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   A volume-cusp ion source is being installed at CMTF for the PXIE accelerator. This ion source is commercially available from D-Pace Inc. and is based on a design from TRIUMF in Vancouver, Canada. The ion source nominally operates at 30 kV and can provide up to 15 mA of H- beam. The plan at PXIE will only operate at up to 10 mA cw. It is planned to install and operate the ion source in the PXIE cave before the cave can be interlocked. This implies that we need to ensure that there are no radiation or high voltage hazards. The intent of this document is to indicate where these hazards are and what is done to mitigate them. Hydrogen safety is not discussed in this document. It is addressed separately in consultation with the Hydrogen Safety Committee . It is planned to begin operation, with the ion source only, sometime in the November/December time frame.
Radiation
   Figure 1 is a sketch of the Ion Source assembly and figure 2 shows a more detailed drawing of the Plasma and Extraction lenses, along with the corresponding picture. The primary source of radiation would be initiated just downstream of the extraction lens where there is a plastic insulator, made of Delrin, that isolates the ion source body, which is at the high voltage bias of -30 kV, from the vacuum box, which is at ground potential. In the extraction lens, which is biased to about 3 kV with respect to the ion source body, there are small permanent magnets that deflect electrons out of the H- beam. It is in this region that electrons from the plasma can be extracted and accelerated and thus would be a source of x-rays. Experience at TRIUMF has shown that there is significant x-rays produced above 25 kV. To combat this a copper ring is placed between the beam and the Delrin insulator. This copper ring is shown in figure 2. E-mails from TRIUMF discussing this problem and its solution is provided in Appendix A.  The intended purpose of this Cu ring is to protect the insulator from getting sputtered materal coated onto the inner surface of the insulator however it will also act as a radiation shield.
   Figure 3 is a picture of the ion source mounted to the vacuum box, the Delrin insulator is the white material on the right side of the picture. This ion source was operated at Berkeley for 2 years prior to being delivered to Fermilab. At Berkeley the ion source was installed in a cage that was locked during operation; this was for electrical safety only. Radiation measurements were made and no radiation was measured outside the cage (~1 m from the ion source body).
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Figure 1: Assembly drawing of the Ion Source

   However, being close to the limit conditions the Cu ring was designed for, there are enough uncertainties such that we will need to make careful radiation measurements before routine operation to ensure that there is no radiation hazard.
   It should be noted that, since there will be a protective cover over the entire ion source body (for high voltage personnel protection), it should be  possible to place some shielding material (e.g.: metal ring) around the insulator region to block any x-rays. For ease of maintenance and to keep the stand from being too cumbersome, we do not intent to place such a shield before the measurements show that it is in fact necessary. In this case, operation of the ion source will be delayed until such shield be installed and the radiation level re-measured.
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Figure 2: Picture of the plasma and extraction electrode assembly. Electrodes are made of copper. In white is the electrical insulator, which is made out of Delrin, an acetal homopolymer resin (i.e. thermoplastic).
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Figure 3: Ion Source showing the insulator (white piece)

Electrical Protection
   The ion source proper – not the vacuum chamber - will be biased to -30 kV (nominal) with respect to the building ground. Most of the power supplies for the ion source plasma generation and extraction systems (i.e. filament, arc, plasma and extractor supplies) will ‘float’ at the HV potential of the ion source. Therefore, we need an isolated relay rack for these power supplies and a isolated cable tray system between the relay rack and the ion source.
   The isolated relay rack, shown in figure 6, is powered from three 480VAC to 120VAC transformers located at the bottom of the low voltage relay rack (shown in Figure 5). These transformers have a protective plexiglass frame around them to prevent access to the transformers. The isolated high voltage section of the relay rack is interlocked to both the front and rear panels; if entry into the high voltage section is attempted while powered up, a shorting relay in the bottom of the HV rack is deenergized and shorts out the high voltage, the HV Bias power supply is turned off and the 480 VAC is deenergized via a relay in the 480 VAC starter panel.
   Since the power supplies needed to operate the source float at the bias voltage of -30 kV, the cables connecting the supplies to the ion source also float at -30 kV. There are 5 such cables and they will be run in a fiberglass cable tray with an aluminum screen surrounding it. This screen is made of .06” thick aluminum and is perforated to allow air flow. The holes have a diameter of .1875”. This cage will be connected to the building ground. This assembly is shown in Figure 4. Note that the cage is not yet complete in the picture; the “top” portion is not yet installed.
   The ion source itself will also have a protective plexiglass shield completely surrounding the ion source. All connections (water, hydrogen and cables) will go through this plexiglass shield and will be isolated. Routing of the cables are discussed above. The water connections will be done with the ‘standard’ orange plastic hoses used by the AD water group elsewhere, and the hydrogen connection will be done using a ceramic insulator. The design of this shield will be finalized once the ion source is in place. 
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Figure 4: Isolated cable tray with grounded barrier

[image: ]

Figure 5: Low Voltage non-isolated relay rack; 480 to 120 transformers are at the bottom (red ‘cubes’)
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Fig 6: High Voltage isolated relay rack
Appendix A
   The following is an e-mail between D-Pace and TRIUMF ion source experts concerning radiation for this ion source:
“Hi Gabriel,
Yes, radiation is a real problem if you go above 25kV. At 60kV it is about
50 microsievert/hr at 0.5m. TRIUMF sources have a thick Cu ring in between EE and Ground electrode. No radiation seen after installing the ring.
Keerthi"
 

A second email below, following our request for more information, indicates that we will be operating at the boundary where the ‘copper ring’ may not be quite sufficient to stop the X-rays:
“I spoke with TRIUMF last week about the x-ray generation issue. They confirmed that the copper rings in the attached drawing serve the dual purposes of:
1- Protecting the insulator from becoming covered with sputtered material from the ground lens
2- Serving as an X-Ray shield
You have these rings in the Ion Source D-Pace sold to Fermilab (provided someone has not removed them).
However, they stated that the copper rings are only meant to shield the x-rays generated by operation at up to 28 to 30kV 
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