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Chapter 5

Conclusion

The TRIµP facility is designed to operate in two ways: In the first mode it fa-

cilitates the collection of radioactive isotopes in traps, which is required for the

precision experiments planned by the TRIµP group. In the second mode it is used

for production of various separated radioactive isotopes for experiments defined

by other users. The former utilizes all stages of the facility (Separator, Ther-

mal Ionizer, Radio Frequency Quadrupole cooler/buncher, and Magneto-Optical

Traps), whereas the latter experiments can be performed at various positions

along the beam line, for example at the end of the separator.

Three of the main experimental stages of the TRIµP facility, i.e. the Magnetic

Separator, the Thermal Ionizer, and the Radio Frequency Quadrupole (RFQ)

cooler/buncher system were designed, built, and successfully commissioned. The

experiments confirmed the expected qualitative behavior of the systems. The

results from the measurements were also used to draw conclusions about possible

future system improvements which could optimize the operation of the various

stages. These include improvements of the mechanical design of the Thermal

Ionizer allowing the system to operate at higher temperatures (above 2300 K)

which would result in faster extraction and possible changes of the separation

electrode design in the RFQ system currently limiting the total efficiency of the

cooler for light elements.

Production of sodium isotopes

Production of 21Na was used for the separator commissioning measurements

for verification of the separator design properties, such as angular and momen-

tum acceptances and momentum dispersion. Several different reactions involving

different primary beams and energies were used in the different commissioning
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runs (Table 5.1). This was also done in order to compare production rates and

to determine the optimal reaction for the β decay studies of 21Na.

Product Beam E [MeV/u] Reaction Target Rate [Hz/pnA]
20Na 20Ne 22.3 (p,n) H2, 3.2 mg/cm2 1.0·104

21Na 21Ne 43.0 (p,n) H2, 3.2 mg/cm2 3.2·103

21Na 21Ne 20.0 (p,n) CH2, 20 mg/cm2 -
21Na 24Mg 30.0 (p,α) CH2, 20 mg/cm2 -
21Na 24Mg 30.0 fragm. C, 23 mg/cm2 -
21Na 20Ne 22.3 (d,n) D2, 6.4 mg/cm2 1.3·104

Table 5.1: Radioactive beams produced and separated for the commissioning mea-
surements of the TRIµP facility.

The (p,n) reaction was used for 21Na production at two different 21Ne beam

energies, i.e. at 43 MeV/u and at 20 MeV/u. The reaction at 43 MeV/u produced

beam-like products with low momentum spreads due to the angular dependence

of the differential cross section. The products were mainly focused in forward

direction allowing transport of most of the isotopes within the acceptance of

the separator. The observed production rate at the Final Focal Plane (FFP)

of the separator was 3.2 kHz per 1 pnA of primary beam. The reaction at 20

MeV/u, a compound reaction, had a larger cross section but a wider spread

allowing transport of only a smaller fraction of the isotopes which led to a lower

production rate at the FFP.

A 24Mg beam at 30 MeV/u was used both with hydrogen and carbon targets

resulting, respectively, in a (p,α) and fragmentation reactions. Both reactions

gave low production rates at the end of the separator. The (p,α) reaction results

in a very broad momentum distribution of the products which exceeds the sep-

arator acceptance. The fragmentation reaction has a much smaller cross section

compared to the other production mechanisms.

A (d,n) reaction with a 20Ne beam at 22.3 MeV/u was employed using a

deuterium target (6.4 mg/cm2). The produced 21Na was focused in forward

direction with a momentum spread of ∼ ±1% which was entirely within the

separator acceptance (±2%) allowing the use of thicker targets. The reaction is

advantageous compared to the (p,n) reactions due to the higher production rate

at the FFP (≈ 13.4 kHz/pnA). Additionally, 20Ne gas is much cheaper than 21Ne

gas due to the low natural abundances of the 21Ne isotope.
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Thermal Ionizer ion catcher

It was decided to use a Thermal Ionizer (TI) for stopping of the energetic

ions. The first online tests of the system with 20Na (T1/2 = 448 ms) showed that

the extraction efficiency of the TI has the expected temperature dependence and

the maximal efficiency obtained for 20Na is 2.3 % at 2300 K. An estimate for the

corresponding TI efficiency for 21Na gives a value of 16 %. The main factor for

the low efficiency is the diffusion delay in the stopper foils. Thinner stopping foils

will be used in the upcoming runs to verify this suggestion. Additionally, higher

operation temperatures will be possible due to modifications in the design of the

TI heating elements.

RFQ cooler and buncher system

The Radio Frequency Quadrupole (RFQ) cooler and buncher system was com-

missioned off-line with a 23Na ion source. The commissioning shows that the

system can be used for cooling and bunching with a maximal storage time of a

few seconds in the buncher at present vacuum conditions. Baking of the system

will decrease the impurities and larger storage times are expected. The present

cooler+buncher efficiency of ≈ 32% for sodium is expected to be increased by

a new design of the separation electrode. The modified electrode will allow to

increase the radial confinement of the ions near the aperture.

Magneto-Optical Traps

The RFQ system is currently used for loading a “collector” Magneto-Optical

Trap (MOT) with 23Na ions [Rog05]. After commissioning of the MOT, both

systems (RFQ and MOT) will be placed at the magnetic separator beam line

together with the Thermal Ionizer. A Wien filter is considered as an intermediate

stage between the Thermal Ionizer and the RFQ in order to decrease the amount

of undesired ions in the RFQ, thereby reducing the space charge effects.

The last part of the TRIµP facility is a “decay” MOT [Soh05, Soh06] attached

to the collector MOT. The atoms from the collector MOT will be transferred to

the decay MOT where a complex detector system is being built for the detection

of the recoils and β particles. The TRIµP facility is expected to be completely

functional by the end of 2006. An estimate of the rate of 21Na β-decays for the

precision experiments of TRIµP including measured or estimated efficiencies of

the facility parts is shown in Table 5.2.
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Year 2006 Year 2007-

Experimental stage ε [%] 21Na rate [Hz] ε [%] 21Na rate [Hz]

Production target 1·107 3 · 108

Magnetic separator 100 1·107 100 3 · 108

Thermal Ionizer 16 1.6·106 50 1.5 · 108

RFQ cooler/buncher 32 5.1·105 60 9 · 107

Collector MOT 1 5.1·103 1 9 · 105

Decay MOT 20 1.0·102 20 1.8 · 105

Detection system 1 1.0·100 1 1.8 · 103

Table 5.2: Efficiencies ε of the different stages in the TRIµP facility and expected
rates of 21Na. The current production rate (Year 2006) is given for a 750 pnA primary
beam intensity (equivalent to ∼ 340 W for 22.3 MeV/u 20Ne beam) and 6.4 mg/cm2 D2

target. Primary beam intensity of 2200 pnA (∼ 1 kW) and ∼ 10 times target thickness
increase is expected in future (Year 2007-).

Outlook

Currently work is going on towards completion of the whole TRIµP facility,

which is expected to be fully functional by the end of 2006. First β-decay cor-

relation experiments with trapped radioactive atoms (21Na) are expected soon

after. Simultaneously, work is going on towards optical trapping of radium which

is required for the experiments searching for permanent Electric Dipole Moments

in fundamental particles.

In the frame of this thesis a radioactive ion beam facility for use at high ener-

gies (MeV/u) including state-of-the-art cooling devices for the secondary beams

was set up. Presently, the facility fulfills the requirements for the precision ex-

periments planned for the near future. Meanwhile, several user experiments with

radioactive beams are foreseen in the near future.




