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Introduction

In 1984, a polarized H~ source was installed to
permit the acceleration of polarized protons in the
AGS, using a low current, 750 keV RFQ Linear Accelera-
tor as the preinjector. This RFQ was designed by LANL
[1] and has proved _to be quite satisfactory and reli-
able. In order to improve the reliability and simplify
maintenance of the overall AGS operations, it has been
decided to replace cne of the two 750 keV Cockcroft-
Waltons (C-H) with an RFQ. The design of a new high
current RFQ has been carried out by LBL [2] and is also
being constructed there. This paper describes the
preinjector improvement project, centered around that
RFQ, which is underway at BNL.

The R— Source

The H~ magnetron source now used in tlie prein-
jector has been modified to produce an axially sym-
metric beam. With a 4 mm diam aperture and an n=l/2,
90° bending magnet, > 50 mA is extracted at 20 kV. The
emittances in both transverse planes are 1.0 if mn-mrad
(90%, normalized) and match the acceptance of the RFQ.
The power supplies will be upgraded for 35 kV operation
and the extraction electrodes optimized for this "olt-
age. A more detailed account can be found elsewhere in
these proceedings.[3]

35 keV Transport to RFQ

The layout of the modified transport lines carry-
ing beams into the 200 MeV Linac is portrayed in Fig.
1. The 35 keV H~ beam is transported from the source
and matched to the RFQ by two solenoid lenses (S1.S2)
and two pairs of vernier steering magnets (VI,V2). The
transport has been optimized by use of the interactive
code TRACE.[4] The beam emittance parameters for 50 mA
at the RFQ entrance (Table II) have been used. If the
beam is 100% neutralized, about 30 mm of the 50 ram
radius of the solenoids is occupied by the beam. If
the neutralization is not complete, the system can
handle up to 25 mA (50% neutralization) wichin a 45 mm
radius in the solenoids. The beam envelopes for these
two cases are illustrated in Fig. 2. The tuning of
this section of the transport line will be facilitated
by the emittance analyzer (El), the 5 segment Faraday
cup (SF), and the beam current transformer X2.

The beam from the source is axially symmetric, and
since the RFQ requires a symmetric input, solenoids are
the focusing elements of choice. Two units have been
built, based on a CTJRN design but larger in aperture
and length.[5] The physical and magnetic lengths of
the units are, respectively, 0.25 m and 0.17 m, and the
central field can reach 0.41 T at a current of 470 A.
The magnets are pulsed at 10 Hz with a duty factor of
0

In order to keep the 35 keV line as short as pos-
sible, we are experimenting with a window-frame type
x-y steering magnet consisting of a 5" square by 5"
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Figure 1. In-line Component Placement with New RFQ:
BP-Beam Phase Probe; BS-Beam Stopper; CF-
Coaxial Faraday Cup; CH-Chopper; D2-Bending
Mag; E-Emittance Analyzer; Q-Quadrupole;
R-RF Cavity; S-Solenoid Lens; SF-Segmented
Faraday Cup; Source-Unpolarized H~; T-Quadru—
pole Triplet; V-Vernier Steering Mag; X-Beam
Current Transformer
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Figure 2. Beam Envelopes in the 35 keV section.

long yoke. Coils on opposite legs of the yoke are in
series and wound to produce magnetic fields in the same
direction when energized. We have obtained about ±5%
homogeneity in a 2" diam region centered on the axis
for a test yoke with dimensions 4 x 4 x 2.5 in. The
variation with radius of the integrals /B dz through
the magnet is of the same magnitude. At 35 keV, 5.0
G-m deflects the ft- ions approximately 20 mrad.

753 keV RFO

The RFQ Linac is presently under construction at
LBL. The mechanical features are similar to previous
LBL 200 MHz RFQ's designed for heavy-ion applica-
tions. [6] A short parameter summary is given in Table
I.

Table I
RFO Parameters

Ion
Input Energy
Output Energy
Current Limit
Operating Frequency
Peak Cavity Power
Stored Energy
Duty Factor
Structure
Vane Length

H+H-
35 keV

753 keV
> 100 mA
201.25 MHz

100 kW
0.5 Joules

0.007
4-vane, ringed

1.62 m
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The beam dynamics design is characterized by a
long shaper section accelerating the bean to 68 keV, a
relatively short gentle buncher accelerating to 180
keV, and a stable phase at the exit of the machine of
-40°. Almost half (0.71 m) of the 1.62 m long struc-
ture is devoted to the accelerator section, a higher
fraction than found in older C-Vi replacement RFq's.
The large stable phase and short (0.3 m) gentle buncher
results in a machine with a large, linear longitudinal
bucket and the relatively short bunching sections re-
sult in a high longitudinal shunt impedance. Table II
summarizes the input and output beam characteristics.

TABLE II
RFO Emittances at 50 mA

Matched Input Beam- @ Start of Vane (100% contour)
E /" = 1.0 mm-mrad 3 = 0.094 m a = 2.85

gent aperture limitation. The strong, asymmetric trip-
let Tl is used to make the beam gently convergent at
its exit and to adjust the Horiz and Vert beam sizes at
the 30 mm aperture of cavity Rl. The symmetric triplet
T2 is adjusted to compensate for the defocuslng effects
of Rl and space charge, allowing the beam to enter R2
with the correct size and a gentle convergence.

The dipole D2 is the switching element for beam
from C-W 02 or from the polarized H— RFQ, and so the
main components from D2 to the Llnac are the same as
are used for those facilities, though operated at dif-
ferent settings. The symmetric triplet T3 and the
doublet (Q1.Q4) are used to form the final match to the
transverse Twlss parameters required by the Linac as
given in Table III. (Q2 and 03 may be employed tj
augment 01 and 04). The Horizontal and Vertical beam
envelopes at 50 mA are shown in Fig. 3.

Horiz Output Beam @ End of Vane (90S contour)
E h = 1.2 mm-mrad 3 = 0.063 m a =-1.25norm

Vert Output Beam @ End of Vane (90% contour)
E / " = 1.1 mm-tnrad 3 = 0.126m o = 2.AQnorm

Longitudinal Beam 3 End of Vane (90% contour)
dW° t 14 keV d? ° ± 33°

A variable radius of curvature vane tip geometry
is used, with a 67.2 kV inter-vane potential. The
surface field is 1.38 Kilpatrick on the unmodulated
vane, rising to 1.47 Kilpatrick at the worst spot, for
very conservative operation. The space charga limit is
120 mA with a normalized transverse acceptance of 3.0

mm-mrad. The average vane tip radius rQ is 4.2 mm.

The azimuthal field distribution Is stabilized by
three sets of vane coupling rings (VCR's).[7] RF power
is fed through a single port located at the longitudi-
nal center of the structure. Automatic frequency
tracking, during turn-on and steady-state operation, Is
accomplished by a single, rotating tuner loop diametri-
cally opposite the power port. The tuner has a ±200
kHz range. The coarse frequency is set by the remov-
able bulk tuners located at the bases of two of the
vanes. At a 0 of 57% of the pure copper Q , 100 kW of
power Is needed to drive the cavity to full gradient.
An additional 36 kW is required to accelerate 50 mA of
beam. At 50 mA, the transmission is 97%. With a nor-
malized input eaittance of 1.0 it tmn-mrad, the trans-
verse blow-up at 50 mA Is about 12%.

The RFQ is fabricated of fully annealed, copper
plated mild steel.[8] A 0.2 mil cyanide copper strike
is followed by a 2 mil acid copper plate, except on the
tips of the vanes where only the cyanide strike is
used. The vanes are individually moveable In two ortho-
gonal directions for the Initial alignment. Some
degree of thermal stabilization is provided by circu-
lating temperature-controlled water In thermal contact
with the cylinder. The vacuum Is provided by two 1500
1/s cryopumps. At a dominant gas load of lxlO~6 Torr
-1/s-cm2 from the organic 0-rings, the pressure will be
about 2xlO~7 Torr.

753 keV Transport to Linac

The RFQ output parameters for 50 mA have been used
in optimizing the transport elements to the 200 MeV
Linac. The program TRACE 3-D [4] has been used to
calculate the space charge effects of the strongly
junched RFO beam. The arrangement of this transport
line Is Illustrated in Fig. 1. The transverse matching
is handled by the magnetic quadrupoles, while the lon-
gitudinal bunch structure Is maintained and matched by
RF cavities. The RF cavities introduce the most strin-
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Figure 3. Beam envelopes at 50 mA for the 753 keV sec-
tion. The overall length is 5.8 meters.

It is important to place Rl as close to the RFQ exit
as possible, since the tightly bunched beam spreads
very rapidly In phase. In the position shown, the
bunch phase width Increases to ±150° at Rl. The first
order optimization of TRACE 3-D indicates that the
phase spread then dips gradually (due to the longitu-
dinal "focusing" action of Rl) to about 100° midway
between Rl and R3, growing again to 120° after a
small adjustment by R2. The final, larger energy
spread is then introduced by R3, and the phase width
rapidly shrinks to the Linac's requirement.

The linear (first order) treatment given the bunch
motion by TRACE 3-D of course does not take account of
the highly nonlinear (sinusoidal) field of the cavity
at such large phase excursions, so Independent calcula-
tions of the bunch motion, guided by space charge ef-
fects from TRACF. 3-D, raust be nade. These calculations
have not been completed, but a preliminary estimate
indicates that about 75% of the longitudinal emlttance
In Table II can be fitted Into the conservative,
elliptical acceptance assumed for the Llnac. The true
stable bucket of the Linac actually contains consider-
ably more phase space.

Two alternative means of steering In the 7 53 keV
line being considered are: (1) using two sets of Horiz
and Vert steering dipole colls wrapped around the beam
pipe (existing units are 0.25 m long); (2) biasing the
poles of a quadrupole singlet to produce a dipole com-



ponent in the magnetic field. [9] Two singlets in a
quadrupole triplet could be used for horizontal and
vertical deflections. This approach eliminates approx-
imately 0.5 o of beam line. However, the sizeable
6-pole and higher harmonics may lead to too much trans-
verse distortion for this to be feasible.

3ean Choppers

A fast beam chopper, located betveen the ion
source and RFQ, prepares the 2.5 MHz bunch structure of
the beam for synchronous injection into rf buckets in
the AGS. Bunch-to-bucket injection into the AGS --rill
significantly reduce the radiation dose developed there
due to uncaptured beam. In addition, the presence of R.F
time structure on the bean will enhance the capabili-
ties of the bean orbit tracking instrumentation for the
first few turns afffer injection.

The chopper is a slow-wave electrostatic deflec-
tion device, comprised of 15 plates on 25 me centers
that are serially connected by coaxial delay cables of
10 ns length. The deflected beaa is rejected at a
snail aperture located immediately before ths RFQ. A
study of the interaction of the electric fields of the
chopper on the space charge neutralization of the beam
is reported elsewhere in these proceedings.[3] A hard-
tube modulator is dc coupled to the plates and allows
an arbitrary pulse program to be applied to the beam.
This can be used to tailor the bunch structure, on a
turn-by-turn basis, to natch a moving bucket in the AGS
or to provide bunch-to-bunch intensity nodulation. The
pulse program is stored in a digital delay generator
with 2x1024 RAM locations that contain the phase and
width of each pulse. The RAM locations can be cycled
through with a clock derived directly from the AGS
fundamental RF frequency.

The fast chopper can be used in conjunction with a
fixed frequency sine wave chopper, which is located
after the RFQ, to fill only single microbunches of the
200 MKz linac. This feature is useful for high resolu-
tion time-of-flight experiments by linac beam users.
Because the second chopper is a narrow band device, it
is driven by a high 0 tank circuit, thus requiring
modest drive power for the high voltages needed to
deflect the 750 keV beam. The duty factor, being de-
termined by the first chopper, is adjustable from one
bunch every 10 microseconds to one bunch per macro-
pulse.

Instrumentation

The new LEBT line will have sufficient beam in-
strumentation to study the complex transport during the
commissioning phase, and to isolate the origin of beam
loss in the operational phase. Beam current transfor-
mers (X0-X4) and enittance analyzers (E1-E4) are dis-
tributed along the system. A segmented Faraday cup
(3F) can be inserted in front of the RFQ to aid in
steering and focusing the beam. The longitudinal den-
sity distribution of the beam coming from the RFO will
be studied using a wideband coaxial Faraday cup (CF).
A beam phase pickup probe (3P), located just upstream
of the Linac, will be used to tune the 3 RF cavities
which match the bunched beam to the Linac.

The beam current transformers will use damping
resistors around the secondary winding [101 to provide
at least a 3 MHz bandwidth to allow viewing the chopped
beam. Eaittance measurements will be made using the
conventional slit-multicollector array detector [11]
through the new Apollo based control system. The seg-
mented Faraday cup will be supplied by LBL with the
RFO. It consists of a center bullseye matched to the
RFO aperture for focusing, and 4 outer sectors for

steering information. The coaxial Faraday cup is com-
mercially available.[12] It Is water-iooled and has a
useful bandwidth in excess of 2 GHz. The beam phase
pickup has not been selected as yet, but might be an
annular ring type, a strlpline type, or a resistive
gap.

Schedule

Delivery of the R.F0 is scheduled for October,
1987. After P-F power testing, thorough beam tests will
be conducted until mid 1983. At that time C-W :H and
the present ilr.e upstream of D2 will be removed and the
area rebuilt according to Fig. 1. The RFQ-Linac com-
bination will be commissioned in the fall of that year
while the AGS operates with polarized protons and heavy
ions. Production running with the RFO for proton accel-
eration In the AGS will commence in January 1989.
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