summary of the fermilab proton driver design study*

W. Chou† and C. Ankenbrandt, FNAL, Batavia, IL 60510, USA

Abstract
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This paper is a summary report of the Proton  Driver design study that has been completed at Fermilab. It describes a new 16 GeV high intensity rapid cycling synchrotron as a replacement of the present Booster, and the associated new beam lines as well as some modest improvements of the present Linac. The major desing goals are: (1) 1 MW beam power; (2) 1 ns bunch length (rms). The construction will be staged. It has also an upgrade path to 4 MW.
1 introduction

In a 1997 summer study, a team led by Steve Holmes formulated a development plan for the Fermilab proton source and described the results in Ref. 1. Subsequently, at the end of 1998, a task group was formed to prepare a detailed design of a high intensity facility called the Proton Driver. The results of that effort are summarized in Ref. 2. The design includes a 16 GeV synchrotron, two new beam transport lines (a 400 MeV injection line and a 12/16 GeV extraction line), and related improvements to the present negative ion source and the 400 MeV Linac

The Proton Driver serves a number of purposes in the Fermilab HEP program. In the near term, it replaces the present Booster and increases the proton beam intensity in the Main Injector by a factor of four, thereby providing an upgrade path for NuMI and other 120 GeV fixed target programs. It also helps increase the Tevatron collider luminosity after the antiproton source takes necessary measures to accommodate more antiprotons. The Proton Driver also opens the avenue for new physics programs based on its stand-alone capabilities as a source of intense proton beams.  In the medium term, it could serve a neutrino factory by generating intense short muon bunches from a target. These muon bunches would then be phase rotated, cooled, accelerated and stored in a muon storage ring in order to generate intense beams of muon neutrinos and electron neutrinos. In the long term, the Proton Driver could be upgraded to a 4 MW proton source (by adding a 600 MeV linac and a 3 GeV Pre-Booster) in order to serve a muon collider.


At present, the Booster is the bottleneck that limits the proton beam intensity in the Fermilab accelerator complex. Its upstream machine, the Linac, is capable of providing 3.4 ( 1013 particles per cycle at 15 Hz.  However, due to numerous problems, the Booster intensity is limited to 5 ( 1012 particles per cycle. After some modest upgrades, the downstream machine, the Main Injector, is capable of accelerating four times more protons than the Booster can provide. The Proton Driver, as a complete functional replacement for the Booster, removes this bottleneck and makes full use of the capabilities of the Linac and Main Injector.

2 machine layout & parametres

Authors are advised to use the templates provided. The 

2.1 General Layout

These instructions are a typical implementation of the requirements. Manuscripts should be prepared for one side of the paper and have:

· Either A4 (21.0 cm ( 29.7 cm; 8.27 in ( 11.69 in) or US letter size (21.6 cm ( 27.9 cm; 8.5 in ( 11.0 in) paper.

· Single-spaced text in two columns of 82.5 mm (3¼ in) with 5.3 mm (0.2 in) separation.

· The text located within the margins specified in Table 1 to facilitate electronic processing of the postscript file.

Table 1: Margin Specifications

Margin
A4 Paper
US Letter Paper

Top
37 mm
19 mm (0.75 in)

Bottom
19 mm
19 mm (0.75 in)

Left
20 mm
20 mm (0.79 in)

Right
20 mm
26 mm (1.0 in)

The layout of the text on the page is illustrated in Fig. 1. Note that the paper’s title and the author list should be the width of the full page. Tables and figures may span the whole 170 mm page width, if desired (see Fig. 2).

Figure 1: Layout of papers.

2.2 Fonts

In order to produce good Adobe Acrobat PDF files, the 

2.3 Title and Author List

The title should use 14pt bold uppercase letters and be 

2.4 Section Headings
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Section headings should be numbered, use 12pt bold uppercase letters and be centered in the column. All section headings should appear directly above the text—there should never be a column break between a heading and the following paragraph.
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Figure 2: Example of a full width figure, showing the distribution of problems commonly encountered during paper processing.

2.5 Subsection Headings

Subsection headings should be numbered (e.g. 2.1 General Layout), use 12pt italic letters and be left aligned in the column. Subsection headings should appear directly above the text—there should never be a column break between a subheading and the following paragraph.

2.6 Paragraph Text

Paragraphs should use 10pt font and be justified (touch each side) in the column. The beginning of each paragraph should be indented approximately 3mm (.13 in). The last line of a paragraph should not be printed by itself at the beginning of a column nor should the first line of a paragraph be printed by itself at the end of a column.

2.7 Figures, Tables and Equations

Place figures and tables as close to their place of mention as possible. Lettering in figures and tables should be large enough to reproduce clearly. Use of non-approved fonts in figures can lead to problems when the files are processed. Please use the approved fonts when possible.

All figures and tables must be given sequential numbers (1, 2, 3, etc.) and have captions (10pt font) placed below figures and above tables being described.

Text should not be obscured by figures. For more information on working with figures in Microsoft Word (including how to insert them in the most efficient manner), see the Microsoft Word help files. 

If a displayed equation needs a number, place it flush with the right margin of the column (see Eq. 1). Units should be written using the roman font, not the italic font.
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2.8 References

All bibliographical and web references should be numbered and listed at the end of the paper in a section called “References.” When referring to a reference in the text, place the corresponding reference number in square brackets [2].

2.9 Footnotes

Footnotes on the title and author lines may be used for acknowledgements, affiliations and e-mail addresses. A nonnumeric sequence of characters (*, #, †, ‡) should be used. All other notes should be included in the reference section and use the normal numeric sequencing.

Word users—do not use Word’s footnote feature (Insert, Footnote) to insert footnotes, as this will create formatting problems. Instead, insert footnotes manually in a text box at the bottom of the first column. Footnotes should only appear at the bottom of the first column on the first page.

2.10 Acronyms

Acronyms should be defined the first time they appear.

3 technical systems

DO NOT include any page numbers. The editorial staff will add them when they produce the final proceedings.

4 r&D program

Templates and examples can be retrieved through Web browsers like Netscape and Internet Explorer by loading to disk. See your local documentation for details about how to do this.

Template documents for the recommended word processing software are available from the JACoW Website [3] and exist for LaTeX and Microsoft Word (Mac and PC) for US letter and A4 paper sizes.

Authors are required to use templates for the correct paper size and advised to use the template corresponding to the correct version of Word. Do not transport the document across different platforms e.g. Mac ↔ PC.
Please see the help files for instructions on how to install templates in your Microsoft templates folder.

5 acknowledgements

· Use only Times (bold or italic) and Symbol fonts for text—10pt minimum.

Figures should be in Times (bold or italic) and Symbol fonts when possible—6pt minimum.

· Check that the postscript file prints correctly.

· Check that there are no page numbers.

· Check that the margins are correct on the printed version. There may be differences of ±1 mm on the margins from one printer to another.

· Check the size of the postscript file—an average size should be about 100-300 Kbytes. If the file size is over 300 Kbytes, please try to make it smaller.

6 References

[1] S. Holmes, editor, FERMILAB-TM-2021 (1997).
[2] W. Chou, C. Ankenbrandt and E. Malamud, editors, FERMILAB-TM-2136 (December 2000). 

[3] http://www.cern.ch/accelconf/templates.html
	


*Revised by Sara Webber, FNAL, April 25, 2001. 


†chou@fnal.gov








� EMBED Excel.Chart.8 \s ���








_1037448926.unknown

_1036327482.xls
Chart8

		0.73		0.37		0.28		0.24		0.15		0.09		0.08		0.08		0.05



Format problems (source edited)

Bad or no postscript file

Bad fonts

Figure problems

Unreadable disks/missing files

Paper too long

Equation problems

Author requested changes

Pages numbered, empty, etc.



Sheet1

		Format problems (source edited)		73%

		Bad or no postscript file		37%

		Bad fonts		28%

		Figure problems		24%

		Unreadable disks/missing files		15%

		Paper too long		9%

		Equation problems		8%

		Author requested changes		8%

		Pages numbered, empty, etc.		5%





Sheet1

		0		0		0		0		0		0		0		0		0



Format problems (source edited)

Bad or no postscript file

Bad fonts

Figure problems

Unreadable disks/missing files

Paper too long

Equation problems

Author requested changes

Pages numbered, empty, etc.



Sheet2

		0

		0

		0

		0

		0

		0

		0

		0

		0





Sheet3

		0

		0

		0

		0

		0

		0

		0

		0

		0





		





		






