PIXIE LCW Requirements
Bruce Hanna
Introduction
This is a first attempt to catalog the devices which will need cooling and estimate how much. In cases where someone has determined the required flow I will quote that number. Where no calculations have been performed I will estimate the flow from:

.
For scheduling purposes we want to have a functioning LEBT (at least up to the Allison scanners and a beam dump/Faraday Cup) by spring of 2013. This means we will need some kind of LCW for the LEBT before spring. This may be a temporary chiller if LCW is not available at CMTF.
Ion Source & LEBT
There will be 3 solenoids in the LEBT that will have a maximum current of 300 Amps. From A. Makarov’s design the coil resistance is 0.083 ohms which leads to a flow of 1.4 gpm for a 20 °C temperature rise. There is no requirement on the inlet LCW temperature but since the coils are impregnated with epoxy the temperature should not exceed 150 °F so the inlet should not be greater than 114°F.
The ion source will have 5 LCW circuits. From the Ion Source User Manual we find:
[image: ]
The total recommended flow is 4 gpm into a manifold with a recommended inlet temperature of 70°F and resistivity of 2-4 MOhm (D-Pace states that this ion source will be running at top power and the 20°C specification is needed to ensure good operation. In addition the inner chamber wall is thin and they report having seen this wall collapse when there is insufficient cooling). The above table is from Appendix C of the User Manual and the total flow number comes from page 29 of the User Manual.
The beam absorber, which follows the kicker, needs to dissipate 300 Watts and allowing for a 20°C temperature rise we would only need 0.1 gpm.
The scrappers that will be installed in or near the solenoids should have a similar flow although they should not see the full beam power.
Diagnostics which intercept the entire beam will need cooling. There will be two Allison scanners just downstream of the first solenoid, which will each need 0.1-0.2 gpm.
There is a switching dipole magnet that will bend the beam by 30 degrees. This magnet is not designed yet but I would suspect that 1 gpm would be sufficient.
An issue with such components as the beam absorber, the beam dump and the emittance scanners is that the beam size may be small so all the power is dissipated in a small region (i.e. high power density). I don’t know if a higher flow would help or not or if the design needs to get the water as close to the beam spot as possible.
RFQ and Associated equipment
The RFQ will operate CW at 130 kW. Besides the RFQ, there will be a circulator, two 75 kW RF sources and resistive loads. All will need LCW. The RFQ and circulator will need LCW that is well regulated while the RF source and resistive loads will not need stringent regulation.
Based on a modular 10 kW supply (which requires 6.6 gpm) I would estimate each 75 kW modular RF source to require something like 49 gpm which may be high (estimate 29 gpm for a 10°C temperature rise). The circulator would need something like 5-10 gpm of well regulated LCW. The resistive load, which would need to take the entire power, would require 25 gpm. Note that the RF source will be outside the tunnel while the circulator and resistive load would probably be in the tunnel close to the cavity.
The RFQ cooling requirements is documented by A. Lambert in the April 12, 2012, PIXIE RFQ Design Review. Here we find that the RFQ is divided into 4 sections and that for each section there are 8 wall and 4 vane cooling channels. The total flow is 2.2 gpm for the walls and 1.1 gpm for the vanes for each module for a total of 8.8 gpm for the walls and 4.4 gpm for the vanes. Each of the four sections then will have two independent water lines: one for the wall and one for the vane. Each of these lines will need a flow meter to insure there are no problems and that it is ok to turn the power on. In addition the Pi‑mode rods will need 0.01 gpm each and there are 32 rods.
MEBT
The MEBT consists of 25 quad supplies that will run dc. They are arranged in sets of doublets and triplets. If we assume each quad dissipates 400 watts, each quad would require less than 0.1 gpm. Each set of quads can probably be run in series (so we would have a total of 9 LCW circuits). Possibly more quads might be run in series to further reduce the number of LCW paths.
There will be 3 buncher cavities in the MEBT and these will need good temperature regulation in order to maintain resonance. We can assume that each will dissipate 4 kW which translates to 7.5 gpm for a 2°C temperature rise. Beside these cavities, there will be circulators and a resistive load associated with each cavity. The water can be run in series from the circulator to the load for each cavity. We can assume something like 5 gpm for each loop. Thus there would be a total of 3 cavity paths and 3 circulator/load paths. The rf source for these would probably need something like 6.6 gpm.
Associated with the MEBT chopper is a beam absorber. The design of this is being done by Curt Baffles. This system is being designed for an average power of 21 kW. Curt, in the 2012 April Review of PIXIE, came up with a requirement of 10 gpm. There will also be up to 8 scrapers each of which will need LCW. They will not need to dissipate the same power as the absorber so let’s assume something like 4 gpm per scraper.
The only beam diagnostics that will need cooling is anything used to physically intercept the beam (e.g.: emittance scanner). Like for the MEBT absorber, it would need something like 10 gpm. This estimate however does not take account of the beam spot size. Like for the LEBT diagnostics, all the energy can be deposited in a small area, which may lead to more stringent cooling requirements.
RF Sources
Besides the 75 kW rf sources for the RFQ and the three buncher cavities in the MEBT previously mentioned, the Linac has eight 162.5 MHz and eight 325 MHz cavities. Each cavity will have its own rf source. I am not sure what power levels these cavities will run at but if we assume it is not greater than 10 kW then we can say that each of the rf sources will not need more than like 6.6 gpm. Besides cavities there will also be solenoids and dipole corrector packages in the cryomodules. These supplies will not need any water cooling.
Linac and Diagnostic Line
While the cavities themselves are superconducting, each cavity will have associated with it a circulator and a resistive load. As with the buncher cavities in the MEBT, the LCW for each circulator/load combination can be run in series and 5gpm should be sufficient for each loop. There will be a total of 16 such systems.
The superconducting linac will have two cryo-modules containing cavities and magnetic devices. The only LCW needs for the Linac might be on the leads which go to the various magnets. The purpose of the water would be to keep the leads from freezing. I don’t know if the power leads for these devices have been designed, so it is not known how many power leads there would be or how much water might be needed. In the Tevatron the low current Low Beta power leads only ran 1-2 gpm so this should be sufficient. We can assume that each cryo-module will have two sets of power leads and each power lead will need 1 gpm.
There will be a spectrometer magnet in the line. This magnet has not been designed but will need cooling; we can say 2 gpm is not unreasonable.
The beam dump needs to absorb the energy deposited by 1.7mA of 30 MeV beam. This translates to 51 kW of power. The beam will be magnetically swept across the dump to reduce the average power per cm2.Thus 10-20 gpm should be enough for the dump.
Conclusion
Following is a summary of the various LCW circuits needed for the PIXIE project. Many of the flow numbers are guesses; detailed designs are needed to obtain better estimates. In addition nothing has been said about instrumentation for the LCW system. In general there should be vortex flow meters on each device so as to insure there is flow. In some cases, such as the RFQ and beam absorbers, we may also want some temperature measurements for calorimetry and protection reasons.
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