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Abstract

This paper describes a design for the front end of a
superconducting (SC) ion linac which can accept and
simultaneously accelerate two charge states of uranium
from an ECR ion source. This mode of operation
increases the beam current available for the heaviest ions
by a factor of two. We discuss the 12 MeV/u prestripper
section of the Rare Isotope Accelerator (HA) driver
linac including the LEBT, RFQ, MEBT and SC sections,
with a total voltageof112 MV.

Tle LEBT consists of two bunchers and electrostatic
quadruples. The fundamental frequency of both
bunchers is half of the RFQ frequency. The f~st buncher
is a mukiharmonic buncher, designed to accept more
than 80% of each charge state and to form bunches of
extremely low longitudinal emittrmce (rms emittance is
lower than 0.2 mkeV/wnsec) at the output of the RFQ.
The second buncher is located directly in front of the
RFQ and matches the velocity of each charge-state
bunch to the design input velocity of the RFQ. We
present full 3D simulations of a two-eharge-state
uranium beam including space charge forces in the
LEBT and RFQ, realistic distributions of all eleernc and
magnetic fields along the whole prestripper linac, and
the effects of errors, evaluated for several design options
for the prestripper Iinac. The results indicate that it is
possible to accelerate two charge states while keeping
emittance growth within tolerable limits.

I INTRODUCTION

Tke Rare Isotope Accelerator (RI& Facility requires a
1.3 GeV Iinac which would accelerate the full mass
range of ions and would deliver -400 kW of uranium
beam at an energy of 400 MeV per nucleon [1,2]. The
driver would consist of an ECR ion source and a shorn
normally-conducting RFQ injector section which would
feed beams of virtually any ion into the major portion of
the accelerator an array of more than 400
superconducting (SC) cavities of seven different types,
ranging in frequency from 57.5 to 805 MHz. The linac
contains two stripping targets, at 12 MeV/u and 85
MeV/u, for the uranium beam. A novel feature of the
Iinac is the acceleration of beams containing more than
one charge state [3,4]. The front end of the RIA driver
Iinac consists of a ECR ion source, a LEBT, a 57.5 MHz
RFQ, a MEBT and a section of SRF drift-tube Iinac.

The present-day performance of ECR ion sources, and
considerations based on fundamental limiting processes
in the formation of high-charge state uranium ions in

such sources, indicate that uranium beam intensities as
high as 7 ppA in a single charge state of 29+ or 30+ are
unlikely to be obtained in the near future. Such a high
current is required in order to produce the RIA driver
linac design goal of a 400 kW uranium beam, even if we
assume multiple charge state beam acceleration
following the fwst srnpper.

This paper discusses in detail a solution to this
limitation. It doubles the heavy-ion beam intensity
accepting two charge states from the ion source.

2 DESIGN OF THE FRONT END

2.1 LEBT

by

The LEBT is designed for the selection and separation
of the required ion species and the acceptance of single-
or two-charge states by the following RFQ structure. The
fmt portion of the LEBT is an achromatic bending
magnet seetion for charge analysis and selection. For the
heaviest ions, such as uranium ions, the transport system
must deliver to the entrance of the fwst buncher a two-
charge-state beam with similar Twiss parameters for
both charge states. The design features of the two-charge
selector will be discussed elsewhere. The ECR is placed
on a high voltage platform. The voltage VO=IOOkV is
adequate to avoid space charge effects in the LEBT and
RFQ and to keep the RFQ length to less than 4 m.

A simplified layout of the second part of the LEBT is
shown in Fig. 1. This part of the LEBT solves the
following tasks: a) Beam bunching by a four-harmonic
external buncher B, (the fundamental frequency is 28.75
MHz); b) Velocity equalization of two different charge
states by the buncher B,, operating at 28.75 MI@ c)
Charge-insensitive transverse focusing of the 2-charge
state beam and matching to the RFQ acceptance by the
electrostatic quadruples Q,-Q.

The reference charge state for the design of the LEBT,
RFQ and MEBT is 29.5. The RFQ injector is designed to
accelerate any beam from protons to uranium to a
velocity v/c = 0.01893 at the exit of the RFQ.

The computer code CC)SY [5] was used in order to
design and optimize the LEBT taking into account terms
through third order. The final beam dynamics simulation
has been performed by the DYNAMION code [6] where
the equations of motion are solved in a general
approximation using realistic 3D electrostatic fields of
the quadruples and rf bunchers, including space charge
forces for the multi-charged ion beams. Realistic 3D
fields for the electrostatic quadn.qdes were calculated
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Figure 2: CTR gated integrator signal vs alpha magnet
current.

alpha-magnet scraper scan is performed. Simulations
show a microbunch profile that has a Iow-emittance,
high-energy core beam and a high-emittance, low-
energy tail. The scraper scan is performed to opti-
mize removal of the low-energy tail. Figure 3 shows a
typical scraper scan where the CTR signal is plotted
vs scraper position. The edge of the core beam is at
approximately 9.5 cm. Figure 4 shows a plot of CTR
signal vs beam current, as measured by a beam posi-
tion monitor (BPM) adjacent to the CTR foil, taken
during the scraper scan. Included with the data is
a quadratic fit, showing the expected quadratic de-
pendence of the coherent radiation on the number of
particles.
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Figure 3: CTR gated integrator signal vs alpha-
magnet scraper position.

3 BUNCH PROFILE Measurement

Once the scraper position is determined, the inter-
ferometer is used to measure the autocorrelation of
the digitized gated integrator CTR signal. Figure 5
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Figure 4: Plot of CTR gated integrator si~al vs beam
current as measured by a BPM. The plot shows a
quadratic fit along with the data indicating a strong
quadratic dependence of the CTR.

shows the autocorrelation measured for a beam of 1
nC in 23 S-band micropulses. Autocorrelation pro-
cessing begins with taking the fast Fourier transform
(FFT) of the autocorrelation, which gives the square of
the bunch spectrum. The method of Lai and Sievers is
then used to reconstruct the phase spectrum from the
amplitude spectrum by computing a principal value
integral. Once the phase spectrum is obtained, an
inverse FFT is performed to derive the microbunch
profile. Additional processing is performed to cor-
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Figure 5: Autocorrelation of the gated integrator CTR
signal.

rect for the reduced response of the Golay detector at
low frequencies (long wavelengths). Since any bunch
spectrum approaches low frequencies quadratically, a
quadratic fit is performed for frequencies from the Go-
lay detector 3-dB point to a user-selectable higher fre-
quency, typically including 3 to 5 frequency points [3].
The fit is then used to extrapolate quadratically to
DC from the Golay detector 3-dB point. Figure 6



shows the amplitude spectrum derived from the mea-
sured autocorrelation and the corrected spectrum for
low frequencies. The main effects of this low-frequency
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Figure 6: Amplitude spectrum derived from the au-
tocorrelation and corrected spectrum at long wave-
lengths.

correction is to broaden the derived bunch profile and
flatten the dips in the autocorrelation adjacent to the
peak. These dips axe unphysical since the autocorre-
Iation is always positive. Figure 7 shows the derived
bunch profile from the the corrected autocorrelation
spectrum. The overall profile contains a high-current
peak (> 100 amperes), a lower current shoulder, and
is overall about 400 fs wide. This beam was used for
SASE measurements.
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Figure 7: Bunch profile derived from corrected auto-
correlation amplitude spectrum.

4 LIEASUREMEXT OF SASE GAIN

The beam prepared as described above was accelerated
to 217 MeV. The emittance was measured in the trans-
port line using the standard three-screen technique,
giving a normalized emittance of approximately 10 m

mm. The energy spread is estimated to be O.lYO.The
beam was transported to the undulator hall and passed
through five APS undulatory with diagnostics stations
between them. Figure 8 shows the measured photon
intensity (corrected for spontaneous background) at
each undulator diagnostic station. The solid line is an
exponential fit to the data showing a gain length of 1.3
m for both undulator radiation and coherent transition
radiation data [5], in agreement with a calculation us-
ing the previously listed peak current, emittance, and
energy spread.

The rf thermionic gun beam was quite stable once
tuning was completed. One limitation of the beam
is that the microbunch length is on the order of the
electron slippage length. The final saturated power is
therefore expected to be lower for this beam.
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Figure 8: SASE gain measured at undulator diagnos-
tics stations.
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