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1 INTRODUCTION

The proton driver under design at Fermilab isahighinten-
sity rapid cycling proton synchrotron. Itsfunctionisto de-
liver intense short proton bunches to the target for muon
production. These muons will be captured, phase rotated,
bunched, cooled, accelerated and finaly, injected into a
storagering for neutrino experiments. Inthissense, thepro-
ton driver is the front end of a neutrino factory. The first
serious effort for designing a proton driver at Fermilab was
during the summer of 1997 led by S. Holmes. The results
were summarized in Ref. [1]. The present design study isa
continuation of that effort. In particular, thisdesign istai-
lored to meet the specific needs of a neutrino factory.

In addition to serve a neutrino factory, the proton driver
may have other applications. For example, it would re-
place the present Fermilab Booster as a high intensity new
booster. Assuchit could provide6 times ashigh proton flux
and 12 times as high beam power to the MiniBooNE exper-
iment. It could aso increase the beam intensity inthe Main
Injector by a factor of 4. The anti-proton production rate
and Tevatron luminosity would be enhanced accordingly.

There aretwo primary requirements of the proton driver:

1. High beam power: Pyegm = 1.2 MW.
Thisrequirement issimilar to other high intensity pro-
ton machines that are presently under design or con-
gtruction, e.g., the SNS at the ORNL, the ESS in Eu-
ropeand the Joint Project (formerly known asthe JHF)
inJapan. Thissimilarity makes it possibleto establish
a world-wide collaboration for tackling various tech-
nical design issuesin a coherent manner.

2. Short bunch length at exit: o, = 3 ns.
This requirement is unique for the proton driver. It
brings up a number of interesting and challenging de-
sign issues that we must address in the study. The
bunch lengthisrelated to thelongitudina emittance g,
and momentum spread Ap by:

In order to get short bunch length, it is essentia to
have:

e small longitudina emittance (emittance preser-
vation during the cycle);

e largemomentum acceptance (intherf and aswell
asinthelattice);

e bunch compression at the end of the cycle.
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It isinteresting to compare the proton driver with the LHC
or theformer SSC. The LHC and SSC require proton beams
very bright in the transverse plane. Transverse emittance
(e7) preservationisof crucial importancein order to reach
the design luminosity. In the longitudinal plane, however,
€. would be blown up by two orders of magnitudeinthein-
jector chainin order to avoid instability and intrabeam scat-
tering problem. The proton driver, onthe contrary, requires
high brightness in the longitudinal plane because of short
bunch length, whereas e1 would be diluted by painting dur-
ing theinjection from thelinac totheringin order to reduce
the space charge effect.

2 CHOICE OF MAJOR DESIGN PARAMETERS

The design goa of the neutrino factory at Fermilab is 2 x
10%° useful muons per year to theneutrino experiments. As-
suming one third of the muonsin the storage ring is useful,
it requires 6 x 10%° muons per year in the ring. Further as-
sumptionsare: one needs 15 protons (at 16 GeV) for every
muon, and there are 2 x 107 seconds for experiments each
year. These give 4.5 x 10 protons per second. At a repe-
tition rate (rep rate) of 15 Hz, 3 x 10% protons per cycleis
required. Therefore, the average beam current is 72 pA. At
16 GeV, this gives a beam power of about 1.2 MW.

The beam power isthe product of three parameters —pro-
ton energy Ep, number of protonsper cycle N, and rep rate
frep:

Poeam = frep X Ep x Np

The rep rate is chosen to be 15 Hz for three reasons. (1)
Fermilab has a 15 Hz linac that can be used for the proton
driver. Any rep rate higher than 15 Hz would require ama-
jor changein the present linac. (2) A rep rate lower than 15
Hz would mean more protons per cycle, which will be dif-
ficult inthepresent linac. (3) Thisprotondriver isdesigned
withan upgrade capability for afuturemulti-TeV muon col-
lider. Thelifetimeof a2 TeV muonisabout 40 ms. The 15
Hz rep rate is comparabl e to the muon decay rate.

The proton energy of 16 GeV is chosen due to the fol-
lowing considerations: (1) Lower energy is not preferred.
Because it would give higher longitudinal phase space den-
sity Ny/e (inwhich Ny isthenumber of protonsper bunch),
higher space charge tune shift AQ at top energy (which
would make bunch compression more difficult) and larger
momentum spread A—pp. (2) The present Fermilab linac can

deliver 3 x 10'3 particles at 15 Hz. If the proton energy is
lower than 16 GeV, it would require more particlesfromthe
linac, which will be difficult. (3) The present linac is 400
MeV. For a 16 GeV ring, the dynamic range is about 18,
which should be fine. If further raising the energy, the dy-
namic range would become too large and cause trouble to
the magnets.

Itisclear that the parameter choice made above are based
on the proton driver design itself. However, when con-
sidering the downstream subsystems that the proton driver
would serve, there aretwo i ssuesthat shoul d be pointed out:



1. A recent MARS simulation of themuonyield vs. pro-
ton energy for a graphite target shows a peak around
Ep =6 GeV. If thisresult is confirmed by target exper-
iments (e.g., HARP at CERN and E951 at BNL) and
by other simulations (e.g., FLUKA a CERN), it will
play arolein the choice of Ep inthefinal design.

From the cost point of view, however, alower energy
ring does not necessarily trang ateinto lower cost. For
the same beam power, the cost of a 16 GeV ring us-
ing the existing 400 MeV linac could be comparable
to that of alower energy ring plus an upgraded linac.
(A detailed cost comparison isyet to be done.)

2. A rough estimate of the power consumption of the
downstream subsystems, which are mostly in burst
mode operation, shows that it would be prohibitively
expensive for high rep rates. Thus, alower rep rateis
preferred. However, the target would obviously prefer
a higher rep rate. Therefore, atrade-off investigation
is needed for rep rate optimization. But thisis out of
the scope of the current study.

In addition to Pyeam, frep, Ep and Np, there are two more
important parameters to choose, namely, the bunch length
0y, and number of bunchesin thering.

e Bunch length: A shorter bunch is preferred by the
muon decay channel (to capture more muons per pro-
ton) and by muon polarization. However, severa
quantitative calculations of muon yield vs. bunch
length indicate that, when oy, isincreased from 1 nsto
3ns, thedecreaseinmuonyiedissmall (< 10%). The
polarization, on the other hand, has a stronger depen-
denceon op. Butitisnot required by the current study.
For the proton driver, a 3 ns bunch is much easier to
produce than a 1 ns bunch, because a longer bunch
would givesmaller space charge tuneshift AQ, smaller
momentum spread 2P and smaller bunch compression
ratio. Therefore, it isdecided to choose 6, = 3 ns.

o Number of bunches. For giventotal number of protons
inthering and the length of each bunch, itis preferred
to have more bunches. However, the downstream in-
duction linac, which is for muon phase rotation, can
only deliver 4 pulses per cycle. Thislimitsthe bunch
number to 4 in the present design. It should be pointed
out that, there is a new US-Japan initiative (between
Fermilab and the KEK) for devel oping low frequency
(several MHz) high gradient (0.5-1 MV/m) rf system.
This would open up the possibility of using rf phase
rotation replacing the inductionlinac. In thiscase, the
bunch number could be increased to 18 or higher.

The proton driver for the neutrino factory is called Phase|.
Details of Phase | design will be described in the follow-
ing sections. A possiblefuture upgrade of the proton driver
to serve amuon collider iscalled Phase I1. Teble 1 liststhe
main parameters of the two phases. However, Phase |1 de-
sign will not be discussed in thisreport. As acomparison,

the present proton source parameters are aso listed in Ta
blel.

3 TECHNICAL SYSTEMS

The proton driver consists of a new 16 GeV synchrotron
that would be installed in a new tunnel, a moderate
Linac upgrade and two new transport lines (400 MeV and
16 GeV). The design of each technical system has been
worked out to some detail and will be briefly described be-
low.

3.1 Newlinac front end

In order to use much of the present linac as an injector for
Phase | of the proton driver, thelinac must provideH™ ions
in excess of 5400 MmA-us (60 mA and 90 us). Although
both the beam current and pulse length are within the ca-
pability of the system, the beam loss and induced radiation
in the structure at high intensity operation would become a
problem so hands-on maintenance may suffer. Therefore, it
is planned to change the front end for increasing the trans-
verse brightness of the beam. The new front end consists of
a brighter source (either a modified magnetron or a DESY
rf type volume source), a short el ectrostatic focusing struc-
ture (LEBT), a 201 MHz RFQ from 30 keV to 1 MeV, an
isochronoustransport line made of two 270° bending mag-
nets (the a-magnets) and five quads, a second 201 MHz
RFQ from 1 MeV to 2.235 MeV, and a modified Tank 1
(DTL), in which the first 18 drift tubes will be eliminated.
Therest of thelinac (i.e., Tank 2 to 5 and the CCL) will re-
main as it is now. With these modifications, it is expected
that thetransverse beam emittance et at 400 MeV would be
decreased from 8 Tt mm-mrad (present value) to 3 tmm-
mrad. Thiswould greatly reduce beam losses in the linac,
which is believed to be mainly due to the aperture limit in
the system.

3.2 Chopper

A new type of chopper has been designed and built in col-
laboration with the KEK. [2] Thisis a pulsed beam trans-
former made of three 1”-thick Finemet cores. It is driven
by two HTS 81-09 transistors for a bipolar operation. It is
placed in front of the RFQ and modul atestheinj ectionbeam
energy by +£10%. The rise- and fall-time of the chopper
isabout 30 ns. A prototype has been installed on the linac
of the HIMAC, amedical accelerator center in Japan. The
beam test was successful [3].

3.3 400 MeVline

The 400 MeV line connects thelinac to the 16 GeV ring. It
will be made of permanent magnets, similar to the present
8 GeV line

34 16GeVline

In the present layout, the 16 GeV transport lineis about 2
km long and connectsthedriver to the target station. A ma-



Table 1: Proton Driver Parameters of Present, Phase | and Phase |1

Present Phase | Phase 1
(v-factory)  (up-collider)

Linac (operating at 15 Hz)
Kinetic energy (MeV) 400 400 1000
Peak current (mA) 40 60 80
Pulse length (us) 25 90 200
H~ per pulse 6.3x 102 3.4x108 1x10™
Average beam current (LA) 15 81 240
Beam power (kW) 6 32 240
Pre-booster (operating at 15 Hz)
Extraction kinetic energy (GeV) 3
Protons per bunch 2.5x 108
Number of bunches 4
Total number of protons 1x10™
Normalized transverse emittance (mm-mrad) 2001
Longitudina emittance (eV-s) 2
RF frequency (MHz) 7.5
Average beam current (LA) 240
Beam power (kW) 720
Booster (operating at 15 Hz)
Extraction kinetic energy (GeV) 8 16 16
Protons per bunch 6x100 75x10% 25x10%
Number of bunches 84 4 4
Total number of protons 5x10%  3x108 1x 10%
Normalized transverse emittance (mm-mrad) 151 601t 2001t
Longitudina emittance (eV-s) 0.1 2 2
RF frequency (MHz) 53 1.7 7.5
Extracted bunch length o; (ns) 0.2 3 1
Average beam current (LA) 12 72 240
Target beam power (kW) 100 1200 4000

jor portion of it would be in the Tevatron tunnel. A pre-
liminary design using FODO lattice has been worked out.
One concern about transporting intense (Np = 7.5 x 101?)
short (0, = 3 ns) bunchesin thislong lineis possiblebunch
lengthening due to space charge and lack of longitudina
focusing. However, PARMILA simulation shows that the
beam longitudina emittance growth is negligible in this
line.

3.5 16 GeVring lattice

In order to minimizelongitudinal emittancedilution, aprin-
cipa requirement in the lattice design is that it should be
transition free. This excludes the traditional FODO lattice
for a1l6 GeV ring. One must consider the flexible momen-
tum compaction (FMC) typelattice. Other requirementsin-
clude: Bnux < 1.5T, large dynamic aperture (> 1001t mm-
mrad), large momentum acceptance (@ = +2.5%), and
dispersion free straight sections for rf. Due to the impor-
tance of a collimationsystem inthishighintensity machine,
the collimator design must be coupled to the lattice design.

There are presently two FMC lattices under study. One

is triangular shape. The circumference is 711.3 m, which
is 1.5 times the size of the present booster. Another lat-
ticeisracetrack shape. Both givelarge or imaginary y; and
use sextupolesto increase the momentum acceptance. The
choicewill be made after acareful comparison between the
two lattices.

3.6 Injection and extraction

In order to reduce space charge effects, the injected beam
will be painted in both transverse and longitudina phase
space. The horizontal injection system consists of 4 orbit
bumpersand 2 fast kickers. The latter are used for painting
and are located 90° apart (in phase) from the foil on each
side of the foil. The foil temperature rise and beam emit-
tance dilution during multiple passes through the foil have
been calculated and should not be a problem.

Because this machine uses aresonant power supply, only
1-turn fast extraction is considered. At this moment, only
one extraction point has been designed. A second extrac-
tion pointispossibleif one could demonstrate that it would
be safe to place rf in dispersiveregion (i.e., in the arcs).



3.7 RF system

The required total rf voltage is about 1.2 MV. Due to the
compact size of thismachine, the cavity must have highgra-
dient (30 kV/m). Study showsthat Finemet cores (whichis
a new type of magnetic aloy) can withstand higher rf B-
field than regular ferrite and, thus, provide higher gradient.
The problem about Finemet isthat it haslow Q and islossy.
But this can be partialy solved by cutting the core to two
halves. In order to reduce eddy current heating, the sharp
edges of the cut core should be shaped such that the radial
B-fieldisminimized. A prototype14kV, 7.5 MHz Finemet
cavity has been built at Fermilab in collaboration with the
KEK. It will betested intheMain Injector for 132 nsbunch
spacing coal escing experiment.

In addition to this acceleration rf system, another rf sys-
tem for bunch compression is also under investigation. [4]
The main difference between the two systems is the duty
factor. The onefor acceleration will be used for 50% of the
cycle, whereas that for bunch compression is put to use for
just hundredspusinacycle. Therefore, thelatter could work
at mush higher gradient (0.5-1 MV/m).

3.8 Magnets

The main requirements are large aperture (dipole: 12.7 x
31.8 cm?, quad: 8.56 cm pole tip radius) and large good
field region (dipole: A—BB < 103 within =10 cm). The lam-
ination uses 0.014" silicon steel M17. The quadrupole de-
signisbasically the same asthe large quad in Fermilab Ac-
cumulator, except that it will use 4-piece laminations in-
stead of 2-piece.

3.9 Power supplies

Four proposals have been considered: (1) programmable
IGBT (as the M| sextupole power supply), (2) single 15
Hz resonance circuit (as in the present booster), (3) dual-
resonance (15 Hz plus 12.5% 30 Hz component), and (4)
dual-frequency (up-ramp 10 Hz, down-ramp 30 Hz). After
acareful comparison, (3) ischosen. Thereasonsarethefol-
lowing. It is cheaper (by afactor of 2) than (1); it can save
25% rf power compared with (2); and it has no ripple prob-
lem at injection, which isamain concern of (4).

In addition to the main power supply, a second power
supply for correcting the tracking error between dipoleand
guad has also been designed. It drives the trim coilsin
the quads and uses bucking choke for cancelling the trans-
former effect between the main and trim coils.

3.10 Vacuum system

In arapid cycling machine, the eddy current in the beam
pipe is a magor problem. The ISIS solution, which uses
ceramic pipe equipped with a metallic cage inside, works
well. However, it requiresadditional vertical apertureof the
magnet. The alternativeisto usethin metalic pipe. Three
designs are being pursued: a0.05" Inconel pipe with cool-
ing tubes, a 0.005” Inconel pipe with ribs, and a compos-

itematerial pipewithathin Inconel (or Ti-Al) sheet inside.
The pipesizeis5” x 9”.

The vacuum system design would give avacuum of 108
torr or lower. Such a vacuum would eliminate the con-
cern about possible e-p instability as observed in the PSR
at LANL.

3.11 Collimators

A 2-stage collimator system hasbeen designed. Calculation
showsthat it can capture morethan 99% of thelost particles.
With such ahighefficiency, evenfor 10% lossat injectionor
1%l ossat gection, thebeam losslevel in most of the tunnel
would be below 1 W/m. Therefore, hands-on maintenance
would be possible. The area near the collimatorswould be
radioactively hot and require specia loca shielding.

4 TECHNICAL DESIGN ISSUES
4.1 High longitudinal brightness

One of the most demanding issues in the proton driver de-
sign ishow to achieve the required longitudinal brightness.
Table 2isacomparison of thelongitudinal brightness N/
in existing as well as planned proton machines.

Theprotondriver Phase | requires3.8 x 10%2 particles per
eV-s, which is higher than most of the existing machines,
with the exception of the PSR and 1SIS. (The PSR isan 800
MeV accumulator ring. The ISIS, athough an 800 MeV
synchrotron, uses low field magnets, asmall rf system, and
has no sextupoles.)

In order to achieve high longitudinal brightness, one has
to preserve €, which isin contrast to the controlled blow-
up of g in many high intensity machines for keeping beam
stable. The following measures are taken for €, preserva
tion:

e Avoid transition crossing in the lattice design. This
eliminates a major source of emittance dilution.

e Avoid longitudinal microwave instability by keep-
ing the beam below transition (The capacitive space
charge impedance helps stabilize the beam when be-
low transition) and keeping the resistive impedance
small (using a uniform metallic beam pipe).

e Avoid coupled bunch instability by usinglow Q rf cav-
ity.

o Apply inductive inserts for space charge compensa-
tion.

o Apply activelongitudinal feedback system.

4.2 Bunch compression

A bunch compression isneeded at the end of thecyclein or-
der to shortenthebunchto 3ns. Thereare at |east three pos-
sible ways to do this gymnastics: (1) RF amplitude jump,
(2) RF phase jump and, (3) y manipulation. The achieved
compression ratio of either method isin the range of 3-5.



Table 2: Longitudinal Brightness of Proton Machines

Machine Ermax Not Np € Np/€L
(GeV) | (10%) | (10 | (ev-9) | (10%/eV-9)

Existing:
CERN SPS 450 46 0.012 0.5 0.024
FNAL MR 150 20 0.03 0.2 0.15
FNAL Booster 8 4 0.05 0.1 0.5
PETRA Il 40 5 0.08 0.12 0.7
KEK PS 12 3.6 0.4 0.4 1
DESY Il 75 1.2 0.11 0.09 1.2
FNAL MainInj 150 60 0.12 0.1 1.2
CERN PS 14 25 1.25 0.7 1.8
BNL AGS 24 63 8 4 2
LANL PSR 0.797 23 23 125 18
RAL ISIS 0.8 25 125 0.6 21

Planned:
Proton Driver Phase | 16 30 7.5 2 3.8
Proton Driver Phase |1 16 100 25 2 125
Japan JHF 50 200 125 5 25
AGSfor RHIC 25 04 04 0.3 13
PSfor LHC 26 14 0.9 1.0 0.9
SPSfor LHC 450 24 0.1 0.5 0.2

Method (1) is most common among the [abs. Although
Fermilab has many years of experience with this operation,
the high bunch intensity poses new problems:

1. During debunching, the beam momentum spread will
decrease. Thismay giveriseto microwaveinstability.

2. Also during debunching, the rf voltage will decrease.
This may cause severe beamloading effects.

3. Inaregular bunch rotation simulation, the momentum
compaction is assumed to be a constant . However,
theprotondriver latticeisnearly isochronous (g = 0).
The higher order terms a; become important. Thus,
particles with different AP have different path length
AL. This complicates the bunch rotation process.

4. Dueto short bunch length, the tune shift AQ from di-
rect space charge and image charge remainslarge even
at 16 GeV. This AQ aso gives different path length
AL. Inother words, the path length of each particlede-
pends not only on itslongitudina position but also on
itstransverse amplitude. Thiseffect couplesthelongi-
tudinal and transverse motion and is a new challenge
to beam dynamics study.

Items 3 and 4 causes the so-cdled “n-spread” (n is the
dip factor), which must be taken into account in theoreti-
cal modelling aswell asin numerica simulations.

These problems have got the attention of beam physi-
cists. Several labs (Fermilab, BNL, KEK, CERN, GSI and
IndianaUniv.) have decided to carry out experimental stud-
iesina“contest” — to seewho can get the highest peak cur-
rent, longitudinal brightness and compression ratio.

4.3 Transient beamloading

Thisproblemiscrucia totheintense short bunch operation.
The single bunch intensity (7.5 x 10'%) gives a charge q =
1.2 uC. For a14 kV cavity and a gap capacitance C = 300
PpF, the single pass beaml oading voltage /C would reach 3
kV, which has to be compensated. However, because the
bunchisvery short (o, = 3 ns), how toinject ashort current
pulse to do the compensation is challenging. Thisisahigh
priority item in the proton driver study. The plan isto use
an rf feedforward system for globa compensation and an rf
feedback system for reducing bunch-to-bunch and turn-by-
turn variationsfor atota reduction of 20-30 dB.

4.4 Space charge and instabilities

Space charge is amain limitation to achieve high intensity
proton beams, in particular at injection. In order to reduce
theLadlett tune shift, alarge transverse emittance (60tmm-
mrad, normalized, 95%) is used. Both transverse and lon-
gitudinal phase spaces will be painted for auniform particle
distribution. It isalso planned to useinductiveinsertsto re-
ducethe potential well distortionfrom the space charge. An
experiment is going on at the PSR/LANL using inductive
modules provided by Fermilab. The results are encourag-
ing. For given rf voltage, the achievable beam intensity is
increased when theinsertsare applied. More measurements
will be doneto study the effects of theinsertsto the beam.
There are two categories of instability problems in the
proton driver. Oneisthe“conventiona” type, for instance,
impedance budget, resistivewall, sow head-tail, Robinson,
coupled bunch, etc.. These are by no means trivial. How-



ever, one knows how to deal with them. Another typeis
“non-conventional,” whichisnot well understood but isim-
portant to the proton driver. For example:

e Longitudinal microwave instability below transition.
Intheory, the capacitive space charge impedance hel ps
to make beam stablewhen itisbelow transition. How-
ever, a recent SPS experiment showed that, even be-
low transition, a coasting beam can be ungtable. It is
not clear if thesame would betruefor abunched beam.
M ore experiments are needed.

e Fast head-tail (transverse mode-coupling) in the pres-
ence of strong space charge. Thistypeof instability is
clearly observed in electron machines. However, it has
never been observed inany proton machine. Thereare
two possible explanations:

1. If the betatron tune spread AQp in a proton ma-
chine is many times larger than the synchrotron
tune Qs, then the mode lines (m= 0, +1, ..)
would get smeared and there won’t be any cou-
pling.

2. In low- and medium-energy proton machines,
the space charge force is significant. It would
shift m= —1 mode downward as the beam inten-
Sity increases. Meanwhile, the inductive broad-
band wall impedance would shift this mode up-
ward. Thus, they intend to cancel each other.
This makes the coupling between the mode m =
0 and m = —1 more difficult.

These claims need support from more careful anayti-
cal and numerical study.

e Synchro-betatron resonance due to dispersion in rf
section. Due to the compact size of the proton driver,
somerf cavitiesmay have to beinstalled in the disper-
sionregion. Theconcernisabout thesynchro-betatron
resonance kQg + mMQs = n. In previous studies, the
case k = 1 has been fully analyzed [5]. However, the
cases of k=2, 3, ... remain open.

45 Particleloss, collimationand shielding

Here the main concern is the hands-on maintenance, which
requires the residual dose below certain level before one
may proceed to do any repair work. Monte Carlo smula-
tionsusing the code MARS show that, at an average particle
lossrate of 1 W/m, the residual dose after 30 days irradia-
tion and 4 hours cool down would be below 100 mrem/hr.
This result agrees with that obtained at LANL and ORNL.
To mest this requirement, a collimation system has been
designed. It has a capture efficiency better than 99% and
would allow 10% particle loss at injection and 1% loss at
extraction during normal operation.

The MARS code was aso used for radiation shielding
calculation. The needed dirt thickness for shielding 1-hour
accidental full beam lossis 29 feet. It is closeto the result

obtained from the simplified scaling formula (the Dugan
criterion), which gives 32 feet.

4.6 Other issues

A number of other design issues are aso under investiga-
tion, including FMC | attice design for large momentum and
dynamic aperture, beam injection when magnet current has
asecond harmonic (i.e., B hasalargenon-zerovaue), injec-
tion painting, tracking error correction, cooling and induced
field error correction of thin metallic pipes, high intensity
high brightnessH™ source design, fringefield correction of
large aperture dipoles and quads, etc.

5 SUMMARY

Over the past year ateam in the Beams Division has been
working on the proton driver for Fermilab. Significant pro-
gresses have been made to reach the Phase | design goals.
A Phase | proton driver consists of a modest improvement
of the linac front end, a new 16 GeV synchrotronin a new
tunnel and two new beam lines (400 MeV and 16 GeV). It
meets the needs of a neutrino factory and can providea 1.2
MW proton beam with 3 ns bunch length. It dso alows an
upgrade path to a beam power of 4 MW and bunch length
of 1 ns, which will be required by a future muon collider.
In addition to serve a neutrino factory and/or a muon col-
lider, the system would al so serve as a complete functional
replacement for the Fermilab Booster, providing upgraded
capabilitiesin the future for the programs that the Booster
would otherwise have served. New physics programsbased
on the stand-al one capabilities of the proton driver asanin-
tense source of proton beams would also be enabled.

The Fermilab management has scheduled an internal
technical review of the proton driver design study on April
17-19, 2000. A complete design report will be due early
2001.
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