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Abstract 

This note describes one possible modification of present Fermilab Linac. To reduce maintenance requirements of 750keV pre-accelerator system we propose replacing Cockcroft Walton accelerators with single RFQ accelerator. 
Introduction
At present, Fermilab Linac uses Cockcroft-Walton accelerator as injector. The H- beam is extracted from the ion source with extraction voltage of ~20kV and injected into Cockcroft-Walton accelerator and accelerated to the 750keV. This DC beam is then bunched using 201MHz single gap cavity and injected into linac for additional acceleration. To insure operations with minimal down-time there are two separate Cockcroft-Walton systems, two ion sources and two transfer beam lines. The whole pre-accelerator system is very complex and requires special expertise and continues maintenance by dedicated group of staffers. This system is very reliable and has ensured very successful operations of Linac for last forty years. The motivation to replace it is based on the fact that RFQ is less demanding system, simpler to maintain, much more compact, accessible during operations, and from operational point a view, just another RF system in the Linac complex.  [image: image1.jpg]



Photo 1. Transfer Line, 90Bend (Yellow) to the entrance to the linac that will be replaced.
In the rest of the note we describe new system and the way how painlessly can be incorporate in present operations.
750keV Accelerator system

The system that we envision consists of two H- ion sources, low energy transport line and RFQ accelerator. The whole system should be about 2.5 meters long, so that it can be dropped in place between I-coulomb and entrance to the Linac, See Photo1. The length of RFQ that we poses is 1.2 meter, LEBT as design for HINS is 0.6 meter and ion source that is presently design for HINS is 0.6 meters. The new system can be built as one unit, and fully tested off line. The removal of existing transfer line elements and installation of new system can be done in few days. This also means that in the case of some not foreseen difficulties, we can go back in exiting configuration and recover in few days. The whole installation and recovery can be done during planned shutdown whose duration is one week or longer.   
a. Ion Source
For last thirty years Fermilab have been using magnetron type H- ion source. In operations beam is injected in the coulomb after ninety degree bend magnet. Bend magnet is needed for generation of H- beam and removal of free electrons. 
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Figure 1. The yellow box is 25.4 cm long.
At present there is source development at Fermilab with beam injection along strait line and magnetic field right inside of the source. The new source has similar structure as Brookhaven source ant it is developed as source for HINS project. The whole source will be housed inside of 25cm cube with beam extracted energy of 50keV. For this application extraction energy will be lower. The HINS source is developed as 5Hz, 40mA, 1msec pulsed source and for this application, operational parameters are less demanding; 15Hz, 40mA and 100usec.

The other option is to use existing source as it is with ninety degree band and put source on the side in the corridor. In this case extraction voltage and aperture of the source has to be modified accordingly to insure round beam at 30keV. If this configuration is chosen, then two vacuum valves are needed, one at exit from the source and other at entrance to the RFQ.  Figure 2 shows concept with extraction dipole being part of LEBT,  LEBT with solenoid and RFQ..
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Figure 2. Concept where source extraction magnet is part of LEBT. The figure shows, whole system with LEBT and RFQ.

b. LEBT
The low energy beam transport (LEBT) system connects Ion Source with RFQ and it is used to match beam parameters of the source and RFQ. As in the note that describes LEBT for HINS, here we make design choice and use single solenoid with adjustable position to tune the beam to the RFQ. 
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Figure 3.

 The line has one solenoid [4], two trim magnets, two vacuum valves with pumping ports, and a quick disconnect before the second vacuum valve, as shown in Figure 4. The ion source, which is held at negative high voltage, the grounded column terminal that contains the ion source, the first correction trim magnet package, the first vacuum valve, and the solenoid make up the first unit.  The second vacuum valve and the second correction trim magnet package are attached to the RFQ and are a second, separate unit.  The main pumping ports are on the grounded ion source container and on the body of the RFQ.  The two units are connected together using quick disconnects and the two pumping ports on the gate valves are used to quickly pump down the interconnecting region to operational pressure.  The Solenoid has an inner bore radius of 50 mm and can be moved along the beam pipe between the first gate valve and the quick disconnect.  The total length of beam transport from the source aperture to the matching point of the RFQ is about 700 mm.  The distance from the quick disconnect to the RFQ matching point is about 100 mm. There is solenoid build for PET project and intention is to design LEBT around that magnet, see Fugure 4.
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Figure 4.
c. RFQ

In 1987 Fermilab obtained RFQ that was built by A. Schempp, University of Frankfurt. This RFQ was operated with 30mA H- beam at DESY and with new rods it was powered with ~130kW, 201MHz RF at Fermilab. Presently it is used as display object, Figure 5.
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Figure 5. 201MHz RFQ as displayed.

 It will be nice to re-commission it and run it with H- beam. Design RFQ parameters are:  input energy is 30kV, for 50mA beam, with final energy of 750keV RFQ is using 130kW of 201MHz. The cavity will be powered using driver from old linac station.
FQ length is 120cm, radius is 30cm. Distance from entrance to the Tank #1 to center of 90 bend is 200cm. 

	Field (kGauss)
	4.89

	Magnet length(meter) 
	1

	Bending Angle((rad)
	0.017

	Turn_Amper(kAmps)
	22.1

	Magnet Gap(cm)
	5.8

	Pole tip width(cm)
	9.

	Rise Time(uSec) for full field
	59.

	Assumed Voltage(kVolt)
	1

	
	


All four magnets can have same body with one magnet having additional current sheet like in the drawing below. 
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Version 3

In this scheme it is assumed that fast septa pulse magnet can be build without current sheet between high field and zero field regions. It is assumed that before extraction time Bex system is pulsed and the beam is pushed in lower half of the man D magnet, then fast septa is pulsed just before kicker is fired. The circulating beam is in zero field region, before extraction. Kicker moves beam in high field region and than beam is bended up ward and extracted. 
The figure bellow shows magnet as two C magnets nested. 

In the next figure Bx and By fields along vertical axis are plotted.

Reference

Version 1 

Figure 1

The Version 1 for new extraction is almost identical to the scheme that was proposed by Chuck Ankenbrandt and analyzed by Jim Lackey but requires half of magnetic field in the magnets. It is assumed that we use five identical C type pulsed magnets, each one meter long. At the end of acceleration cycle the beam is pushed down at the exit of main D magnet for 1.5 cm using three bump system like Bex system. Just prior extraction local bump is created in long strait section with beam pushed upward for three centimeters at exit of the second magnet. At extraction time kicker is fired and the beam at exit of D magnet is moved for 2.4 cm upward so that kicked beam miss second pulsed magnet ant it is directed to the extraction line. The pulse magnets have about 5kGauss field which is created with 22kA current and whole system needs about 350 us to reach peak field (each magnet needs 65 us to reach full field). Magnet parameters are in Table 1.

	Field (kGauss)
	4.89

	Magnet length(meter) 
	1

	Bending Angle((rad)
	0.017

	Turn_Apmer(kAmps)
	22.1

	Magnet Gap(cm)
	5.8

	Poletip width(cm)
	7.

	Rise Time(uSec) for full field
	54.

	Assumed Voltage(kVolt)
	1
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