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Abstract. This article presents a new experiment aiming at BEC of metastable helium atoms. It describes
the design of a high flux discharge source of atoms and a robust laser system using a DBR diode coupled
with a high power Yb doped fiber amplifier for manipulating the beam of metastable atoms. The atoms
are trapped in a small quartz cell in an extreme high vacuum. The trapping design uses an additional laser
(repumper) and allows the capture of a large number of metastable helium atoms (approximately 109) in
a geometry favorable for loading a tight magnetostatic trap.

PACS. 32.80.Pj Optical cooling of atoms; trapping

1 Introduction

The main goals of this experiment is first to produce a gas
of 4He atoms in the metastable 23S1 state with a density as
large as possible, and then to bring down the temperature
of the gas to ultralow temperatures. This experiment re-
places an earlier one based on the VSCPT cooling method
[1] which, despite the achievement of ultra low tempera-
tures, could not reach high phase space densities, due to
the small number of atoms being cooled. Let us mention
that several other groups are involved in experiments with
similar goals dealing with trapped ultracold metastable
helium atoms [2–4]. The present experiment, as well as
those of references [3,4], aim at achieving Bose-Einstein
condensation (BEC) by combination of laser cooling, mag-
netic trapping and subsequent evaporative cooling, follow-
ing the route successfully taken for BEC of alkali atoms
(Rb,Na,Li) since 1995 [5–7] and atomic hydrogen in 1998
[8]. A metastable helium condensate would be the first
one with atoms in an excited state of high internal en-
ergy (19.8 eV) and long lifetime (approximately 8000 s).
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It should be interesting to compare the properties of such
a gaseous dilute helium condensate to those of superfluid
liquid helium, dominated by interactions between parti-
cles. Helium BEC should be capable of forming a helium
atom laser as it was the case for alkali BEC. There are
many applications of such coherent matter waves. For in-
stance a metastable atom laser [9] could be a valuable
source for lithography [10]. Another application for he-
lium atoms is metrological [11], since its energy levels can
be calculated with a high degree of accuracy. Let us fi-
nally mention an interesting property of these metastable
helium atoms. They can transfer their high internal en-
ergy when they collide with surfaces or molecules. This
property can be used for highly efficient detection, almost
“one by one”, with good spatial and temporal resolution
[12], using microchannel plates for example.

It thus appears that the metastable helium atom dis-
plays appealing features as a candidate for BEC. Accord-
ing to theoretical predictions [13], the cross section for
elastic collisions between cold metastable atoms should
be large, ensuring rapid thermalisation for efficient evapo-
rative cooling in the magnetic trap. Furthermore, Penning
collisions which are the main source of inelastic losses in
a magneto-optical trap, are expected to have a rate slow
enough to allow the formation of BEC in a magnetostatic
trap. However, reaching BEC with metastable helium re-
mains uncertain. The predicted value of approximately
10 nm for the scattering length could be inaccurate as it
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Fig. 1. (a) Compact discharge source of
metastable helium atoms. The discharge
burns in the outlet channel and outside
the anode. The metallic anode is cooled to
liquid nitrogen temperature. (b) Zoom of
the outlet channel region. The source and
detection chambers are separated by the
skimmer.

is very sensitive to the details of long range elastic poten-
tial between atoms, which is not known to a high accuracy.
It should also be mentioned that the rates of the inelastic
collisions, which are likely to heat up and empty the trap
at low temperatures [13–15], have not yet been measured.
From an experimental point of view, one first needs to
trap a dense cloud of these atoms in an ultra high vac-
uum. A second step is to construct a strongly confining
magnetostatic trap. Thus, we choose to trap the atomic
cloud in a quartz cell of small dimension while having the
confining magnets external to the cell and close to the vac-
uum chamber. Section 2 of this article gives details of the
discharge source and of the optimal parameters chosen
to achieve a high flux of metastable helium atoms. Sec-
tion 3 shows the laser system consisting in a DBR diode
laser coupled with a high power fiber amplifier. Section 4
describes the laser techniques used to increase the bright-
ness of the beam of atoms, to deflect it from the beam of
ground state atoms and to slow it down in a spatially vary-
ing magnetic field. Section 5 demonstrates the advantages
of our particular trapping scheme.

2 The source of metastable atoms

2.1 Principle

The development of an intense and slow beam of
metastable helium atoms requires to solve several prob-
lems. First, helium atoms have to be efficiently excited to
the metastable state. Secondly, the beam has to be cooled
to a low enough temperature to avoid difficulties with the
subsequent deceleration, knowing that the small mass of
the atom results in a high velocity at room temperature.
In a previous experiment [1], metastable atoms were pro-
duced at a moderate rate by electron bombardment and
they were cooled down to liquid helium temperature. In
the present setup, a different strategy is used: metastable
atoms are produced in a gas discharge and cooled to liquid
nitrogen temperature, reaching mean velocities of approx-
imately 1000 m/s. It is known that the most efficient way
to produce high rates of metastable helium atoms is to
start with a pulsed or continuous gas discharge, where
atoms are excited to upper states by electronic collisions

and then decay to the long-lived metastable state. A frac-
tion between 10−6 and 10−4 of the ground-state atomic
flux can be produced in the metastable state with an in-
tense discharge. However, the heat generation in the dis-
charge makes it difficult to obtain both an intense and
cold atomic beam of metastable helium. Several attempts
[16–18] have been made to solve this problem. The source
developed at ENS results from a design which combines
several advantages of the sources developed by the other
groups. The setup is compact and robust and gives a re-
liable large flux of atoms, a significant number of which
have velocities below 1000 m/s.

All discharge sources for metastable helium consist ba-
sically of a gas reservoir filled with helium gas to a pressure
of a few tens of mbar. The discharge occurs between the
cathode inside the reservoir through the outlet channel to
the anode, placed on the high vacuum side, or directly to
the skimmer. The design of Fahey et al. [16] achieves low
gas temperatures by cooling only the nozzle with liquid
nitrogen. The source described by Kawanaka [17] makes
use of an elaborate scheme to cool down all of the source
and to remove the hot gas by a roughing pump. Similar
results have been obtained regarding fluxes reaching up
to 1014 atoms per second and steradian [16,17]. Veloci-
ties are found to be slightly above 1000 m/s in [16] and
slightly below 1000 m/s in [17]. For the design presented
here and shown in Figure 1, the complete source, includ-
ing the discharge electrodes, is cooled in a simple and ef-
ficient way. No additional effort such as removing the hot
gas is required. As a result the entire source is very com-
pact. A careful design of the shape of the electrodes and
of the gas outlet ensures that the discharge is partially
burning into the high vacuum (see Fig. 1) rather than in-
side the reservoir. This provides a high flux of metastable
atoms, as they do not hit walls at the place where they
are produced. The design is such that a reliable and sta-
ble operation mode has been achieved for several weeks of
continuous operation.

2.2 The source design

The source shown in Figure 1 consists of a cylindrical gas
reservoir entirely made of boron nitride, a material which
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has a sufficiently high heat conductivity as well as a high
electrical and chemical resistance. This material was al-
ready used by Fahey et al. for the nozzle of their discharge
source [16]. The external part of the gas reservoir is cov-
ered with vacuum grease for better thermal contact with
the copper cylinder cooled by liquid nitrogen, into which it
is pressed. A copper flange, held by an electrically isolat-
ing support of araldite and tightened by an indium o-ring,
closes the reservoir on the backside. The flange serves as
the inlet of the helium gas, as well as for the mount of the
cathode. The cathode is a stainless steel tip adjustable in
position during mounting. The distance between cathode
and anode is typically between 2 and 3 mm but it is not
found critical.

The particular shape of both electrodes allows them
to be centered with respect to each other by mounting
them on the reservoir. Particular care was taken to design
the gas outlet, a 2 mm long channel of 0.4 mm in diam-
eter drawn in the boron nitride reservoir and located in
front of the cathode. The outlet channel diameter is cho-
sen in such a way that a stable discharge and a high flux
of metastable atoms are reached, even at low operating
discharge currents and for gas loads adapted to the speed
of the pumps. It is directly followed by the anode, a 1 mm
thick aluminum disc with a hole of 0.4 mm in diameter.
A particular feature of the present design is that the an-
ode is cooled to liquid nitrogen temperature. For efficient
cooling it is tightly fixed on the copper container. Crucial
for reliable operation of the discharge is the cleanliness
of the cathode and anode. During operation both parts
suffer from impurities of the gas or from the oil vapor of
the diffusion pumps. Our design allows easy dismantling
of the source to clean the electrodes.

The material, the size, the depth and the alignment
are crucial for an efficient excitation of helium atoms. Best
performances were obtained with an aluminum anode with
a hole of diameter at least as large as that of the outlet
channel in the boron nitride reservoir. This ensures that
the electrical field lines reach into the source chamber (see
Fig. 1b), so that the discharge extends also into the vac-
uum at the source exit. The cylindrical design and the
length (30 mm) of the reservoir have been chosen such
that no parasitic discharge can occur competing with the
discharge at the source exit when operated in a pressure
range of 10 torr. The source reservoir is filled with gas via
a plastic tube, which isolates the source from the vacuum
chamber. A throttle valve in front of the gas inlet keeps
the pressure high in the gas tube and suppresses para-
sitic discharge in the tube. To avoid contamination of the
source, the helium gas is filtered with charcoal.

2.3 Measurement of the atomic flux and velocity

The source has been tested in a vacuum apparatus con-
sisting of two vacuum chambers (see Fig. 1), one for
the source and one for the beam diagnostic. Both cham-
bers are separated by a skimmer (1 mm diameter) and
evacuated by diffusion pumps (pumping speed of ap-
proximately 800 l/s) equipped with liquid nitrogen traps.

e-

metastable helium beam

Channeltron

Electron

Pico-
ammeter

Oscilloscope

Fig. 2. In situ detection of the atomic beam.

During operation the pressure in the source chamber rises
to approximately 10−4 mbar, in the detection chamber to
approximately 10−6 mbar. To characterize the atomic
beam an in situ detector was constructed, consisting of
a gold mirror and a channeltron (Fig. 2). Upon collision
with the mirror surface, metastable atoms decay down
to the ground state and release one electron out of the
surface, with a high efficiency [19]. Assuming that each
metastable atom hitting the mirror releases an electron,
one gets a lower limit for the atomic flux by measuring
the current with a picoammeter. The metastable beam
can also be pulsed with a mechanical chopper, in order
to perform time of flight measurements. In this case, the
current on the gold mirror is too weak to be detected. The
released electrons need to be accelerated towards a chan-
neltron which detects the amplified current. The pulsed
signal of the channeltron is then sent to an oscilloscope
to record the time of flight distribution. To separate the
metastable triplets 23S1 from other species produced by
the discharge (UV light, ions, metastable singlet 21S0),
the beam is collimated by diaphragms, and deflected by
a laser beam tuned to the 23S1 → 23P2 transition (see
Sect. 3). From the time of flight measurements with and
without deflection, it has been observed that the source
essentially produces metastable atoms which are in the
triplet state. We assume that the singlet state atoms are
quenched by the radiation emitted by the discharge.

2.4 Choice of discharge current and pressure

The efficiency of the source depends on a large variety
of parameters: the gas pressure and temperature, the dis-
charge current, the purity of helium and the geometry
of the discharge. All these parameters have to be care-
fully optimized to obtain the highest maximum flux with
moderate heating. The discharge current and the pressure
inside the gas reservoir were separately varied as shown
in Figure 3. For a given pressure, the production rate of
metastable atoms increases linearly with the current up
to 4 mA (Fig. 3a). For higher currents the rate starts
to saturate. With increasing current, the gas temperature
rises locally in the discharge region due to resistive heat-
ing resulting in a higher atomic velocity (see Fig. 3c). A
current of approximately 6 mA was chosen as a compro-
mise between high flux and low velocities. In Figure 3b,
there are two regimes for the pressure. At lower pressures,
an increase of pressure inside the reservoir results in an
increase of the metastable helium flux. At higher pres-
sures, an increase of pressure inside the reservoir leads



72 The European Physical Journal Applied Physics

P=1.25 10-4 mbar

900

950

1000

1050

1100

0 2 4 6 8 10 12 14 16 0,5 1,0 1,5 2,0 2,5 3,0

Pressure (10-4 mbar)

I=6mA

94

96

98

00

02

04

0

0

0

1 0

1 0

1 0 I=6mA

Pressure (10-4 mbar)

Discharge current (mA)

0,5 1,0 1,5 2,0 2,5 3,00 2 4 6 8 10 12 14 16

Discharge current (mA)

P=1.25 10-4 mbar

a) b)

c) d)
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(b) and (d) for a current of 6 mA. Note:
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to a decrease of flux due to quenching of metastable he-
lium atoms by collisions between metastable atoms in the
nozzle region and by collisions with the background gas.
Eventually, if the pressure is increased above the back-
ground pressure of 3× 10−4 mbar, the metastable helium
beam can be completely quenched. For the vacuum setup
described above, the optimum pressure was achieved at
approximately 10−4 mbar. After optimization of all pa-
rameters of the atomic source, fluxes of triplet metastable
atoms of about 2 × 1014 atoms/s/steradian were found,
with a mean velocity of 1000 m/s. Using this highly com-
pact source, the measured values compare well with those
obtained in other experiments [16–18].

3 The laser system

Earlier experiments on laser cooling and trapping of he-
lium at 1083 nm (transition 23S1 → 23P2) were performed

using a LNA ring laser, pumped by an argon ion laser
[20]. In this experiment, we use an optical amplifier based
on ytterbium doped fiber (IRE-POLUS) and seeded by a
diode laser at 1083 nm. This laser source is especially effi-
cient for manipulating metastable helium atoms. Histori-
cally, the first ytterbium fiber amplifier was developed and
characterized in a single stage low amplification configura-
tion [21]. Later, a double core prototype of this MOPFA
system (Master Oscillation Power Fiber Amplifier) was
built by Chernikov [22]. The laser system used in the
present experiment is shown in Figure 4. The seed laser is
a single mode DBR laser diode (SDL-6702-H1) emitting
at 1083 nm and delivering a maximum power of 50 mW.
The line width of the laser diode is reduced from 3 MHz
to 250 kHz by an external cavity using a semireflecting
mirror of transmission 80%, as has already been observed
[23]. The laser diode is coupled into the fiber amplifier
using bulk optics. Two optical isolators providing a total
isolation of 60 dB prevent optical feedback in the DBR
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diode. In addition, a set of two birefringent plates (λ/2
and λ/4) of adjustable orientation compensates for the
birefringence of the amplifier, which slightly varies with
temperature changes and mechanical stress. This adjust-
ment provides the proper linear polarization at the output
of the amplifier. An additional 30 dB optical isolator is
placed at its output because the amplifier is sensitive to
feedback from the experiment. The Yb doped fiber ampli-
fier consists of two amplification stages, both pumped by
diode arrays operating at 970 nm (V-groove side pump-
ing). The second amplifying stage (called booster) is de-
signed for 600 mW saturated output power. It consists of
a double clad fiber (DCF) with an optimized bidirectional
side pumping. The angle polished connector (APC) at the
output end prevents the amplifier from oscillating. An in-
put power of 1 mW is sufficient to saturate the amplifier
and achieve performances independent of the input level.
The amplifier provides a collimated beam in a TEM00

mode of 0.4 mm waist.
A preliminary study of the frequency noise of the laser

source was performed using an autocorrelation setup and
an heterodyne detection. It was found that the fiber am-
plifier did not cause additional noise to the frequency spec-
trum of the injection diode when the diode is frequency
narrowed in an external cavity.

The laser diode is locked −240 MHz away from reso-
nance by saturated absorption in a low pressure discharge
cell. The fiber-laser light is split up into four independent
beams (see Fig. 4): the first one is used to collimate and
deflect the atomic beam, the second one to slow the beam
down, the third one to trap the atoms, and the last one
to probe the trap (see Sects. 4 and 5). Required frequency
for each arm is set by acousto-optical modulators used in
a double-pass configuration.

4 Laser manipulation: collimation, deflection
and deceleration

The need for extremely high vacuum in the present exper-
iment requires that the intense ground state helium beam
is prevented from reaching the cell. The metastable beam,
initially merged with the ground-state beam, has then to
be spatially separated and directed towards a different axis

than the nozzle-skimmer axis. Radiation pressure forces
are used for this purpose [24]. For the collimation and the
deflection, a power of 75 mW of laser light is used (beam
B1 in Fig. 4). This power is split in three: the first one for
vertical collimation, the second one for horizontal colli-
mation and the last one for deflection. The effusive beam
coming out from the source is highly divergent (0.1 rd)
and has a uniform spatial intensity profile. Collimation
is thus performed slightly off axis, 1◦ upwards with re-
spect to the horizontal axis. Two apertures (a diaphragm
and a tube) placed off axis selectively block the ground
state beam while allowing the metastable state beam to
be deflected by the laser in order to pass through (see
Fig. 5). The circular aperture (Ø = 5 mm) and the sep-
arating tube (Ø = 1 cm, length 10 cm) are 1.2 m apart
from each other. They define the new axis of the exper-
iment starting 5 mm above the nozzle-skimmer one all
the way down towards the cell. The separating tube pro-
vides differential pumping in the chamber connected to
the main slowing magnet and pumped by a turbo molecu-
lar pump (1000 l/s). We use a vertically movable Faraday
cup (Ø = 7 mm) located 1.15 m downstream from the
nozzle to monitor the intensity of the metastable helium
beam (detector D1 in Fig. 5). For the collimation of the
atomic beam in the two transverse directions, we use the
so-called “zig-zag” configuration of the laser beam [24]. It
requires a resonant beam (Ø = 8 mm) reflected between
two mirrors (3 × 15 cm) slightly tilted from being par-
allel and crossing the atomic beam about 10 times. The
capture range of the transverse velocity is approximately
20 m/s. The increase in the metastable flux is measured on
a picoammeter (Keithley) connected to the Faraday cup
D1. Although “white light” can provide efficient collima-
tion [24], we did not use it to prevent the broadening of
the laser-source linewidth which has multiple functions in
the experiment. To deflect the collimated beam, we used
a curved-wavefront laser beam in a ribbon shape at reso-
nance. The optimized radius of curvature is of 5 m. The
deflection keeps the beam collimated with nearly 100%
efficiency.

The second Faraday cup D2 (Ø = 8 mm) (see Fig. 5),
located 2.4 m away form the tube entry, is used to op-
timize the flux of the collimated-deflected beam. Typical
currents measured on D2 are of 20 nA to be compared
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with 1 nA measured on D1 when the metastable beam
is neither collimated nor deflected. This corresponds to a
collimated flux of approximately 2× 1011 atoms/s.

To characterize the velocity of the pure triplet
metastable beam, we performed a time of flight measure-
ment. We used a resonant laser beam (Ø = 1 cm) with
a light chopper, crossing at right angle the collimated-
deflected metastable beam, and a channeltron mounted
besides the Faraday cup (D2). The light beam acting as an
atom pusher is hidden for a short time period (50 µs) every
10 ms. We recorded the time of flight spectrum and found
a peak velocity of 930 m/s and a relative spread (FWHM)
of approximately 30%, which is significantly lower than for
the uncollimated beam: this shows that the collimation-
deflection process acts more efficiently on slow atoms be-
cause their interaction time with the laser beams is longer.
The metastable helium beam is decelerated by the Zeeman
tuning technique [25]. For this purpose, a laser beam with
15 mW of total power is increased to a diameter of ap-
proximately 2 cm, with a right circular polarization and
a detuning from resonance of δslo = −240 MHz. The laser
beam enters the cell and propagates anti-parallel to the
atomic beam. It is resonant with atoms having longitu-
dinal velocity of 1000 m/s at the entrance of the first
Zeeman slower. This first Zeeman slower has a length of
2 m, an inner diameter of 2.2 cm and a field of 540 G. At
the end of this first Zeeman slower, the atomic velocity
is approximately 240 m/s. The second Zeeman slower is
approximately 15 cm long with an enclosed tube of 40 mm
inner diameter and creates a field going from 0 to −140 G.
The atoms are slowed down to a final velocity of 40 m/s
as they exit the second Zeeman slower. A compensating
coil minimizes the magnetic field leakage from the second
Zeeman slower into the cell region.

Control of the successive decelerations was done by a
Doppler sensitive absorption spectroscopy method, using a
laser-probe beam crossing the cell with an angle of approx-
imately 20◦. Time of flight measurements of the unslowed
beam were used to calibrate the Doppler detuning with re-
spect to the atom velocity. Velocity measurements are in
good agreement with simulations of the slowing process.

5 The trapping scheme

5.1 The laser beams geometry

In order to optimize the number of trapped atoms in the
MOT, we use a far detuned (δmot/2π = −45 MHz) and
high intensity laser (total intensity I = 50 mW/cm2)
(beam B3 in Fig. 4). This laser detuning minimizes in-
elastic Penning collisions between atoms in the 23S1

metastable state and atoms in the 23P2 excited state [3,
26–28]. Our scheme aims at trapping the gas at the cen-
ter of a quartz cell of high quality commercially available
from Hellma (5 cm × 5 cm × 4 cm). We use large diame-
ter laser beams (Ø = 2 cm) in order to capture a large
number of atoms. The MOT is as close as possible to
the slowing magnet end to allow a higher loading rate.
The MOT beams are 6 independent laser beams crossing
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Fig. 6. MOT setup. The MOT beams are perpendicular to
the surfaces of the quartz cell. The trapping scheme requires
an extra laser, the repumper (R), which is superimposed to the
Zeeman slowing (ZS) and MOT beams along the axis of the
atomic beam.

the cell perpendicular to its faces. The two MOT beams
along the z-direction (see Fig. 6) are nearly superimposed
with the slowing-laser beam and merged with the atomic
beam. The σ+ MOT beam is directed by the mirror M at
45◦ incidence and the glass viewport placed on the vac-
uum chamber 1 (see Fig. 5). It propagates along the z-axis
through the vacuum chamber and the Zeeman slowers.
The two contrapropagating beams along the z-axis are fo-
cused onto the mirror M with an edge separated by 1 cm
from the center of the atomic beam. In this geometry, both
the σ+ and the σ− MOT beams along the atomic beam
axis affect the slowing process. Consequently, several pre-
cautions such as the use of a repumper beam are required
for optimization of the MOT as explained in the following
section.

5.2 Optimization of the MOT

On one hand, the σ+ MOT beam along the z-axis is res-
onant with the atoms at a given position in the slowing
magnet. It can thus be absorbed by the atoms and accel-
erate them. On the other hand, the σ− MOT beam along
the z-axis is likely to depolarize the traveling atoms at
another position. These two effects have to be corrected
for. The detuning of the slowing beam from resonance is
δslo/2π = −240 MHz from resonance (beam B2 in Fig. 4).
During the slowing process, the velocity of the atom de-
creases according to the following equation (1)

δslo + kv = µbB/h̄ (1)

where B and v are the projections along the z-axis of
the magnetic field and the atom velocity respectively. The
atoms are spin polarized in the mJ = +1 level during
the slowing process, cycling between the states 23S1, gs =
2,mJ = +1 and 23P2, gp = 3/2,mJ = +2 (see Fig. 7).

The σ+ MOT beam, parallel to the atomic beam (see
Fig. 6), can also induce transitions between these magnetic
sublevels, if the following resonance condition is fulfilled:

δmot − kv = µbB/h̄. (2)
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bring the atoms back into the mJ = +1 sublevel and restore
the slowing process.

Equations (1, 2) are both satisfied for

2kv+ = δmot − δslo (3)

which gives v+ = 105 m/s. So, when the velocity becomes
v+, which occurs before the end of the slowing process,
in the second part of the Zeeman slower, the σ+ MOT
beam accelerates the atoms. The net effect results from
the intensity unbalance between the σ+ MOT beam and
the slowing beam. If the intensity of the slowing beam is
less than the MOT beam intensity, the σ+ MOT beam
accelerates the atoms so much that the slowing process is
stopped. One needs to adjust the intensity of the slowing
beam to be higher than the intensity of the MOT beam
to prevent this undesirable phenomenon. We typically use
15 mW/cm2 for the slowing beam, which corresponds to
1.5 times the intensity of each of the MOT beams.

In addition, the σ− MOT beam along the z-axis can in-
duce transitions between 23S1,mJ = +1 and 23P2,mJ =
0 sublevels, which depolarize the atoms when they decay
to the 23S1,mJ = 0 and mJ = −1 sublevels (see Fig. 7).
Once the atoms have decayed, they are no longer resonant
with the slowing beam and the slowing process is stopped.
This actually happens when the following resonance con-
dition is fulfilled:

δmot + kv = −2µbB/h̄. (4)

Equations (1, 4) are both satisfied for

3kv− = −(δmot + 2δslo) (5)

which gives v− = 190 m/s. This velocity is also reached
in the second part of the Zeeman slower. To avoid this
problem, we repump the atoms from the mJ = 0 and
mJ = −1 sublevels back to the mJ = +1 sublevel. Two
repumping beams are both σ+ polarized and resonant
with the transitions 23S1,mJ = −1 → 23P2,mJ = 0
and 23S1,mJ = 0 → 23P2,mJ = +1, at exactly the
same magnetic field and the same atomic velocity at which
the depumping happens (see Fig. 7). One calculates that
the required frequencies are detuned by −272 MHz and

−305 MHz from the atomic resonance at zero magnetic
field. To generate the required frequencies, we lock a
unique additional DBR laser tuned −289 MHz from res-
onance. We RF-modulate the diode current at 16 MHz.
This generates sidebands into its spectrum. The level of
modulation is optimized to get the maximum intensity
into the first two lateral sidebands, whose frequencies are
those required for repumping. The power in the repump-
ing beam is approximately 20 mW. It is checked using
the absorption measurement explained earlier that the re-
pumping process brings back nearly the same flux of slow
atoms as in the absence of the MOT beams.

5.3 Characterization of the MOT

The atoms are finally confined in a magneto-optical trap.
Two cylindrical coils, separated by 5.2 cm along the y-
axis (see Fig. 6), create a magnetic gradient of 40 G/cm
along the symmetry axis for a given current of 5 A. The
repumper beam typically increases the number of trapped
atoms by a factor of 3. Losses are dominated by intra MOT
Penning collisions [3,26–28]. In this regime, the number
of trapped atoms goes as the square root of the load-
ing rate. This increase in the number of atoms implies
that the loading rate goes up by a factor of 32 = 9. Us-
ing the repumper beam, we routinely trap approximately
109 atoms, in a volume of 0.1 cm3, at a temperature of
approximately 1 mK. The temperature is measured by a
time of flight technique [28]. The number of trapped atoms
is inferred from the measurement of the absorption in a
1 cm diameter probe laser beam, intense enough to satu-
rate the transition. The size of the MOT is measured by
absorption imaging on a CCD camera.

6 Conclusion

In this article, we report on a new experiment aiming at
reaching BEC with metastable helium atoms. We demon-
strate the efficiency and the robustness of a new discharge
source of metastable atoms and of a bright laser setup
using a high power fiber amplifier at 1.083 nm for the ma-
nipulation of atoms. For the MOT the original trapping
scheme requires an additional laser beam used to repump
the atoms during the slowing process. The atomic cloud is
trapped at the center of a small quartz cell. The present
setup has several advantages. First, it gives a good op-
tical access to the atomic cloud. This allows to further
trap atoms in a strongly confining magnetic trap placed
as close possible to the cell as. Secondly, it allows to reach
extremely low pressures inside the small volume of the
cell. However, the present setup makes it difficult to use
ion detectors or channel plates to detect the metastable
atoms. Further developments of the experiment could in-
clude such detectors in an appropriate cell. Detection is
performed in the present setup by purely optical means.
The infrared line or other visible lines for which CCD cam-
eras have a better efficiency can be used for detection. The
present experiment allows to routinely trap approximately
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109 helium atoms in the 23S1 metastable state inside a
MOT of 2 mm rms radius.

The setup is currently being modified to add mag-
netic coils for a magnetostatic trap that will be used in
the search for BEC. This Ioffe type trap consists of three
asymmetric coils plus two large compensation Helmholtz
coils, giving a field configuration similar to the QUIC trap
[29]. The gradients are approximately 280 G/cm, the cur-
vature is 200 G/cm2 and the depth 33 mK for a current
of 50 A. Before loading in the QUIC trap, the atoms will
be first cooled into a molasse phase, where the field gra-
dient of the MOT is turned off, which should allow to
reach lower temperatures (100 µK). When a large den-
sity of ultracold atoms is loaded into the Ioffe trap, it will
be possible to check the theoretical predictions of [13,14]
on elastic and inelastic collision rates between metastable
atoms at very low temperature. The measured collision
rates will then indicate whether one can achieve BEC us-
ing evaporative cooling, as successfully used with alkali
atoms.

The authors thank C. Cohen-Tannoudji for very helpful dis-
cussions, and for his input in the experiment.
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