molecu-
lar interactions that are masked at higher temperatures. This
includes many body dipole–dipole physics, exotic quantum
phases [5] and chemistry that is dominated by resonance and
tunneling phenomena [6]. The low translational energy of
cold molecules allows trapping by electrostatic or magnetic
fields for long periods, enabling spectroscopy at the highest
resolution [7]. Such precision measurements have applica-
tion in molecular physics but also in tests of physics beyond
the standard model [8] and the search for parity violation
at the molecular level [9]. Some simple diatomic molec-
ular species can be created by association of laser cooled
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species [10, 11]. However, a wider range of much more
complex species can be created by filtering out a narrow
velocity distribution from a molecular beam using conser-
vative fields [12]. Magnetic, electrostatic and optical fields
have been used in this way to decelerate and trap molecules
[13–15]. Zeeman and Stark deceleration utilize molecules
with permanent magnetic and electric dipole moments, re-
spectively, to slow molecules.

Optical Stark deceleration uses intense optical fields to
induce a dipole moment which interacts with the field that
created it to produce an optical potential. The gradient in
the optical potential has sufficient force to slow molecules
and atoms. To date this method has been used to slow ni-
tric oxide (NO) and benzene (C6H6) molecules [16–18] to
rest in a backing gas of xenon. The force that can be ap-
plied to molecules is proportional to the intensity gradient
such as in a tightly focused laser beam [19]. A larger gradi-
ent can be created by the interference pattern formed by two
near counter-propagating laser beams. The optical potential
formed by the interaction of the interference pattern with
the polarizability of the molecules, produces a periodic po-
tential called an optical lattice. A fixed frequency difference
between the two beams creates a constant velocity lattice
which has been used to decelerate molecules using a half
oscillation of the molecule trapped in the deep optical lat-
tice. Intensities in 1012–1014 W/cm2 range are used to create
the lattice which can have a well depth of E/kb = 1000 K,
where kb is Boltzmann’s constant. When the lattice velocity
is half that of the molecular beam, molecules can be deceler-
ated from 400 m/s to zero velocity in the laboratory frame on
time scales of a few nanoseconds. This scheme is, however,
limited to the creation of slowed molecular ensembles with
an energy spread that is comparable to the initial spread of
the molecular beam. In addition, a fast switching of the opti-
cal field is technically challenging. While a narrower energy
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spread, centered at 0 m/s, can be created by trapping these
molecules with a lower trap depth than the decelerating po-
tential, it is not suitable for high resolution collision studies
at arbitrary velocities which require a narrow energy spread.

A narrower energy spread can be accomplished by the
application of shallower optical potentials, which instead
of moving at constant velocity is constantly decelerated. In
this scheme an optical lattice traps and transports the mole-
cules to zero velocity. This has been described theoretically
[20, 21] where a linear frequency chirp is used to create a
lattice with a constant deceleration, over time scales on the
order of hundreds of nanoseconds. This optical potential is
given by

U(y, t) = − α

ε0c

√
I1(y, t)I2(y, t) cos2

(
qy + ω0t − 1

2
βt2

)
,

(1)

where α is the polarizability of the species, q = 4π
λ

sin(θ/2)

is the lattice wave vector, ω0 is the initial frequency dif-
ference between the two beams, and β = (dω/dt) is the
chirp rate. The time dependent frequency difference be-
tween the two beams determines the velocity of the op-
tical lattice. To create a lattice which starts at the speed
of the molecular jet and decelerates down to zero veloc-
ity, requires a frequency excursion of approximately 1 GHz
for nearly counter-propagating beams, over 20–1000 ns
[20, 21]. A flat-top temporal intensity profile is required for
the deceleration period to maintain the lattice well depth.
This ensures that no molecules are lost during the decelera-
tion period.

In this paper we describe a laser system that we have
developed for chirped optical Stark deceleration of mole-
cules. It uses pulsed amplification of a continuous wave
(CW) chirped Nd:YVO4 laser, which produces a low inten-
sity beam which can have an arbitrary frequency chirp. This
low power CW laser is split into two time delayed beams
which are subsequently pulse amplified in a commercial
(Continuum Lasers) flash lamp pumped Nd:YAG amplifier
system to produce a flat-top temporal profile. The amplified
pulses have essentially the same frequency characteristics
of the two time delayed CW beams. This system is capa-
ble of intensities in the (1010–1011 W/cm2) range required
for the deceleration of molecules. We demonstrate amplified
pulses of 140 ns duration, with chirp excursions in excess of
10 GHz/µs that are suitable for deceleration of cold mole-
cules in a molecular beam.

2 Overview of laser system

The laser system developed for chirped optical Stark decel-
eration is shown in Fig. 1. The two CW beams that are in-
put into the amplifiers are split from the same single mode

Fig. 1 A schematic of the high-energy chirped laser system. A mi-
crochip laser (master) injection locks a free running ‘slave’ diode
whose output is coupled into a fiber amplifier. A pulse shaper creates
pulses of width in the 20–1000 ns range. The pulsed beam is split into
two arms and coupled into two optical fibers of different lengths. These
delayed beams are fed into each arm (A and B) of a flash lamp pumped
Nd:YAG amplifier

output of a Nd:YVO4 microchip laser (master) which can
be rapidly frequency chirped by an intra-cavity electro-optic
crystal. The output of this laser system produces an output
power of ≈10 mW at a wavelength of 1064 nm. This light
is used to injection lock a free running semiconductor diode
laser, which is called the slave laser. This produces a fre-
quency and intensity controlled output that is coupled into
a commercial fiber amplifier (IPG model no. YAR-1K-LP-
SF). This amplifies our CW beam to 1 W. A commercial
electro-optic pulse shaper (Kentech Instruments) in combi-
nation with a polarizer, is used as a variable attenuator to
chop up this beam into pulses of 20–1000 ns duration, which
are then split and coupled into two optical fibers of different
lengths. Each pulse from the fiber is amplified by a flash
lamp pumped, pulsed amplifier denoted by arms A and B as
shown in Fig. 1. A Pockels cell and a polarizer combination
is used as a fast shutter in each arm, before the final stage
of amplification, to prevent amplified spontaneous emission.
A difference in fiber length of 55 m creates a time delay in
the output of the laser system of 275 ns. Using this delay,
a single laser can be used to create a chirped frequency dif-
ference.

2.1 Master microchip laser

A common way to rapidly tune the frequency of a laser sys-
tem is to change the optical cavity length using an electro-
optic crystal placed inside the cavity or by modulating the
current in a semiconductor laser. For frequency excursions
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of ≈1 GHz, a small cavity (<1 cm) with a large free spec-
tral range >1 GHz is required. Such schemes have been im-
plemented using external cavity diode lasers [22] and small
solid state lasers using microchip technology [23]. To pro-
vide a chirped master laser for amplification to the energies
required for optical Stark deceleration, we have built a short
cavity (4.5 mm), single frequency Nd:YVO4 laser, operat-
ing at a wavelength of approximately 1064 nm as shown in
Fig. 2. The cavity consists of a 500 µm thick Nd:YVO4 mi-
crochip (CASIX) with a high reflecting reflective coating for
1064 nm and an anti-reflection coating for the pump wave-
length of 808 nm on one side of the microchip crystal and an
anti-reflection coating for 1064 nm and 808 nm on the other.
The microchip is thermally attached to a copper block, the
temperature of which is controlled to within 10 mK by a

Fig. 2 A schematic of microchip laser. The cavity is formed by a
500 µm thick Nd:YVO4 microchip with a high reflecting reflective
coating for 1064 nm and anti-reflection coating for the pump wave-
length of 808 nm. A 94% reflective output mirror forms the output cou-
pler of the cavity. An intra-cavity electro-optic crystal (LiTaO3) crystal
n2 = 2.2 of length 3 mm is used to rapidly change the optical path
length

Peltier cooler. A 94% reflective plane mirror forms the out-
put coupler of the cavity while an intra-cavity electro-optic
crystal (LiTaO3) crystal (n2 = 2.2) of length 3 mm is placed
in the center of the cavity. When a voltage is applied to the
electro-optic crystal, the change in optical path length allows
a rapid change in the laser frequency. The output power of
this laser system is approximately 10 mW. The frequency
change δf of the laser with applied voltage δV to the elec-
trodes of the LiTaO3 crystal is given by [24]

δf = ηn2
1r33fopt

2d

n1l1

n1l1 + n2l2 + n3l3
δV, (2)

where l1, l2 and l3 are the respective lengths of the LiTaO3

crystal, the Nd:YVO4 crystal and the air gap. The overlap
efficiency between the electric field and laser cavity mode
is given by η and d is the thickness of the LiTaO3 crystal.
The refractive index of the extraordinary wave in the LiTaO3

crystal is n1 and the refractive index of the π polarization
component Nd:YVO4 is n2. The refractive index of air is
n3. The electro-optic coefficient of the LiTaO3 crystal along
the cavity axis is r33 (30.4 pm/V) at 1064 nm and fopt is the
frequency of the optical wave.

We require a continuous tuning range of approximately
1 GHz for molecular deceleration and operation on a single
longitudinal and transverse mode. The shortest possible cav-
ity length maximizes the mode hop free tuning range, while
having a larger electro-optic crystal which forms the major-
ity of the cavity length (n1l1 � n2l2 + n3l3) increases the
frequency change per voltage which is applied to the crystal
(tunability, fV = Δf/ΔV ). However, increasing the length
of the crystal would increase the tunability but also reduce
the mode hop free tuning range for a particular pump in-
tensity. We determine the tunability of the laser by measur-
ing the change in laser frequency as a function of applied
voltage. Figure 3 shows the frequency shift as a function of

Fig. 3 Frequency change of the
Nd:YVO4 microchip laser as a
function of voltage applied to
intra-cavity electro-optic crystal.
A linear fit gives a tunability of
15.4 ± 0.3 MHz/V
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Fig. 4 (a) A plot of the master and slave intensity as a function of
time, when a sinusoidal voltage with amplitude ≈70 V is applied to
the electro-optic crystal at a frequency of 1825 kHz. Intensity modu-
lation of <30% can clearly be seen of the master laser at a frequency
similar to the chirp. After injection into the slave this modulation is
reduced to effectively zero (<2%). Intensity noise limits further res-
olution in the measurement of this modulation. (b) A plot of master

and slave intensity as a function of time when the voltage applied is
modulated at 902 kHz. At this frequency there is a resonance with the
relaxation oscillations inherent in the laser system and thus the mod-
ulation is much greater, down to almost zero intensity and up to three
times the unmodulated intensity. After injection into the slave diode,
the intensity modulation is reduced to effectively <2%

applied d.c. voltage as measured by the fringe shift in a con-
focal etalon with free spectral range =1.4 GHz, and a finesse
of 200. There is a linear relationship between the voltage ap-
plied and frequency shift with fV = 15.4 ± 0.3 MHz/volt.
We find that our cavity remains single mode up to a D.C.
frequency shift of 16.8 GHz, which corresponds to 1090 V
for fV = 15.4 MHz/V.

3 Reducing the effects of relaxation oscillations

Rapid changes in the frequency of the laser also induce re-
laxation oscillations. These are observed as large periodic
modulations in the intensity of the laser output which oc-
cur due to the large difference between the cavity lifetime,
(τc = 300 ps) and the excited state lifetime (τ2 = 90 µs). The
characteristic relaxation oscillation frequency of the laser is
given by

ωsp =
√

r − 1

τc

× 1

τ2
(3)

where r is the ratio of the pumping rate to the threshold
pumping rate. This equation predicts a relaxation oscillation
frequency of 685 kHz for r = 1.5 for our laser.

When the modulation frequency of the voltage applied
to the electro-optic crystal is comparable to the relaxation
oscillation frequency, stronger intensity oscillations are in-
duced. Additionally, there are many acoustic resonances in

the electro-optic crystal, which are also induced by the volt-
age modulation. They typically occur above 80 kHz and
have been observed up to 25 MHz. [25]. At some modula-
tion frequencies the intensity modulations due to relaxation
oscillations can be nearly 100% of the output intensity.

Such intensity oscillations are not suitable for optical
Stark deceleration and must be removed. A typical way to
suppress these oscillations is to use electronic feedback to
the current of the pump diode [26] so that when the intensity
is low the current is driven higher. While this was successful
in suppressing an intensity modulation of 10%, it was in-
sufficient to prevent the larger intensity oscillations induced
by the chirp. To remove these oscillations we use an injec-
tion locking scheme where our CW chirped laser provides
the master frequency source whose output is coupled into
a slave laser. The frequency of the slave is now determined
by the chirped laser but its intensity is in principle constant
in time. Additionally, the slave laser is a free running semi-
conductor diode laser which has typical relaxation oscilla-
tion frequencies in the GHz regime [27]. As these are much
larger than those at the MHz relaxation oscillation frequen-
cies of the master laser, it is unlikely these oscillations will
be induced in the slave.

Figure 4 shows the output intensity of the master and
slave laser when the voltage that is applied to the electro-
optic crystal is modulated at two frequencies. Figure 4a
is the intensity output for an applied voltage of ampli-
tude ≈70 V at a frequency of approximately 1825 kHz
and Fig. 4b is for 900 kHz. The grey traces in Figs. 4a
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and 4b show the resulting intensity modulation of the mas-
ter laser due to relaxation oscillations induced by the volt-
age modulation. The black traces represents the significantly
reduced output intensity modulation of the slave laser. At
both frequencies the slave intensity modulation is less than
2%. We choose to modulate the frequency of the master
laser at 1825 kHz where the intensity oscillations are low-
est (Fig. 4a). The slave locks to the instantaneous master
laser frequency provided the free running slave is operat-
ing within a few GHz [28] of the master’s frequency. As in
similar systems, the intensity of the oscillations of our slave
laser is several orders of magnitude less than the oscillations
of the master [22]. The slave remained locked to the mas-
ter when chirped to a frequency excursion of ≈1390 MHz
corresponding to 90 V applied to the electro-optic crystal.

4 CW frequency chirp

To measure the induced chirp of the master-slave and fiber
amplifier system, the output of the slave is split into two
beams and coupled into two fibers of different lengths. This
creates a time delay, and therefore a frequency difference,
between the two beams at the fiber outputs when the laser
is chirped. This is illustrated in Fig. 5 which shows the fre-
quency shift induced by the applied voltage at the output of
each fiber. This chirp is produced by applying a sinusoidal
voltage of amplitude 67.5 V to the electro-optic crystal at
a frequency of 1825 kHz. Due to the time delay (275 ns)
introduced by the difference in fiber lengths, there is a π

phase shift between these waveforms. The third trace rep-
resents the frequency difference between these two beams
that would be observed by heterodyning the two outputs.
The maximum frequency difference between the two out-
puts is 1080 MHz based on a tunability, fV of 16 MHz/V.
At approximately 140 ns and 420 ns the relative frequency
between the two arms goes to zero.

To heterodyne the outputs from each fiber, we combine
both beams onto a beamsplitter and focus these overlapped
beams onto a fast photo-diode with a bandwidth of 2 GHz.
The photo-diode signal is recorded on an oscilloscope with
a 3 GHz bandwidth. This signal is shown in Fig. 6a and
the voltage applied to the electro-optic crystal is shown
by the overlaid black line in Fig. 6a. The maximum beat
frequency occurs at minimum (or maximum) applied volt-
age corresponding to 0 ns and 280 ns where the ampli-
tude modulation is at a minimum. The variation in modu-
lation contrast of the beat signal as a function of frequency
is due to the non-linearity of the frequency response of the
photo-diode. This was determined by measuring the modu-
lation depth as a function of a fixed frequency difference.
We assume the electric field of arms A and B are given
by EA,B(t) = EA0,B0(t) exp[i(φA,B(t) + ωt)] where EA,B

Fig. 5 A plot of the predicted frequency chirp of 1040 MHz, produced
by applying a sinusoidally varying voltage with amplitude 67.5 V and
creating a π phase delay between the sinusoidally varying frequency
of each arm that results from the difference in length between the two
arms

Fig. 6 (a) The recorded heterodyne signal and the voltage applied to
the electro-optic crystal as a function of time. The voltage was modu-
lated at 1825 kHz, with a peak to peak amplitude of 67.5 V. The fre-
quency dependent variation of the modulation contrast is due to the
non-linearity of the frequency response of the photo-diode. (b) The in-
stantaneous frequency as a function of time determined from the data
shown in (a) can be determined to within ±10 MHz, indicating a chirp
of 1080 MHz, and a tunability of 16 MHz/V

are the electric field amplitude of each arm oscillating at
the same optical frequency ω with a time dependent phase
φA,B(t) whose derivative with time gives the instantaneous
frequency change. To determine the frequency difference
between the two beams as a function of time, we used the
method of Fee et al. [29] where the beat signal from the
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two beams recorded by the photo-diode can be written in
the time domain form as

V ∝ ∣∣EA(t)
∣∣2 + ∣∣EB(t)

∣∣2

+ EA(t)E∗
B(t) exp

[
i
(
φA(t) − φB(t)

)] + c.c. (4)

When the beat frequency between the two beams is
higher than the Fourier components of the two first terms in
the equation above we can determine the instantaneous fre-
quency difference between the beams by first Fourier trans-
forming the beat signal and then applying a bandpass filter
to extract only the higher frequency Fourier components of
the third term in the equation above. This filtered signal in
the frequency domain is transformed back into the time do-
main and the instantaneous frequency is determined from its
time derivative.

Figure 6b represents the instantaneous frequency as
a function of time determined from the data shown in
Fig. 6a. We cannot accurately determine the instantaneous
frequency difference at frequencies below 100 MHz be-
cause the envelope of the two lattice fields, represented
by the first two terms in (4), also has frequency compo-
nents in this range. At frequencies above 100 MHz, how-
ever, the instantaneous frequency can be determined within
±10 MHz. Although not performed here, the chirp at lower
frequencies could be measured by offsetting the frequency
of one of the beams using an acousto-optic modulator.
The figure does show that a frequency excursion in ex-
cess of 1000 MHz can be attained with our laser. This
is more than sufficient for our purposes since it is equiv-
alent to a maximum lattice velocity of >530 ms−1 pro-
duced by the two counter-propagating beams. This velocity
is greater than the initial velocity of cold molecules pro-
duced by a cold molecular beam produced by a xenon car-
rier gas. To derive the tunability, we then fit the function

f = fV V | cosωt | to the derived instantaneous frequency
and determine a value of fV = 16 ± 0.5 MHz/V at a mod-
ulation frequency of 1825 kHz. Within the uncertainty of
our measurements this value is in good agreement with the
d.c. tunability determined from the measurements shown in
Fig. 3.

5 Pulse amplification

5.1 Shaping and temporally overlapping of high intensity
pulses

To produce the high intensities needed (1012–1014 W/cm2)
to create a decelerating lattice, we pulse amplify in a single
pass, the output of each fiber using a custom built Nd:YAG
system (Continuum lasers). Each arm consists of three flash
lamp pumped Nd:YAG rods (100 mm long and 6 mm di-
ameter). The output from the fibers is continually chirped
as shown in Fig. 6 but we amplify for the time period that
corresponds to the time taken to chirp from the maximum
frequency difference between the two beams down to zero.
This corresponds to td = 138 ns, as shown in Fig. 5. To ac-
complish this we synchronize the voltage modulation of the
crystal, and therefore the chirp, with the firing of the flash
lamps. As we only require amplification for the duration
of the chirp, we use a Pockels cell and polarizer as a pulse
shaper, to pass only light for this period of time. We typically
produce pulses in the 100–200 ns range with a flat-top tem-
poral profile after amplification. A input pulse with a shape
that is well approximated by an exponential rise is required
to compensate for the time varying gain saturation effects in
the Nd:YAG amplifying rods during amplification.

Fig. 7 (a) Intensity profile of
the light produced by the pulse
shaper before input into the
fibers and pulse amplified.
(b) Amplified output from
arm A, offset in time for
comparison with input pulse (a).
(c) Amplified output from
arm B , offset in time for
comparison with input pulse (a)
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As there is a time delay introduced by propagation
through the two fibers of different lengths which feed ampli-
fier arms A and B , we are able to use a single pulse shaper
to produce two temporally delayed pulses before the CW
beam is split, and coupled into the two fibers. The time de-
lay in the fibers brings the first pulse exiting the longer fiber
into temporal coincidence with the second pulse from the
shorter fiber. The first pulse in the shorter fiber is blocked
by a Pockels cell and polarizer before the final amplifi-
cation stage shown in Fig. 1. The second pulse from the
longer fiber is also amplified but at a lower intensity since
the gain is largely depleted by the first pulse. Since the
temporally overlapped pulses are formed from two tempo-
rally delayed pulses originating from the slave, a frequency
difference in the outputs results when the master laser is
chirped.

Figure 7a shows the intensity profile for two pulses, of
different duration, that are sent into each fiber and subse-
quently pulse amplified. Figures 7b and 7c are the relative
intensity recorded for each arm after amplification show-
ing that a near flat-top temporal profile can be achieved.
For comparison each profile has been offset in time to com-
pare each output pulse with its respective input shown in
Fig. 7a. Although not shown here these two pulses are tem-
porally overlapped when they exit the amplifiers so that they
can be used to form a lattice. In comparing the input and
output pulses of arm A, it can be seen that input pulse is
more than twice as long as the output pulse. This occurs be-
cause a Pockels cell is used to hold off amplification until
−75 ns when the light is of sufficient intensity. This func-
tion can also be fulfilled by the pulse shaper, however, fine
tuning (≈ns resolution) of the intensity profile, shown in
Fig. 7b, is more easily accomplished by varying the Pock-
els cell triggering time. The same process is also used to
control the amplified intensity profile of arm B , shown in
Fig. 7c.

5.2 Characterization of chirped pulsed amplification

Figure 8a is a temporal profile of one of the two input
beams. The outputs of arms A and B of equal pulse dura-
tion (td = 140 ns) are heterodyned to produce a beat pat-
tern as shown in Fig. 8b. The envelope of the beat pattern
does not have a flat-top profile because, as explained earlier,
the frequency response of the photo-diode is not constant
over all frequencies sampled. Figure 8c is the instantaneous
frequency difference between the two arms derived from
Fig. 8b. The frequency chirps from over 1 GHz down to 0 at
a rate of ≈8 GHz/µs. The uncertainty in the downward chirp
in the central region of the plot where the signal to noise
is lowest is <10 MHz. Overlaid with this waveform is a fit
to the instantaneous frequency determined by the sinusoidal
voltage applied to the electro-optic crystal with amplitude of

Fig. 8 (a) Input profile of one of two the laser beams which are
heterodyned on a photo-diode. (b) The beat pattern detected on a
photo-diode due to sinusoidal chirp with frequency 1.82 MHz and
amplitude 74.0 ± 0.05 V. (c) Instantaneous frequency as a func-
tion of time determined from the data in (b) within an uncertainty
of ±10 MHz. Applying a fit to these data indicates a tunability,
fV = 14.4 ± 0.2 MHz/V. (d) Instantaneous frequency as a function
of time for identical un-amplified continuous wave case for compari-
son. The same fit indicates Tc = 14.3 ± 0.2 MHz/V which is consistent
with the measured tunability in the pulsed case

74 ± 0.25 V. This has the form F(t) = V0fV | cos(ωt + φ)|,
where V0 is the voltage amplitude, fV is the tunability
(MHz/V), and φ is simply an arbitrary phase. This indi-
cates a tunability fV = 14.4 ± 0.2 MHz/V in good agree-
ment with that determined from the rapid CW chirp mea-
surements shown in Fig. 8d where a similar fit indicates a
tunability of fV = 14.3 ± 0.2 MHz/V for the same voltage
applied to the e.o. crystal. Importantly, the good agreement
in both the fit and the tunability of the CW and pulse am-
plified beams indicates that no significant additional chirp is
introduced by the amplification of the CW seed beams and
that this system is suitable for chirped optical Stark deceler-
ation.
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6 Conclusions

We have described the development of a high-energy,
chirped laser system for the deceleration of molecules
within a molecular beam. Central to this system is a CW
rapidly tunable Nd:YVO4 microchip laser operating at
1064 nm, which can be chirped in excess of 7.1 GHz/µs
using an intra-cavity electro-optic crystal. Relaxation oscil-
lations induced in this laser system by the rapid chirp are
largely removed by injection seeding a free running semi-
conductor diode laser. The two beams for chirped deceler-
ation are created by introducing a time delay by splitting
the chirped CW beam and propagating it into two different
length fibers. This allowed us to create two beams with a
well defined, time dependent, frequency difference between
them. To produce the high-energy, chirped beams with the
same frequency characteristics as the CW seed beams we
pulse amplified each beam in two separate arms of a sin-
gle pass flash lamp pumped Nd:YAG amplifier. Each ampli-
fied beam had a flat-top temporal profile over 140 ns with
an energy per pulse of up to 400 mJ. Although longer flat-
top pulses can be created up to 10 µs the length is limited
by the difference in fiber length and the coherence of the
laser. While our laser system has been developed for opti-
cal Stark deceleration of molecules, the ability to produce
a rapid and arbitrary chirped output at high-energy output
with a controlled pulse shape could be used for high speed
spectroscopic measurements in laser based diagnostics of
combustion and flow.
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