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The Brookhaven National Laboratory polarized H~
injection program for the AGS utilizes a Radio Fre-
quency Quadrupole (RFQ) for acceleration between the
polarized H~ source and the Alvarez Linac. The RFQ
accelerator is now in operation with low beam currents.
The results of low and high power rf testing will be
reported together with initial results of operation in
the polarized H~ beam line.

Introduction

Brookhaven National Laboratory utilizes a Radio
Frequency Quadrupole Accelerator for acceleration be-
tween the polarized R~ Ion source and the Alvarez Lin-
ac. This RFQ is required to accelerate a maximum of
0.02 anperes from 20 kV to 760 kV and with a duty cycle
of 0.252. The rf power required to drive the RFQ is
provided by a subsystem of the existing linac rf equip-
ment and operates at 201.25 MHz. The low beam current
results in a maximum of 150 watts of power to be dissi-
pated in the RFQ structure. Testing of polarized H~
inaction into the Alvarez Linac h3s been carried out
intermittently over a three-month period. A maximum
beam current of 9 HA has been accelerated by the RFQ
(limited by the ion source) with a 80% transparency. A
maximum transparency of 85? has been observed. Heating
effects were observed during conditioning at: very high
rf power levels. At operating rf power levtls no heat-
ing effects are observed. During the fabrication and
assembly process a number of compromises were made
which do not appear to have affected the operating
performance of the device.

General Description

Table I lists some of the RFQ design parameters.

TABLE I
RFQ DESIGN PARAMETERS

Frequency
Ion Species
Cavity Length
Cavity Diameter
No. of Cells (In vane)
Vane Length
Intervane Voltage
Peak Surface Field
Average Radius, rQ

Final Radius, af

Final Modulation, m
Initial Synchronous Phase,
Final Synchronous Phase, ^
Estimated Peak RF Power

Nominal Current Limit
Nominal Acceptance

Initial Energy
Final Energy

201.25 MHz
H-
148.27 cm
32.4 cm
144
130.28 cm
63 kV
20.9 MV/m
0.4638 cm
0.299 cm
1.969
-90°
-30°

60 kW (120 kW
operational)

56 mA
2.7 %uir-uir
(normalized)

20 keV
760 keV

All major features of the design and fabrication
have been described elsewhere together with sons of the
changes in procedure tha't were made as the fabrication
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developed. It had originally been intended that the
vanes would be fabricated by LASL but scheduling prob-
lems at LASL and BNL prevented this approach. The
final fabrication of vanes took place at BNL from vane
blanks fabricated by an outside vendor. The active
profile on the vane tips was machined at BNL using
information supplied by LASL and with modification to
this information carried out at BNL. The decision to
utilize a right angle drive head on the N.C. milling of
the vane tip profile as shown in Fig. 1, and changes in
tht required copper plate thickness resulted in major
changes to the N.C. milling machine preprocessor code.
These changes in the preprocessor code resulted in a
deterioration of the obtained surface finish with an
estimated surface roughness of approximately 125 Winch
and with an Irregular step of approximately 0.002
inches appearing over the surface profile after copper
plating.

Fig. 1. N.C. calling of RFQ vanes.

During the machining of the cavity inside surface,
tortional vibration of the boring head resulted in tool
chatter marking. At the copper plating stage of the
cavity, chemistry problems developed in the acid copper
bath which required the initial plate to be stripped
off. This stripping process introduced a further
deterioration of the steel surface to give an approxi-
mate surface finish of 64 jJinch after copper plating
over much of the interior surface of the cavity.

At the assembly stage, the optical tooling methods
for alignment of the vanes could not be used. The
vanes were first aligned by direct mechanical measure-
ment with final alignment referenced to the low power
rf measurements. After all vane installation work was
complete a second set of mechanical measurements were
made to be used as part of the installation procedure
of the RFQ cavity. This last set of measurements could
not be carried out with precision leading to uncer-
tainty in the location of the cavity with respect to
the beam line axis.

Final alignment for getting both the required
field distribution and the determination of the beam
line axis were based on rf measurements. Let us first
assume that we have a mechanically perfect symmetrical
cavity. Uith such a cavity there ace two important
conditions that are fulfilled: the first, is that the
fields of the operating TE211 mode are uniform in all
four quadrants, and the second is that each of the
^generate pair of TE111 nodes have the same frequency.

ie above two conditions can only exist simultaneously
! j.^ all the quadrants have the same geometric cross



section (but the actual cross section may vary along
the axis of the structure), and the cavity axis is in
th! geometric center of the vane tips. The frequencies
of the degenerate pair of TE111 modes, are therefore,
an important parameter for establishing a criteria of
what constitutes a properly tuned cavity.

The mechanical support system allows the vanes to
he adjusted both radially and transversely. It was
possible to find a number of solutions that .satisfied
the condition that the fields of the operating TE211
mode were reasonably uniform in all four quadrants, but
the frequency spacing of the TE111 modes were anywhere
from 1.6 to 5 MHz. The final solution selected was
where this spacing was 1.6 MHz. It was felt that under
these conditions that f.he cavity axis was within a few
thousandths of an inch from the geometric center of the
vane tips. Had time been available, since making con-
trolled variations of the position of the vane is very
tedious and time consuming, this splitting of the TE111
modes could have been made considerably smaller.

Under these conditions, the RFQ has operated
satisfactorily at all times, being reliable in opera-
tion and requiring little or no retuning between opera-
tions periods. The usual method of approach to start
up is to drive the cavity at 120 kW peak power, 600
Vsec pulse length 5 PPS for approximately 10 minutes.
With the cavity at temperature, the pulse rate is re-
duced to one pulse every 2 seconds for polarized beam
acceleration. No thermal effects are noted when the
cavity is driven at its operating power level. The
increased surface roughness at the vane tip was a major
cause for concern. At low r^ power levels some multi-
pac^oring occurs and it is necessary to drive through
this region rapidly. At 130 kW peak power sorae inter-
vane voltage break down occurs but decreases with con-
ditioning. Since the roughness of a surface is one
factor among many which contributes to voltage break-
down, considerable attention was paid to quality of
copper plate, and to surface cleanliness during as-
sembly.

RFQ Performance

A schematic diagram of the 200 MeV Linac LEBT
system including the RFQ location is shown in Fig. 2.
The RFQ complete on its transportation stand in the
beam line is shown in Fig. 3.

Fig. 2. 200 MeV Linac LEBT system.

The eraittance of the 200 keV H~ source has been
measured. With the solenoidal field in the charge ex-
change region set to operating values for good polar-
ized H~ intensity, the measured values for horizontal

and vertical emittances are comparable to those obtain-
ed by Hennies, et a l . z for this type of source, namely

E = 0 . 6 " (mm-mrad, normalized).

Before installing the RFQ, the Twiss parameters <*, 8, Y
were determined at the exit of the ;x..al Einzel lens
and adjusted to those desired for proper matching to
the RFQ.

With the RFQ in position, 0.5 VA of beam was
transmitted and accelerated immediately. Aftec some
empirical adjustments of the 20 keV steering and lens
units, the current through the RFQ reached 1.0 VA. and
the energy of 760 keV was confirmed by bending through
the first 60° dipole. Subsequent refinements to the
steering, focussing, and RFQ power level have brought
the transmission up to a maximum of 35%, with 80% being
the usual value. The maximum RFQ current has been
about 9 VA., depending on source conditions. Fig. 4
shows a plot of preliminary data of the operating
characteristics as a function of rf power level in the
cavity.
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Fig. 4. RFQ operating characteristics rf power.

There is an emittance device straight ahead from
the RFQ. Preliminary results from it yield output
emittances of

E^ = 0.8 if (mm-mrad, normalized)

for 90% of the beam. There is a substantial amount of
noise picked up by the endttance devices which has
inhibited thorough investigation of the beam character-
istics. The ecuttance dilution of 8/6 = 1.3 through



tile 'RFQ may scill be a result of imperfect matching of
fhe 20 keV beam to the RFQ and it could be partially
due to the lack of a radially matching section at the
RFQ exit (the nominal bunch width in rf phase is - 20°,
which leads to a certain amount of variation in radial
motion for particles exiting at different phases).

Following the RFQ are two 60° dipoles. We suffer
an as yet unexplained beam loss of about 402 in going
through that region to the next Faraday cup. Further
study time must be allotted to finding the reason for
this loss. It should not be due to a large momentum
spread, since a profile device between tha two dipoles
exhibits a well contained beam, and the dipole-dipole
optics are designed to leave the beam dispersion free.
The actual (£p/p) for the RFQ beam has not yet been
well determined.

Along the 5.8 meter path from RFQ to Llnac, there
are three rf cavities whose function is to preserve the
bunch structure so that the 760 keV beam can be cap-
tured in the Linac accelerating buckets without loss.
Empirical adjustment of th* RFQ and cavity phase hss
been necessary so far since absolute phases with
respect to the Linac are not yet available. Kith cavi-
cy amplitude tuning as well, The capture efficiency,
measured between entrance and exit of the Linac, is at
least 90%, fcithin the present accuracy of the Faraday
cup calibrations.
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Conclusions

The BNL R1Q accelerator has been in intermittent
operation for three months and has performed satis-
factorily. Testing is continuing to determine the
operating characteristics and upper limits of this
device as part of the polarized H~ beac line, full
results will be.published later. As diagnostic systems
are improved, limitations caused by vane misalignment,
eCr.., may appear.
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