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Abstract
We present a laser system which in a simple way generates two Raman beams for a velocity selection or cooling
experiment. A narrow-band diode laser is frequency modulated by an electro-optical device. Two slave diodes are injection
locked to the carrier and sideband frequencies, providing two powerful (130 mW) beams offset by 9.2 GHz. The stability of
the frequency offset (limited by the rf source) has been demonstrated in a Raman velocity selection experiment. By changing
the operating conditions of the slave laser we can switch its output frequency (< 20 p,s) to any of several discrete
frequencies of the injected master laser. This switching applied to Raman frequencies would significantly simplify The
optical set-up in a cooling experiment. 0 1997 Elsevier Science B.V.
PACS.
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1. Introduction
During the last decade narrow band diode lasers have
become a very popular and versatile tool in many areas of
modern physics such as spectroscopy. metrology and quantum optics. The use of diode lasers has significantly simplified laser cooling experiments. Great achievements have
been made with the exclusive use of diode lasers. An
example could be the operation of a caesium fountain
clock [I], which is at present the most accurate frequency
standard, with a fractional accuracy of 3 X JO- 15. Various
methods have been used to reduce the diode laser linewidth.
The most common use the optical feedback from an
external cavity [2] or a diffraction grating [3] (extended
cavity laser, ECL). The diode is then self’ injected by a
(spectrally) selected part of the light it is emitting. An
alternative method is to USGa weak beam originating from
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an external. narrow-band master laser (e.g. another diode
laser) to inject to a powerful slave diode [4]. The slave
diode reproduces the frequency and phase characteristics
of the master. It can be regarded as an optical amplifier
working in the saturation regime with a gain of typically
30-40 dB.
The original motivation of this work was to improve
the present Cs fountain performance, which is limited in
particular by collisions between cold atoms [5]. The collision frequency shift can be significantly reduced by rejecting from the fountain atoms which increase the shift but do
not contribute to the detection signal: that is. those with
large horizontal velocities [6]. This can be achieved by
applying Raman velocity selection [7], or Raman cooling
[8] techniques. To stimulate the velocity selective Raman
transitions between the ground state hyperfine levels. one
needs two counter-propagating
laser beams tuned to the
vicinity of an optical resonance and offset by the hyperfine
splitting frequency (9.2 GHz in the case of caesium).
While the absolute linewidth of the lasers is not important,
the relative linewidth must be smaller than the atomic
(4.1 kHz for Cs; M ih
recoil frequency vn = hX’/2aM
the atomic mass of “’ Cs. k is the wave number of the D,
line). Two techniques for generating Raman beams for
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Fig. 2. Beat-note spectrum of the two slave diodes. The horizontal scale is shified by 9192631770 Hz. (a) At large span (200 kHz) the 60
kHz sidebands due to the modulation of FPl are visible. (b) The central feature measured at 500 Hz span. The 3 dB linewidth (< 20 Ha) is
limited by the spectrum analyzer filter. The 80 HI. sidebands are mainly due to the acoustic noise produced by a vacuum pump.

experiment.
Some IO’ caesium atoms were captured and
cooled down to 3 pK in a standard magneto-optical trap
(MOT). After switching off the magnetic field gradient of
the trap and the cooling lasers, the atoms prepared in one
of the ground hyperfine sublevels (usually F = 4) were
exposed to the Raman pulses. Those atoms that due to the
Doppler shift were resonant with the Raman pulses could
be transferred to the other hyperfine sublevel, acquiring a
momentum “kick” of 2fik. To control the temporal shape
and duration of the pulses the two Raman beams were
overlapped in a polarising cube and sent through an 80
MHz acousto-optical modulator (AOM, Fig. I). The first
diffraction order beam was then decomposed in another
cube and coupled to a pair of polarising fibres (FI and F2.
Fig. I). After spatial filtering by the fibres, the light was
collimated at the output by doublet lenses. The two

counter-propagating
Raman beams (detuned 15 GHz below the resonance) were orthogonally linearly polarised
and had a maximum intensity of 70 mW/cm’
each. In
Fig. 3 we show a ID velocity distribution of an atomic
group selected by a 50 p,s square Raman pulse. The
distribution wab measured by applying a second. 7.5 ms
long Blackman pulse, for which the driving microwave
frequency was changed each cycle. The un-selected atoms
were removed by a radiation pressure pulse applied after
the first Raman pulse. The atoms were detected 14 cm
below the MOT. In this region the background Cs pressure
was 2 orders of magnitude below than in the trapping
region. Our detection system [ 131 enabled an exact measurement of the normalised ratio of the F = 3 and F = 4
populations II(3,4)/(17(3)
+ n(4)) to be made. By removing the srlrctrd atoms we obtained the initial velocity
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