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Before starting up a target ion source with FEBIAD the vacuum in the target station should be below 2e-6 T on all vacuum gauges. Make sure the correct epics page for a FEBIAD source is selected. The cooling water should be on and all water interlocks for the source should be o.k. 

purging the gas lines.

Before starting any high voltage or heater the gas line has to be purged. To do so open make sure a strip tool with the readings from the vacuum gauges is running. ITW/ITE:SV6 and close it immediately again. Watch for a response on the vacuum. It may take up to a minute for the gauges to respond. Let the vacuum improve and repeat opening the valve for a short time until no response can be seen. Leave SV6 open and repeat the same procedure with ITW/ITE:SV5. Leave SV5 open and repeat the same with ITW/ITE:SV9. Close SV5 and SV9. SV6 should stay open.

High voltage conditioning should have been done up to a voltage 10% higher then the desired running voltage. The extraction electrode connection in the Faraday cage should be set to normal operation mode.

Before the target heater (ITW/ITE:TGHT) and the cathode heater (ITW/ITE:CHT) are raised the source voltages have to be set. 

1. Make sure ITW:FC5/ITE:FC7 is in.

2. Switch on high voltage on and raise it to the desired level (typically 28 kV). Set EE and optics to theoretical values, steerers to neutral.

3. Set the coil voltage limit to 1V and then set its current to 40 A. If this is the first time the source is started, this may result in an increase of the vacuum readings. In such a case wait for the vacuum to improve again.

4. Set the Anode current limit to 100mA and then set its voltage to 200 V. 

5. Set the CHT voltage limit to 4V.  Ramp up the cathode heater ITW/ITE:CHT to 250 A, using the ramping program with the standard parameters if not specified differently by the target ion source expert.

10A/5min for the first time, 10A/min afterwards

good vacuum 2e-6 T

bad vacuum 5e-6 T

6. Set the TGHT voltage limit to 8V.  Ramp up ITW/ITE:TGHT to the value specified by the target expert (maximum 580A) with the same parameters.

7. Now you should see some current on the Faraday cup and a few mA at the Anode. If not the cathode heater can be increased further up to a maximum of 300 A.

The anode voltage, coil current and cathode heater may have to be adjusted later on to achieve highest ionization efficiency for the desired isotope. 

After the first start of the source there is usually enough outgasing from the target, that there is no need for additional gas inlet to support the plasma. After some time of operation this may not any longer be sufficient. In such a case the output current for the desired elemnt has to be monitored while opening the variable gas leak valve ITW/ITE:VL. Make sure the setpoint is set to 0 and switch the valve on. Make sure SV6 is open as described above. Open ITW/ITE:SV1. Slowly increase the setpoint of ITW/ITE:VL to 6.0 in steps of 0.5. set step size to 0.05 and continue opening until you see a response either in the beam intensity or in the vacuum. Go back one step and wait 5 minutes for the source to stabilize. After this fine adjustment can be done using stepsizes of 0.01.

Beam tuning from a FEBIAD source.

As the FEBIAD source is a plasma discharge source the outcoming beam is not only composed of ions originating from the target but also from residual gas in the vacuum chamber. The plasma chamber is at a relatively low temperature. That means mainly elements, which easily evaporate or gases will be ionized. This includes also molecules and elements with a high ionization energy. That makes the source much less “clean” as for example a surface ion source. If a mass scan is performed one can find a beam at nearly every mass. The highest intensities are usually found at the main components of the residual gas C, O, N, OH, H2O, CO, N2, Ar, … with some more depending on the target material. Especially after proton beam has been send to the target every mass has to be considered contaminated, either directly by a radioactive isotope or by a molecule containing one or more. 

In order to tune the source parameters for some specific elements and to determine the ionization efficiency calibrated leak of some gases are installed at the gas handling system in the Faraday cages. As there may be interferences with the ionization efficiency or the background levels of the desired radioactive isotope, the target ion source expert has to approve any additional use of gas. Those gases can be used by opening one of the valves SV4, SV7, or SV8. As the leaks may have build up a high pressure in front of those valves they should be opened first with SV5 closed and SV9 to the ballast tank open. This will reduce the pressure. After about 1 minute SV9 can be closed again and SV5 opened to allow the gas to flow to the source. 

For initial tuning ions from the residual gas should be used. There are some differences compared to the tuning from a surface ion source to consider.

The ion energy is determined by the sum of the high voltage and the anode voltage. This is being taken into account by the mass changing program and by the mass display, but if the anode voltage is changed the magnet values are not changed automatically and have to be changed manually.

As the beam can contain several different components with a small mass difference the transmission through the mass separator may be reduced. For larger differences this can be seen in the emittance scan as two or more separated beams. However in most cases the differences are not high enough to be resolved. If possible a mass with only one dominant isotope should be used for tuning through the mass separator, even if it is not the highest intensity. A good candidate for most targets is 12C.

