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QWF18 Fig. 2. Same parameters as Fig. 1
with a addition of a crossed optical dipole beam
(power 10 W) with a waist of 20 pm.

gion. Trapped atoms have a mean energy,
kgT ~ Ug/10.

We have performed classical Monte Carlo
simulations of the collision process that show
that for optimized laser cooling and launching
parameters, and f = 0.5, ~ 6% of the launched
atoms are loaded. For a magnetic trap lifetime
of 200 s, one can expect a steady-state number
of ~10'° atoms.
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Motion of cold atoms in far-off-resonant
standing wave donut beams

X.M. Liu, G.J. Milburn, Department of
Physics, The University of Queensland, St.
Lucia, Brisbane, Qld 4072, Australia; E-mail:
Lu@physics.uq.edu.au

A donut beam, on the condition of z < z, and
w(z) = wy, can be expressed as

i
E(r) = exC(%/i) exp (— P/nd)

o
X exp [ild] exp (ikz), 6y

where z, = Tw I\, wH(2) = (2 + &)/ Ap
r=Vx*+ % and & = arctan(y/x). It has a
singularity of phase and the intensity on the
axis is zero. For a single donut beam, the scat-
tering force of atoms is related to the phase &,
which results in azimuthal motion of atoms. In
the standing wave donut beams, the scattering
force of atoms disappears and the dipole force
will be more complicated and related to phase
&.

The motion equations of cold atom in far-
off-resonant standing wave donut beams are
expressed as dimensionless parameters (R, ®,
Z,7),
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P Ut 5
n
X R¥ e BeosH(Z + 1), (2)
Kb+ kb=
-1
X R¥1e¥sin (Z + i®)cos(Z + ID),

3

' 1R
Z= ﬁ(kwo)zR2 e™sin(Z + D)cos(Z + 1),
where R = \/2>r/w,,,Z= kz,® = b, 1 =tv,v=
Vah/MAWS VWi 2wIwl T, W is the laser
power, and I, is the saturation intensity.

When cos (Z + I®) = 0, the dipole forces of
R, ®, and Z directions are all equal to zero and
the optical potential is the minimum in space.
It forms a spatial spiral surface. This novel
equilibrium structure of atoms caused by
change of ¢ in space is very different from that
of TEM,,, mode standing wave.

The motion of the atom in standing wave
donut beams is studied theoretically, and the
experiment to probe the spatial spiral structure
is under investigation.

QWF20

Two-pulse conical yoked
superfluorescence in Rb vapor

A.L Lvovsky, F. Moshary,* S.R. Hartmann,
Physics Department, Columbia University, 538
West 120th Street, New York, New York 10027;
E-mail: lvov@phys.columbia.edu

We have observed yoked superfluorescence
(YSF)! on the 5D-6P-5S channel in atomic
rubidium after two-photon excitation of the
5D-5S transition by a short (3 ps), 778-nm
pulse from a Ti:sapphire laser system. The ex-
citation pulse is formed by a pair of spatially
overlapping pulses of wave vectors k; and k,
where [k,| = |k,| = 2m/\ and X is the wave-
length of the 5D-5S transition.

When the atoms are excited by taking one
photon from along k; and one from along k,,
then phase matching requires that the yoked
transition consists of photon pairs along k;,p
and Kpg where

ky + k, = kpp + kps (1)

and kp,p and kg are the wave vectors of, respec-
tively, the upper (5D-6P) and the lower (6P-
58) transition components of the YSF. The YSF
pulses are emitted in a cone determined by
Brownell et al.!

This conical emission of YSF was observed
on the 420 nm lower transition (see Figs. 1 and
2). The measured behavior of the conical apex
angle B as a function of the angle between the
excitation pulses « is given in Fig. 2 as a series
of points and shows good agreement with the
solid line based on Brownell et al.!

Ata = 0 wefind B = 050 that kp,p, = kpgas
expected since the atomic densities we work
are not high. At large values of o, the angle 8 of
the conical emission decreases and eventually
drops to zero. This limit corresponds to the
condition when the upper (presumably inhib-
ited) transition component of the YSF is emit-

QWEF20 Fig. 1. A photograph of conical YSF
obtained with a CCD camera with an objective
lens tuned to infinity. Conical YSF shows as a ring;
also visible are the spots correspondent to the two
YSF pulses generated by each laser beam alone.
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QWF20 Fig.2. Apexangle of emission cone
associated with the yoked 6P-5S transition as a
function of the angle o between the two compo-
nents k, and k, of the two-photon resonant exci-
tation pulse.

ted in the backward (kpp = —Ieps) direction.
This is a unique feature of our experimental
setup, where the coherence in the 55-5D tran-
sition is prepared such that, unlike previous
reports,2-4 the two components of the yoked
emission do not propagate along the same di-
rection kpp = kpg).

Another unique feature of our experiment
is that the dependence of the conical super-
fluorescence intensity on the delay between the
two excitation pulses corresponds to the auto-
correlation of the resonant component of the
pulse.

*Electrical Engineering Department, City Col-
lege of New York, New York, New York 10031;
E-mail: moshary@ees1s0.engr.ccny.cuny.edu
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Gain without inversion in three-level V-
type system: a dressed-state analysis

D. Braunstein, R. Shuker, Physics Department,
Ben-Gurion University of the Negev, Beer-
Sheva 84105, Israel

A three-level atom in the V-configuration is
treated under two coherent laser fields at reso-
nance with the two allowed transitions. The
master equation for the system and full quan-
tum mechanical Hamiltonian are derived, and
equations of motion for the elements of the
density matrix are obtained by projecting into
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