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Abstract

This paper describes the lattice design of the Fermilab
Proton Driver. Its main features are: (1) an FMC (flexible
momentum compaction) lattice using 270°/270° FODO
modules, (2) transition-free (imaginary v;), (3) large mo-
mentum acceptance (+2.5%), (4) large dynamic aperture
(>120 mm-mrad) and, (5) zero dispersion in straight sec-
tions.

1 INTRODUCTION

The Fermilab Proton Driver isahigh intensity (3 x 1013
protons per pulse) rapid cycling (15 Hz) synchrotron. The
maximum beam energy is16 GeV. The beam power isabout
1 MW. The main parameters can be found in Table 2.1 and
2.2 of Reference [1]. This machine calls for high beam
brightnessin both longitudinal and transverse planes. Inthe
longitudinal plane, the Proton Driver must deliver bunches
with very short length (about 1 nsr.m.s) at exit. In the
transverse plane, the brightnesswill reach the space charge
limit at injection. In order to minimize emittance dilutions
during the cycle and to avoid the negative mass instability
that could be caused by the space charge, a transition-free
FMC lattice has been chosen [2, 3].

To make short bunches, a bunch rotation in longitudinal
phase spaceisnecessary. Thisrequireslarge momentum ac-
ceptance of +2.5%. To keep space charge tune spread un-
der control, thetransverse charge distributionof theinjected
beam will be made as uniform as possible by the painting
technique. Asaresult, the beam emittance will be enlarged
to 607 mm-mrad (normalized, 100%). The dynamic aper-
tureof thelatticeisrequired to be twicethisvaluefor theen-
tire momentum spread range. Moreover, to avoid any pos-
sible synchro-betatron coupling resonance, the straight sec-
tions, in which the rf cavities will be located, are made dis-
persion free.

2 LATTICE CANDIDATES

Various types of lattices have been considered but only
one meets all the requirements.

1. The simple FODO latticeisruled out because itisim-
possible to make it transition-free at 16 GeV.

2. A doublet lattice was proposed. The merit isitssim-
plicity. Only two types of quadrupoles are needed. How-
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ever, the required quad strength, 20 T/m, isfar above are-
alizablevalue. Another seriousdefect isthelack of suitable
locations for sextupoles.

3. Severd racetrack lattices were studied. They can use
the same modules as in a triangular lattice as described in
the next section. However, it causes complicationto putin-
jection, collimationand extractioninthe same long straight.
Besides, a racetrack lattice uses more modules (16) than a
triangular one does (12).

4. Various choices of phase advance in FODO or DOFO
modules were tried, including p;/p, = 270°/135°,
270°/180° and 270°/270°, respectively. The first two
choices fail due to the lack of suitable locations for sex-
tupoles. Only thelast one (270°/270°) provides the needed
momentum aperture as well as the dynamic aperture.

5. Boththe 270° /270° FODO and DOFO modules meet
all thelatticerequirements. However, the maximum disper-
sion of a DOFO moduleisamost twice as large asthat of a
FODO one. Therefore, the FODO modulein the arcsisthe
final choice.

3 LATTICE DESCRIPTION
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Figure 1: Layout of the Proton Driver Ring.

The Proton Driver lattice has a triangular shape. It has
three arcs (P10, P30, P50) and three straight sections (P20,
P40, P60) , as shown in Figure 1. The circumference is
711.3 m, which is exactly 1.5 times the size of the present
Booster. Each straight section is about 64 m long. They
will be used for injection, collimation, rf cavities and ex-
traction. The three straights are made identical in order to
maintaina 3-fold superperiodicity. Each arc consistsof four
270°/270° FODO modules. So the phase advance in each
arc is 6w, which automatically assures zero dispersion at
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both ends of the arc.
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Figure 2: (3 functions and dispersion in the arc module.
(The narrow tall rectanglesin thebeam line are sextupol es.)

Each module is made of three different FODO cells, as
shown in Figure 2. Thefirst cell has two regular dipoles,
the second cell nodipoles, thethird cell oneregular and one
short dipole. The short dipole, whichis270° away fromthe
entrance of the module, also serves as a dispersion suppres-
sor. There are two horizontal and two vertical chromaticity
sextupoles in the mid-cell of each module, aso shown in
Figure 2.

Among the four modulesin an arc, the second moduleis
an mirror image of the first one, whereas the two half-arcs
are identical. The lattice functions are shown in Figures 2
and 3.

Each straight section has a FODO structure. But the cell
lengths are varied according to the requirements of injec-
tion and collimation as well as of extraction. The straights
area so used for tunevariationand control (tunetrombone).
Because the phase advances in the arcs are fixed.

4 LATTICE ANALYSIS

This lattice has excellent chromatic properties as shown
in Figure 4. Its momentum compaction factor and transi-
tion~ are showninFigure 5. It haslarge dynamic aperture
asshowninFigure 6. Figure 7 isthetunediagram. A main
consideration in the choice of tunesisto avoid resonance of
thetype2v, —2v,, = 0, which could be caused by the space
charge. Thus, the horizontal and vertical tunes are split by

T
horizontal

/\  beamline

Beta functions, m

. . . . . . .
170 180 190 200 210 220 230
Path length, m

T T T T
A [\ nhorizontal

I | I
25 ft . | R N\ A || beamiline -
( \ 1 \ ( . i i

Beta functions, m

. . . . . .
[ 20 40 60 80 100 120 140 160
Path length, m

T
dispersion

6
sb
4
£ 3l
= N n
S SN I
2 2 / N iy N§%
: A |
o 1 AN / \ i
N / \ / \ /i
0 \ \ / \ /
h /! N A\ /
1 \ / \ / \
/ V \
2k
. . . . . . . .
0 20 40 60 80 100 120 140 160

Path length, m

Figure 3: 3 functionsin the straight section (top), 5 func-
tions (middle) and dispersion in the arc (bottom).

one unit. In addition, the fractional part of v, islarger than
that of v, by 0.05 so that the operating point stays below
the coupling resonance line. The nominal design tunes are
12.43 in horizontal and 11.38 in vertical. The performance
of thereal machinewill eventually decide theworking point
at each stage during the cycle (tune ramp).
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The working point on a betatron tune plane.



