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Abstract

This article describes the development and operation of a
double magneto-optical trap (MOT) setup for generation of
ultracold “Rb atoms. The transfer of atoms from a vapor
chamber MOT (VC-MOT) to an ultra-high vacuum MOT
(UHV-MOT) has been extensively studied. A push beam has
been used for transfer of atoms from the VC-MOT to the
UHV-MOT in different geometries and configurations to
maximize the number of atoms in the UHV-MOT. The results
of aresonant push beam in presence of a counter-propagating
weakly focused hollow beam have been presented here. The
investigations during this work also revealed that use of a red—
detuned (and higher power) continuous wave push beam of an
optimized spot-size results in much higher number of atoms
in the UHV-MOT. Further, the transfer of laser cooled atom
cloud from UHV-MOT to a magnetic trap has also been
studied during the course of the work. The optimization of
magnetic field gradient during switching on of the magnetic
trap, for maximizing phase space density and its dependence
on the temperature and r.m.s. size of the laser cooled atom
cloud in the UHV-MOT and molasses has been investigated.
To generate the ultracold atomic samples of “Rb, the
evaporative cooling of laser cooled “Rb atoms in a
quadrupoleoffe configuration (QUIC) magnetic trap has
been performed. After evaporative cooling, a bimodal
distribution in the optical density profile of the evaporatively
cooled atom cloud was observed which indicated the
occurrence of Bose—Einstein condensation (BEC) in the atom
cloud.

1. Introduction

Over the last few decades there has been a phenomenal
progress in the field of ultra—cold atoms [1, 2]. The field has
seen amazingly new developments, which include ultra—
precision spectroscopy [3-5], quantum optics [6, 7], ultra—
cold collision physics [8], cold molecules [9], matter wave
optics [10], ultra—cold plasmas [11] and most importantly
BoseFEinstein condensation (BEC) [12-14]. Experimental
realization of BEC [15-17] is, perhaps, the landmark
accomplishment of ultra—eold atom research and that has led
to an explosive growth of research in quantum degenerate
gases including metastable and fermionic atoms,
superfluidity, quantized vortices, Josephson junction,
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quantum phase transitions etc. [13]. It has also provided an
opportunity to study the wave particle duality of matter and
has formed the basis of research in non-linear and quantum
atom optics. The applications of lasercooled atoms are
equally fascinating and include, for example, precision
atomic clocks [1], ultra-precise gravity gradiometer [5], atom
lithography [14] and quantum information processing [6].
Underlying this explosive growth are the innovative
techniques of generation and manipulation of ultra—cold
atoms.

1.1 Fundamentals of laser atom cooling and trapping

In the context of laser cooling the temperature describes the
spread in velocities in an atomic distribution (Maxwell—
Boltzmann distribution). From the kinetic theory of gases in
1D, we can relate the thermal energy of the atoms to the v,
(the velocity spread in a Maxwell-Boltzmann distribution) as
follows,

1 1
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where k, is Boltzmann's constant, 7 is the temperature and m
is the atomic mass. Therefore reducing the v,,, ultimately
leads to reduction in the temperature. The average velocity of
atoms reduces to few mm/s from few hundred m/s by laser

cooling technique.

Light can be used as a tool to manipulate and control the
external degrees of freedom of an atom, i.e. position and
momentum of the atom and the internal states of the atoms.
The cycle of unidirectional absorption of photons from a laser
beam and spontaneous emission of photons in random
direction lead to transfer of momentum of photons to the
atom. This results in a force called “scattering force” or
“radiation pressure force”. This scattering force can give a
maximum deceleration of ~10°g (g is the acceleration due to
gravity), which clearly shows the potential of the resonant
laser light acting on atoms. Another kind of force arises from
laser induced dipole moment of atom and its interaction with
the laser field. Its magnitude is dependent on the spatial
derivative of the intensity profile of the laser beam and the
detuning of the laser beam from the atomic resonance.
Because of this, this force is called “gradient force™ or “dipole
force”. These two forces can be used to manipulate the atomic
motion. The scattering force which is dissipative in nature,
can be made velocity dependent and hence becomes useful for
cooling of atoms. The dipole force is useful for trapping and
guiding of cold atoms.

The scattering force of laser beam on atom can be utilized to
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reduce the speed of the atoms. The Doppler cooling is one
such mechanism which exploits the Doppler effect to
generate the cooling effect of laser beam on an atom. An atom
under motion with a particular velocity can be in the
resonance with the oppositely propagating laser beam when
the Doppler shifted frequency of laser beam experienced by
the atom equals the atomic transition frequency. As a result,
the laser beam can exert a net force on the atom which can
reduce its velocity. Such scattering force is detuning
dependent and is velocity dependent as well. Exploiting this,
T.W. Hénsch and A.L. Schawlow have proposed using three
pairs of counter-propagating red-detuned beams to cool
atoms and Chu et al has experimentally realized this Doppler
cooling. This geometry has been popularly known as “optical
molasses”.

Though the cooling of atoms in optical molasses helps in
reducing the kinetic energy, it lacks to provide any spatial
confinement. Due to lack of trapping or confinement, the
atom may diffuse out of the overlapping region with time.
Also, the effectiveness of cooling in molasses depends upon
the detuning which becomes larger with cooling of atoms.
After cooling, an atom may reach to a velocity range where
the Doppler shift no longer brings the atom to the resonance
and hence the cooling ceases.

Fig. T3.1: Configuration of magneto-optical trap (MOT).

Three pairs of laser beams of equal intensity and frequency in

conjunction with an inhomogeneous field generated by a pair
of coils in quadrupole configuration is used for formation of
MOT.
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To circumvent these problems an inhomogeneous magnetic
field (generated by a quadrupole coils) is superposed which
introduces a position dependent scattering force. This
configuration is known as magneto-optical trap (MOT) as
shown in Figure T.3.1 and due to the simplicity and robustness
of MOT, it has become a widely used source of cold atoms. In
the MOT, three pairs (6" — o) of laser beams are used. A
spherical quadrupole field is superimposed in such a way that
its center matches with the intersection point of the beams.
For an appropriate combination of magnetic field and laser
beam polarization, an atom moving away from the center will
experience a force directing it towards the center of the trap.
MOT provides a trap capable of accumulating large number
ofatoms, but the temperature and density that can be achieved
is limited due to a number of reasons [1,12-14]. To increase
the density a very convenient stage is compressed MOT
(CMOT), performed by increasing the detuning of the cooling
laser and increasing the field gradient used for MOT. As a
result, the radiation pressure reduces which increases the
density of atoms in MOT. Further, to lower the temperature of
atoms in MOT, the magnetic field is turned off to leave the
atoms in optical molasses, where sub-Doppler cooling
mechanisms can take place. To further lower the temperature
achieved by MOT, CMOT and optical molasses stages,
another cooling stage “evaporative cooling” is necessary.
Evaporative cooling is a method to reach the temperature
below the temperature regimes achievable by laser cooling
technique. The idea of evaporative cooling was introduced by
Hess for hydrogen [12-14]. But this technique proved to be
very useful in alkali atoms to reach the quantum degeneracy
[15]. In magnetic traps it is implemented by using radio
frequency (RF) radiations [18]. The principle is as follows:
the atoms with higher energy are selectively removed from
the trap by applying the RF radiation. The RF radiation makes
the atoms flip the spin and pumped to an untrappable state and
hence, leave the trap. As a result, rest of the atoms in the trap
thermalize to a lower temperature by elastic collision. The
evaporative cooling can be performed in a trap where the
atoms can be stored for a longer time. The quadrupole trap
generates a potential of V shape with a minimum (zero) at the
center. The main problem with the quadrupole trap is the zero
field at the center where atoms may make a spin flip
(Majorana flip) and go to untrappable state and hence may be
lost from the trap [12-14]. For this reason the quadrupole trap
is not suitable for evaporative cooling which requires a longer
life-time of the trap. For evaporative cooling purpose, various
techniques are employed to eliminate the Majorana spin flip
losses. These include “plug the hole”, “time orbiting potential
(TOP) trap”, “the loffe-Pritchard trap”, “the cloverleaf trap”,
“the base ball trap”, “quadrupole-Joffe configuration (QUIC)
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trap” etc. [12-14, 19-21]. When the temperature is lowered by
evaporative cooling, below a certain temperature and for a
particular density of atoms, macroscopic accumulation of
atoms in lowest energy state takes place. This special
phenomena occurs only for Bosons (particles having integral
spin) and is known as Bose—Einstein condensation (BEC).
The temperature below which BEC occurs is known as
critical temperature.

2. Experimental apparatus

The experimental realization of laser cooling and evaporative
cooling is a challenging task as they require different pressure
regimes. A setup, comprising of two chambers having
different vacuum levels acting as vapor chamber (made of
stainless steel) and ultra-high vacuum chamber (glass cell), is
developed for achieving laser cooling and evaporative
cooling of “Rb atoms. The setup is known as double- MOT
setup [22] as shown in Figure T.3.2. An image of the setup is
shown in Figure T.3.3. A suitably designed differential
pumping tube is used to maintain the pressure level in the
chambers. The double-MOT setup is very convenient to
implement the two stage cooling of atoms. The laser cooling
stage results typically the temperature of cold atoms in the
range 50 =500 pK, whereas the evaporative cooling can result
the temperature in the range of sub-microXelvin to few
microKelvin. Here, laser cooling of “Rb atoms in the
magneto-optical traps (MOTs) provides the first stage of
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Fig. T.3.2: Schematic of the experimental double MOT setup.
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cooling and evaporative cooling of these laser cooled samples
in a magnetic trap leads to the second stage of cooling. For
realization of the two stage cooling process, the apparatus
consists of several frequency stabilized laser systems,
magnetic traps for cold atoms, RF evaporative cooling
systems, detection and characterization equipments, and a
PC-based controller system to implement various cooling
stages in a desired sequence.

In the double-MOT setup, one of the chamber is at a pressure
~1 x 10" Torr (with Rb-vapor) where the first MOT of “Rb
atoms is formed by collecting the atoms from the background
Rb-vapor in this chamber. This MOT is known as vapor
chamber MOT (VC-MOT). The second MOT is formed in a
different chamber kept at an ultra-high vacuum (UHV) (~6 x
10" Torr) environment. The second MOT is known as
UHVMOT for which the Rb atoms from the VC-MOT act as a
source. The atoms collected in the UHV-MOT are used for
magnetic trapping and evaporative cooling to generate atomic
samples having further lower temperature. The UHV
environment in the chamber is suitable for the long life-time

Fig. T.3.3: A photograph showing the double MOT setup.
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of atoms in the magnetic trap which is necessary for the
evaporative cooling process due to its slow nature.

3. Atom transfer with resonant push beam

The collection of a large number of atoms in UHV-MOT in the
double-MOT setup is quite important. Various methods are
employed for transfer of atoms from a VC-MOT to UHV—
MOT [23,24]. Several groups have used a push beam to eject
the flux of atoms from the VC-MOT for loading of the UHV—
MOT. The use of push beam for transfer of atoms is a simple
and convenient technique. We have chosen to investigate the
transfer of atoms from VC-MOT to UHV-MOT using a
resonant push beam, which is resonant to (5S,,F=2)—>
(5P,,F'=3) transition of "'Rb. We have used the push beam in
different schemes. First, we have studied the effect of using an
auxiliary hollow beam in conjunction to a low power resonant
push beam.

3.1 Use of a hollow laser beam in conjunction with the
resonant push beam

A hollow beam is used to enhance the atom transfer between
VC-MOT and UHV-MOT. In this scheme, a weakly focused
hollow laser beam was aligned to propagate opposite to the
direction of the push beam. The hollow beam was aligned in
such a way that the atomic flux ejected from VC-MOT, both
the MOTs were in the dark region of the hollow beam.

The push beam was a continuous wave Gaussian laser beam
resonant with (5S,, F =2) — (5P,, F'= 3) transition of “Rb. It
was focused to 1/e” size ~ 100 um at the VC-MOT position,
which corresponded to a push beam intensity at VC-MOT of
~10*mW/cm’ and at UHV-MOT ~ 13 mW/cm’ for a power of
~ 150 uW. Atoms ejected from the VC-MOT by the push
beam were captured in the UHV-MOT. A weakly focused
hollow laser beam propagating vertically upwards was
aligned such that both the MOTs were in its dark central
region. The hollow beam was generated using a homemade
metal axicon mirror. The peak to peak intensity diameter and
ring-width (FWHM) of the hollow beam were, ~ 14.3 mm and
~ 1.4 mm at the UHV-MOT and ~ 3.2 mm and ~ 1.24 mm
respectively, at the VC-MOT. This corresponds to peak
intensities ~ 50 mW/cm’ and ~230 mW/cm’ at UHV-MOT
and VC-MOT plane respectively, for abeam power of 30 mW.

The variation in the number of atoms in the UHV-MOT in
presence of hollow beam (N,) with the frequency of the
hollow beam was measured. We have also measured the
number of atoms in the UHV-MOT in absence of the counter—
propagating hollow beam (»,). The results are shown in
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Figure T.3.4. The experimental results have shown a
significant enhancement in the number of atoms in the UHV—
MOT in presence of the hollow beam (&,) when it was tuned
appropriately. The observed enhancement in number of atoms
in the UHV-MOT has been attributed to the cooling and
transverse guiding of flux of atoms reaching the UHV-MOT
due to interaction of atoms in the flux with the hollow beam.
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Fig. T.3.4: Measured variation in the ratio of number of atoms
in UHV-MOT in presence (N,) and absence (N,) of hollow
beam with the detuning of the hollow beam frequency.

The investigations have suggested that the increase was due to
decrease in average speed of flux of atoms from VC-MOT as
well as increase in number of atoms reaching the capture
volume of the UHV-MOT due to the presence of the hollow
beam. The additional effect of the hollow beam on the atom
flux from the VC-MOT could be the reduction in divergence
of the flux because of transverse cooling and guiding effects
of the beam.

4. Atom transfer with red-detuned push beam

The detuning of a laser beam with respect to the atomic
resonance frequency governs, whether an atom will be
pushed towards the higher intensity (for red-detuned) or
towards the lower intensity (for blue-detuned). This
behaviour arises due to the dipole force [1,12-14] experienced
by the atoms. This dipole force is also helpful in guiding of
atoms from one position to other. The guiding improves the
efficiency in decreasing the transverse temperature during
transfer of atoms. Therefore it seems beneficial, if the guiding
of atoms can be coupled with the atom transfer between two
MOTs using a push beam. Dimova et al. [26] has proposed
and demonstrated a technique which used the pushing and



guiding of atoms during the transfer of atoms from one MOT
to another in a double-MOT setup. We have proposed and
demonstrated that a single beam of sufficiently high power
(few tens of mW) and with detuning in the order of few GHz
to the red of atomic resonance transition can be used not only
for generating a leak in the VC-MOT for extraction of atoms
for transfer to UHV-MOT but also for guiding the atoms to the
trapping volume of UHV-MOT to load the UHV-MOT [25].
Since guiding is intensity dependent process we have
investigated the benefits of using a red-detuned push beam in
retro-reflection geometry which enhances the guiding
potential of the beam [25]. Further extension in the study of
atom transfer with red-detuned push beam was made towards
the investigation of the effect of variation in the push beam
spot-size at VC-MOT on number of atoms accumulated in
UHV-MOT[27].

4.1 Use of a red-detuned push beam in retro-reflecting
geometry

Since guiding dipole potential is intensity dependent, one can
enhance the above guiding assisted transfer by using the push
beam of a given power in retro-reflection geometry, where
retro-reflected push beam potential was added (with
appropriate sign) to the potential of the forward push beam to
give the resultant higher guiding potential. At the same time,
the destructive scattering force of forward push beam at UHV—
MOT was balanced by that of the retro-reflected push beam.
The push beam can confine more atoms in the flux from the
VC-MOT to the UHV-MOT in the presence of retroreflected
beam. On the other hand, the resultant scattering force in
presence of retro-reflected push beam is reduced because of
opposite directions of forces due to forward and retro—
reflected components of push beam. This reduced scattering
force and increased dipole potential due to push beam are
likely the cause of observed higher number in UHV-MOT for
the push beam in retro-reflection geometry than the number
observed without retroreflection of the push beam. The
higher intensity of the retro-reflected beam provides a higher
resultant dipole potential and lower resultant scattering force
of the push beam at UHV-MOT atom cloud, both favorable
for higher number of atoms in the UHV-MOT. The measured
variations in the number of atoms in the UHV-MOT in
presence and absence of the retro-reflecting push beam with
push beam detuning is shown in Figure T. 3.5. As compared to
without retro-reflected push beam, for push beam power of ~
20 mW, ~ 30 % increase in number in UHV-MOT is observed,
when the retro-reflecting mirror is kept a 55 mm distance
from the UHV-MOT position.
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Fig. T.3.5: Measured variation in number of atoms in the
UHV-MOT with the frequency detuning of the push beam.

4.2 Dependence of red-detuned push beam spot-size on
atom transfer

In this work, the effect of push beam spot-size and power on
the number of atoms accumulated in the UHV-MOT has been
studied during the atom transfer from the VC-MOT to UHV—
MOT. It has been observed that, at a given push beam power,
the number of atoms collected in the UHV-MOT varies with
the push beam spot-size at the VC-MOT and attains a
maximum value at an optimum push beam spot-size. At a
given push beam power, the number of atoms accumulated in
the UHV-MOT and the optimum push beam spot-size are
dependent on the capture speed of the UHV-MOT. The studies
have been extended further to investigate the effect of spot—
size of red-detuned push beam at VC-MOT on the number of
atoms transferred to UHV-MOT. It has been found that at a
given power in push beam, number of atoms in UHV-MOT
first increases with increasing spot-size and then decreases
with it, after attaining a maximum value. The number finally
achieved in UHV-MOT is sensitive to spot-size and power of
push beam at VC-MOT and capture speed of UHV-MOT. The
measured variation in the number of atoms in the UHV-MOT
with the spot-size of the push beam at VC-MOT position for
various powers of push beam is shown in Figure T. 3. 6.

The velocity of the atoms ejected from VC-MOT, is
dependent on intensity (spot-size for a given power). This
velocity should be less than the capture velocity of the UHV—
MOT. At a lower power and smaller spot-size, the ejected
atoms from the VC-MOT is less and hence a lesser number in
the UHV-MOT. However, a higher power and larger spot-size
result in a poor loading of the source VC-MOT and hence a
poor loading of UHV-MOT. Therefore, there exists an
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Fig. T.3.6: Measured variation in number of atoms in the
UHV-MOT with the spot-size of the push beam at the VC-
MOT position for various powers in the push beam.

optimum power and spot-size where the number of the atoms
inthe UHV-MOT is optimum.

5. Magnetic trapping of laser cooled "Rb atoms and
evaporative cooling in the magnetic trap

The first demonstration of magnetic trapping of neutral atoms
proved to be an instrumental idea in achieving the Bose—
Einstein condensation (BEC) of alkali atoms in a magnetic
trap after evaporative cooling [13, 15-18]. For trapping of
cold neutral atoms several designs of magnetic traps have
been proposed and demonstrated [13]. The trap depth of the
potential generated by the magnetic field determines the
kinetic energy of the atoms trappable in the trap. As the
potential scales as u,B (where u, is the Bohr magneton and B
is the magnetic field of the trap), the trap depth has the order of
B times the ratio of u/k, (~ 67 uK/G). It is important to note
here that the wall of the UHV-MOT glass cell in our setup acts
as a boundary of the trap, where the field is normally of the
order of 200 G (assuming the field gradient in quadrupole
trap ~ 155 G/cm in our setup), which results in a trap depth of
~ 13 mK. Therefore, pre—cooling of the atoms is a basic
requirement for magnetic trapping. We have initially cooled
the atoms in an UHV-MOT and then transferred these UHV—
MOT atoms to a magnetic trap. The atom cloud obtained in an
UHV-MOT, is not suitable for directly loading to a magnetic
trap. Magnetic trapping needs all the atoms to be in the
trappable state having appropriate hyperfine quantum
number and a suitably lower temperature of the cloud.
Therefore, before transferring the atoms from UHV-MOT to a
magnetic trap, preparation of the atom cloud in trappable state
is necessary. To lower the temperature and increase the
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density of atoms in the UHV-MOT cloud, stages like
compressed MOT and optical molasses are implemented.
Subsequently, the optical pumping is implemented to
accumulate most of the atoms in a suitable quantum hyperfine
state (i.e.5S,,[F=2,m,=2) of "Rb atom in our case).

To further lower the temperature of atom clouds obtained by
laser cooling, evaporative cooling of atoms in the magnetic
trap is a very promising method. In this method, the higher
energy atoms from the trap are ejected by the application of
radio frequency radiation, leading to a decrease in the
temperature. Using the evaporative cooling process, the
temperature can be lowered to reach the critical temperature
to achieve the BEC of atoms (i.e. achieve phase-space density
~2.612).

5.1 Studies on phase-space density in the quadrupole
magnetic trap

In this section, we discuss the studies on changes that occur in
temperature, number density and phase-space density (p)
when a laser cooled atom cloud from the molasses is
instantaneously trapped in the quadrupole magnetic trap. The
phase-space density (p) of atoms in the magnetic trap is of
significant importance from the point of view of achieving
BEC (which occurs at p > 2.612), whereas the number density
governs the thermalization rate for the evaporative cooling. It
was observed that the maximum value of p in the magnetic
trap, after the atom cloud is transferred from molasses to the
magnetic trap, depends upon the values of parameters such as
temperature (7,) and size of the atom cloud (¢;) in the molasses
and the magnetic field gradient of the magnetic trap. It has
been shown that the temperature, number density and phase—
space density of atom cloud in the quadrupole magnetic trap
depend upon the value of magnetic field gradient (b) switched
on instantaneously for trapping the laser cooled atom cloud in
the quadrupole trap. The phase-space density in the magnetic
trap p, attains a maximum value at an optimum value of
magnetic field gradient in the magnetic trap [28, 29].

The peak phase space density in the magnetic trap p,(0) is

givenas,
> 2
(Zm,_q) e u
N'(upbh)® [

64+/275/29m3/2 ("L}Tt s K#Bbai)g/‘z

pr(0) =

where, N'is the number of atoms trapped in the quadrupole
trap, m is the mass of atom, g is the acceleration due to gravity
h is the Planck’s constant and « is the efficiency of transfer of
atoms from molasses to quadrupole magnetic trap.
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Fig. T.3.7: Measured variation in phase space density in the
magnetic trap with the quadrupole field gradient for two sets
of temperature and r.m.s. size of cloud after the molasses.

With increase in the b, p,(0) first increases and then decreases
after attaining a maximum value at a certain field gradient b.
The reduction in p(0) after the maximum value is due to
increase in the temperature of cloud in the magnetic trap and
saturation in number density with b. The temperature attained
finally in the magnetic trap increases with b due to increase in
potential energy gained by the cloud from the trap. For lower
values of b, the number density in the magnetic trap is low
which results in lower values of p,(0). Therefore a maximum
for p,(0) is obtained in its variation with the field gradient b. It
was evident from these results that measured values of p in the
magnetic trap also first increased with b and then decreased
with it, after attaining a maximum value at an optimum b. We
have demonstrated experimentally this behaviour for a set of
temperature and size of the cloud (shown in Figure T.3.7). The
results show that there is an optimum magnetic field gradient
for which the achieved phase space density in the magnetic
trap is maximum.

5.2 Formation of QUIC trap

The quadrupole trap though serves as the starting point for
magnetic trapping, has a severe shortcoming of leakage from
the centre of the trap. This shortcoming is removed by
introducing another coil. After the initial switching-on of the
quadrupole trap fields, the current in the quadrupole coils was
slowly ramped to 23 A in 500 ms to form the quadrupole trap
fully. After quadrupole coils current reaches the maximum
value, current in loffe coil was slowly ramped from 0 to 19.5 A
to convert quadrupole trap configuration into the QUIC trap
configuration. The variation in the magnetic field of
quadrupole coil, loffe coil, and the resultant field due to both
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coils with the position along the loffe coil axis are shown in
Figure T.3.8.
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Fig. T.3.8: Variation in the magnetic field of quadrupole coil,
loffe coil, and the resultant field due to both coils with the
position along the loffe coil axis. The inset shows the non-zero
field at the minima of the trap which removes the Majorana
losses of atoms in trapped cloud.

5.3 Evaporative cooling and occurrence of BEC

For evaporative cooling of “Rb atoms trapped in our QUIC
trap (shown in FigureT.3.9(a)), we apply radio frequency
(RF) radiation emitted from a single loop antenna kept at one
side of the glass cell with loop axis along the axis of
quadrupole trap axis (z-axis).

400

- 300

- 200

- 100

Position (CCD pixels)

0
Optical Density (arb. unlts)200

150

100

(b)

Position (CCD Pixels)

g,

Optical Density (arb. units)

Fig. T.3.9: The optical density image and its density profile
along the central line of the cloud for (a) cloud trapped in
QUIC trap, (b) condensate after RF evaporation.
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To scan the frequency of RF radiation, we used a logarithmic
variation in frequency with time to achieve efficient
evaporative cooling.

We have run a number of RF-evaporation cycles with
different ranges of frequency scan and with different powers
of RF source. After each run of RF-evaporation, the atom
cloud was imaged by absorption probe imaging method and
optical density image of the cloud was generated after
processing of the absorption image of the cloud. The cloud
was fitted with a bimodal distribution (composition of
condensate and non—condensate part) to find out occurrence
of BEC. The sharp peak at the centre of the cloud indicates
occurrence of Bose condensate in the cloud as shown in
Figure T.3.9.

6. Conclusion

The generation of ultracold samples of cold atoms serves a
starting point for various atomic physics and atom optics
applications. Here the description of a doubleMOT setup
comprising of VC-MOT and UHV-MOT is described. The
setup was used to generate and manipulate samples of “Rb
atoms having temperature in the regime of few hundred pK to
few pK. The transfer of atoms between two MOTs using
resonant and red-detuned push beam has been studied and
presented. The UHV-MOT cloud was transferred to a
magnetic trap formed by a quadrupole trap. The optimization
of magnetic field gradient had been performed. Further, the
atoms are trapped in the quadrupole-offe configuration trap
for removing the Majorana losses and achieving a longer life
time suitable for evaporative cooling. The cloud trapped in the
QUIC trap was subjected to RF evaporative cooling and Bose
condensate formation was demonstrated in the cloud.
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