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Abstract

We present progress towards measurements of total absolute collision cross sections of the 3P, metastable state and the
’D; excited state of neon with ground state noble gases utilizing a metastable neon magneto optical trap. The
measurement is achieved by observing the decay rate of the trap as a function of added partial pressure of a noble gas.
This technique will enable benchmark cross sections to be measured there by providing stringent tests of current
guantum mechanical scattering calculations.

Introduction

One of the main trap loss mechanisms in a magneto optical trap (MOT) is via collisions with thermal background
atoms. In this work we present how a MOT can provide a new technique to measuring atom-atom collision cross
sections. Collisions of atoms can either be an inelastic collision (including ionization where the metastable atoms are
de-excited out of the metastable state, thus removing them from the trap) or elastic collisions. Elastic collisions lead to
trap loss if there is sufficient momentum transfer from the background room temperature atoms. Loss occurs when a

trapped atom’s velocity becomes greater than the escape velocity of the trap. The scattering loss rate R, .. is given by

Rioss = %— =NVO
where n is the density of atoms in the background gas, g, is the elastic scattering loss cross section and V is the
average collision velocity (the thermal average of the background gas atoms) which is given by,
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where m is the mass of the background atom.

The technique is based on measuring the change in the decay rate of Ne* atoms from a trap as a collision species is
introduced into the vacuum where the trap exists. Determining the cross section only requires the trap decay and the
density of the background gas to be measured. The partial pressure of the added background gas can be measured using
a residual gas analyser. The technique used for these measurements is based on the measurements of the photo-
ionisation cross section of Ne* (Claessens B.J. et al 2006).

Apparatus and Procedures

The Griffith Ne* MOT apparatus

These experiments are performed on the Griffith University metastable neon magneto optical trap apparatus of which a
schematic is shown in figure 1. The metastable neon atoms are created by a liquid nitrogen cooled hollow cathode
discharge. By virtue of a skimmer and vacuum apertures the vacuum apparatus is differentially pumped from operating
pressures in the source chamber of low 10™ Torr to an operating pressure in the trap chamber of 10°® Torr.

From the source, the atomic beam enters the Zeeman slower. The Zeeman slower provides a tailored magnetic field
designed to Zeeman shift the energy levels of the trapping species, to compensate for the Doppler shift as the beam is
cooled by the counter-propagating red detuned slowing laser beam. Between the Zeeman slower and the trap chamber
is a pair of extraction coils for the purpose of transporting the atoms from the end of the Zeeman slower to the trapping
chamber. Extraction coils that provide a sharp cut off to the Zeeman slower field facilitate this. The beam enters the
trap chamber with a longitudinal velocity of approximately 25ms™ to be captured by the MOT.

The optical component of the MOT consists of three sets of counter-propagating red detuned circularly polarized laser

beams. The quadropole magnetic field component is created by two, 14 turn water cooled solenoids mounted inside the
trap chamber in an anti-Helmholtz configuration. At typical operating currents the field gradient provided is 50 Gem'™.
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Figure one: Schematic of the Ne* MOT
apparatus

The cooling transition used is the *P, — °Dj; state of neon at 640.4 nm which is closed ie decay from the °D; state is
only to the °P, state. The P, state is a metastable state with a lifetime of 14.7s (Zinner et.al. 2003). The trapping beams
are produced by a Coherent 899 single mode ring dye laser which outputs up to 700mW at 640.4 nm. This is frequency
locked to a saturated absorption signal. A single mode optical fibre is used to transport the light to the apparatus as well
as to spatially filter the beam. Before the trapping chamber the beam is circularly polarised and expanded to 1.25cm
diameter. Each trapping beam provides up to 6 times the saturation intensity of the transition (I,=4.1 mWcm™). The
slowing beam is generated by a Spectra physics 380D single mode ring dye laser with a typical output power of 250
mW and is also frequency locked to a saturated absorption signal and is transported to the experiment via a single
mode optical fiber.

The trapped atoms are absorbing and emitting photons from the trapping laser beams. These emitted photons are
observed as fluorescence. This fluorescence is proportional to the number of trapped atoms and it is this fluorescence
that is observed to make measurements of the trap dynamics, including monitoring its decay. The fluorescence of the
atom cloud is observed and measured using a 12 bit CCD camera mounted on the top of the trap chamber. The camera
is computer controlled using V++. The data is taken as sequences of images. An example of a decay can be seen in
figure 2. These sequences are then analysed using MATLAB. The analysis calculates the intensity of the images of
fluorescence and fits decay curves to this intensity information. A sample decay curve can be seen in figure 3. It then
proceeds to plot the resultant decay rates vs the density of the added gas to find the atom-atom collision cross section.

Figure two: A sequence of trap fluorescence images recorded during a trap decay
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Figure three: Sample decay curve of trap fluorescence.

Partial pressure calibration

This technique, is absolute and does not require the absolute number of trapped atoms, however the absolute partial
pressure of the collision species is required. To measure partial pressures this experiment requires a residual gas
analyser (RGA). The RGA consists of a quadrupole mass spectrometer. The partial pressures measured by the RGA is
calibrated using the dynamic expansion method (Umrath 1998) for each introduced gas.

Measurements

A noble gas is leaked into the chamber to perform scattering from Ne* atoms in the MOT. The decay of the trap is
measured as a function of the partial pressure of the introduced gas. The evolution of the number of atoms N(t) in the
trap as it decays (including interactions with an added gas) is given by

N () = Nge (" ")
Where Ny is the number trapped atoms in the steady state, I" is the loss rate from the trap mainly due to collisions with
other atoms and vacuum residuals and R, . is the loss rate from the trap due to the extra collisions between the Ne*

loss
and the added gas atoms. To determine R, I' is needed to be obtained which is just a decay curve measured without
the collision species. The decay rate without the added gas (I) is subtracted from the total decay rate with the added
gas present. These R values are then plotted against N/V (N is the number of background gas atoms and V is

volume of the trap chamber, which we calculate using the ideal gas law from the partial pressure of the added gas). The
slope of this graph yields the product of the average collision velocity and the collision cross section (UG ess). .

The trapped atoms however are not all in a single metastable state because both states of the cooling transition are
present in the atom cloud. So to provide accurate values for both states the two cross sections need to be separated from
each other. Both the metastable state and the excited state are populated. To separate the cross sections for the two

states (0'3P2 for the P, state and 0303 for the °D; state), the measurements needs to be measured for several known
excited state fractions. To achieve this, the collision cross section is measured as a function of trapping laser intensity.
At saturation intensity (with a measured cross section 0, sary ), the excited state fraction is maximised to a half of the
total population of the trap, and the intensity that increases the cross section should remain unchanged.
o =Tm, To

Tot(SAT) 2 2
At the limit of no trapping laser power (total cross section Ory g, ), the atom cloud will all be in the metastable state
(making the excited state fraction 0).

Otot(1=0) = T3p,
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By measuring the cross section over a range of trapping laser intensities we can extrapolate to the limit of no trapping
laser power. With these two known points the collision cross sections between the added species and the two species in
the trap can be determined.

Results
Preliminary results using argon as the added gas have been achieved and presented in figure 4 which shows R, as a

function of the density of the introduced gas. The Ne* Ar total absolute collision cross section yielded from the
gradient of this data is 1.3804x10™® A?. This data is for a mixture of the two states of neon present in the trap.

Collision Cross Section for Metastable Neon and Argon
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Figure four: The Ne* Ar total absolute collision cross section

Discussion
The preliminary results presented here confirm that this is a viable new technique for cross section measurements.

Measurements are currently in progress so that g, + 0, can be determined.
2 3

The technique’s accuracy is limited to uncertainties in partial pressure measurements as well as fitting measurements to
the decay curve however there are far less sources of errors than in previous cross beam measurements for metastables.
This technique also allows the measuring of the collision cross section of the excited state.

Conclusion

The Ne* Ar total absolute collision cross section yielded from this data is 1.3804x10™*® A% This technique should
enable benchmark cross sections to be measured there by providing stringent tests of current quantum mechanical
scattering calculations.
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