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6. Summary and Outlook

The TRIµP facility was built and commissioned as a multiuser facility. A va-
riety of radioactive beams has been produced with high purity. They were ex-
ploited in experiments of the TRIµP group and of outside users (see Tab. 4.2).

The interests of the TRIµP group concentrate on exploring possible physics
beyond the Standard Model [Onde 06]. Two directions are pursued. The first
one is to study β-decay of radioactive atoms, which allows to look for inter-
actions, that can not be explained within the Standard Model. The other di-
rection is to search for a permanent electrical dipole moment in heavy atoms
[Damm 06]. Both types of experiments are using Magneto Optical Traps
(MOT’s) to prepare cold samples of radioactive isotopes. The main subject
of this work is the production of Na isotopes and the neutralization and trap-
ping of Na atoms in a MOT. The β-decay studies will be performed with a
radioactive isotopes suspended in a MOT.

6.1 21Na Isotope Production

Extrapolating the yields of 21Na we have measured in this work, it should
be possible to produce up to 108 nuclei per second for 1 kW of 20Ne beam.
The complete list of production, transport and expected event rates is given
in Tab. 6.1 for 21Na. The production makes use of inverse kinematics, which
matches the separator acceptance. High purity radioactive beams (better than
99%) can be produced in the TRIµP facility. The reactions (p,n) and (d,n)
were studied as production mechanisms for 21Na. The reaction mechanisms
for isotope production are well understood and characterized.

The ions are decelerated to thermal energies in a thermal ionizer, which
operates with high efficiency. In the future the efficiency can be increased by
increasing the temperature of its inner cavity, where the fast secondary beam
is stopped. In addition, the stopping foils (currently 1 µm) will be made
thinner (0.75 µm). This modification will reduce the diffusion time in the
material and is expected to boost the efficiency of the thermal ionizer.
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98 Chapter 6: Summary and Outlook

6.2 Magneto Optical Trap

After production of 21Na and transport of the isotope through the separator
and the thermal ionizer, up to 107 particles are available at the position of
the MOT. Within this work an experimental method for loading of the MOT
with a Na ion beam was developed. The requirements for this accumulation
MOT are very different from those for the MOT needed for the β-decay
measurements. Therefore two different devices are used. This work focuses
on the accumulator MOT from which we will transport cold atoms to a β-
decay MOT. The β-decay experiment itself is carried out in this second MOT.

6.2.1 Neutralization

In order to trap particles inside the accumulator MOT they must be first
neutralized. The main characteristics of different neutralizer materials were
studied. It was found that Zr and Y neutralizers perform equally well. W
material is not suitable. For the fast desorption and release from the foil
surface it is heated to about 1000 K. Zr is preferred over Y due to the better
mechanical stability under high temperatures despite the higher operating
temperature needed. The results of this thesis have stimulated a project to
search for better materials than the ones which are known in the community.
They should have in particular low vapor pressure at the optimal operating
temperature.

6.2.2 Accumulator Trap

The critical factors in the design of the accumulator MOT were carefully
studied. To maximize the capture efficiency the walls of the cell are coated
with SC-77 dry film. This coating prevents permanent chemisorption of Na
atoms. In the current configuration atoms bounce on average 5 times before
they escape through the exit and pumping ports. The efficiency of the MOT
trapping is increased correspondingly.

The MOT population is monitored and measured by a photodiode observ-
ing the fluorescence. For imaging the MOT cloud on the photodiode we built
a system that minimizes light scattering from the glass surfaces. This system
allows us to observe as little as about 100 atoms in the MOT cloud.

The optimal temperature range for atom trapping on Y and Zr neutralizers
was identified. For Y the optimal temperature is around 1180 K and for Zr
it is 1400 K. The difference can be understood by the difference in the vapor-
pressures for these materials at a given temperature. This causes an increase
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of the background pressure inside the trap cell. The trap lifetime is inversely
proportional to this pressure. At lower than optimal temperature the trap
signal is limited by the release from the neutralizer. At higher temperatures
the capture efficiency increases, but because of increasing pressure the lifetime
of the MOT decreases. At this moment it appears that the capture velocity is
vc ≈ 10 m/s considering the trap efficiency of 10−4%. This can be improved
significantly by higher laser power, an improvement which is on its way.

6.3 Outlook

The best method for 21Na production is a (d,n) reaction with a primary beam
of 20Ne at 40-60 MeV/u. In order to maximize the production rate of 21Na
the pressure in the gas target has to be increased to 10 bar. The thickness
of the Havar windows on the gas target cell can be increased up to 20 µm.
In order to remain within the separator acceptance the 20Ne beam energy
must then have 40-60 MeV/u energy. A 21Ne beam on a proton target would
also be a good option, but it depends on the commercial availability of this
isotope. For the neutralizer we have tested only metal foils. As an alternative
one should also consider compound materials. There is an indication that
electrically conductive LiF at much lower temperatures (≈400 K) can work as
neutralizer. This would solve the vapor pressure problem and corresponding
studies are on their way.

For similar trap setups capture efficiencies as high as 1 % were reported
for the elements Cs and Fr [Rosa 03], [Lu 97]. In order to increase the effi-
ciency of the accumulator trap first of all it is crucial to increase vc up to its
maximum which is around 40-60 m/s. This would increase the capture rate
up to 1000 times. To increase the capture velocity the laser power must be
increased to allow for wider trapping beams and larger detuning of the laser.
A laser of 500 mW power and 2 cm diameter will be made available, which is
sufficient for achieving this large improvement. Because the capture efficiency
is proportional to the number of bounces of Na atoms inside the cell, a mod-
ification of the glass cell for the accumulator trap will be made. The ratio
of the area of the cell walls to the area of the exit ports must be maximized
in order to increase the number of bounces of Na atoms inside the cell. This
also allows for a larger overlap volume of the laser beams. By optimizing the
geometry of the cell a factor of 10 improvement appears possible.

The Na atoms should spend minimal time in the accumulator MOT be-
fore they are transported to the measurement MOT. This will in particular
minimize the losses due to high background pressure.
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In the decay MOT the measurement of the 21Na can take place. The
setting up of this device is in an advanced stage (see [Soha 07]). It is equipped
with all detectors necessary for the β-decay measurements. The efficiencies
for a 21Na β-decay experiment, which take into account nuclide production
and transport up to the decay MOT, are summarized in Tab. 6.1.

Stage in the Efficiency (%) Number of 21Na particles (1/s)
experiment

Production target 3 · 108

Separator 100 3 · 108

Thermal ionizer 50 1.5 · 108

Transport 50 7.5 · 107

Double RFQ 35 2.6 · 107

LEB 50 1.3 · 107

Accumulation MOT 1 1.3 · 105

Atoms transfer 60 7.8 · 104

Det. MOT collect. 80 6.2 · 104

Consequences for β-decay experiment
Detection system 10 6.2 · 103

Table 6.1: Estimated 21Na atom rates at various stages of a 21Na β-decay experi-

ment. For the calculations the maximum AGOR beam intensity of 1kW (2200 pnA

of 22.3 MeV/u 20Ne) is taken and 10 bar pressure for the gas target is assumed. The

last row gives the expected event rate in a β-decay experiment.

The expected event rate in a β-decay experiment for realistic experimental
parameters should allow the determination of β-decay parameters to a relative
accuracy of 10−4 in less than 1 day of actual running time (105 s = 1 day).
This will allow for careful systematic studies and also provide some room for
compensating lower efficiencies in stages of the experiment which at a given
moment may not perform optimally.

This work has demonstrated that β-decay experiments with high precision
are feasible for the TRIµP facility. In particular, one can expect from a
21Na experiment improved values for the β − ν correlation parameter a, the
parity violation parameter A and the time reversal violating triple correlation
parameter D with unprecedented precision.




