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BEAM TESTS OF THE 12 MHz RFQ RIB INJECTOR FOR ATLAS
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Abstract showing the Dynamitron injector, RFQ, and beam diag-

, nostic system is shown in Fig. 1. A more comprehensive
Beam tests of the ANL 12 MHz Radio-Frequency Quadyescrintion of the system is given in previous work [5].

rupole (RFQ), designed for use as the initial element ofgo,m energies were measured using a silicon (Si)

an injector system for radioactive beams into the eXiSti%arged-particle detector placed 1.4 m away from the
ATLAS accelerators, are in progress. Recent higlhrq exit. The energies were measured following either
v_oltage tests of the RFQ without beam ac_hleved the dgract implantation, with the detector placed Atdla-
sign intervane voltage of 100 kV cw, enabling beam te§ige {6 the beam direction, or following elastic scattering
with A/q as large as 132 using beams from the ANkom 4 very thin foil (231g/cn? Au with a 5.3ug/cnt C
Physics Division 4 MV Dynar_mtron accelerator fac'“ty-backing). In the elastic scattering mode, the detector
Although the RFQ was designed for bunched beamgas piaced at 2Gelative to the beam direction. Energy
initial tests have been performed with unbunched beamsyiprations were performed for beams of bbtke and
Experiments with stable, unbunched beams of singlyg, yith energies determined by the Dynamitron termi-

charged*Xe and”Kr measured the output beam energy voltage, without the use of the RFQ, and were found
distribution as a function of the RFQ operating voltagg, pe |inear throughout the energy range of interest.
The observed energies are in excellent agreement with

numerical beam simulations.

Beam Diagnosti
Si Detector System

1 INTRODUCTION

A prototype split-coaxial 12 MHz cw RFQ accelerator Magnetic Dipole Steering
[1] has been constructed. The RFQ will form the initial
element of a preaccelerator system [2,3] for injecting
radioactive ion beams into the existing ATLAS accel-

/ x\@// RFQ
erators at ANL. Early tests of the RFQ [4] have SN

Dynamitron
achieved stable operation at a cw intervane voltage of __ H}_-—&g&” Magnetic Quadrupole

. . Focusing
102 kV with an rf input power of 17 kW. More recently, /
with further conditioning cw operation as high as 108 kV 0 5 10 15 20
has been achieved, a voltage well above the design value switching Magnets Scde: feet
of 100 kV.

Following these voltage tests, we have injected thggure 1: Schematic overhead view of the RFQ beamline
RFQ with singly-charged ions of mass up to 132, thg the Dynamitron injector facility.
highestA/q beam the RFQ was designed to accelerate.

The RFQ was designed to be injected with pre-bunched 3 NUMERICAL SIMULATIONS

beams. Tests to date have been with injection of dc,

unbunched beams. As shown below, much informatiqy,merical simulation of unbunched beamsAdd = 132

can be obtained from accelerating an unbunched bealpy g4 accelerated by the RFQ was performed using the
For example, both experiment and numerical simulatiofn; BeamTrak code. The ANL BeamTrak code fully
show that about 15% of an injected dc beam is accelgfz ks the position and velocity of each individual parti-
ated. _ cle of a bunch through the entire RFQ structure.

The following reports the results of energy measure- A, unbunched beam was simulated by considering a
ments performed on RFQ-accelerated beams of Ujinch 86 ns wide at the entrance of the RFQ, uniformly
bunched“Xe and"Kr and compares the results t0 thjjing a complete rf period of the RFQ. An actual dc
predictions resulting from numerical simulation of theam would consist of a superposition of a series of such
RFQ beam dynamics. bunches. A single 86 ns bunch is, however, completely

representative of such a superposed ensemble.
2 EXPERIMENTAL SETUP In what follows, we show the results of simulation in

Beam tests of the RFQ were performed at the ANterms of the coordinate and velocity distribution of the
Physics Division 4 MV Dynamitron accelerator facility.particles relative to the “bunch” centroid. Figure 2
At present, we inject unbunched beam into the RFQ afiows the longitudinal phase space of a bunch 030
do not include transverse matching elements at the éh-132 particles, representing a singly-chargéXe
trance and exit of the RFQ. A schematic overhead vidigam. The bunch has an initial time width of 86 ns and
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mean energy of 378 keV, and is then simulated travellingtion results are qualitatively similar to tf&Xe case.
through the RFQ at an intervane voltage of 99 kV. THaoth the longitudinal phase space and theoretical energy
figure shows the bunch after exiting the RFQ and drifspectrum representing a bunch of 500 singly-charged
ing until the leading edge intercepts the detector, locat&Hr particles at the RFQ exit indicated a clear peak near
1.4 m past the RFQ exit. Note that at this point in tim&60 keV, the accelerated portion of the beam, which was
while most of the particles (each represented by a crogs)ll separated and resolved from the remainder of the
have been unaccelerated or even partially deceleratbéam.

about 15% are accelerated. These accelerated particles

form a bunch with an energy nearly 700 keV higher and 60—
a time lead of 800 ns relative to the centroid of the entire Lo 12y a ]
500 particle segment of the original segment of dc beam. 120 i v — 99 kV ]
Note that since the centroid energy of the entire pseudo- i vane ]
bunch is 685 keV, the accelerated portion of the beam @ I
arrives at the detector at a total energy of 1368 keV. At 5 80 i
this point in time, the original 86 ns wide bunch has S i
spread out, and extends over nearlyls6 ]
40 - .
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At (ns) 4.1 Beam tests witfXe

Figure 2: Numerically simulated longitudinal phasgeam tests witH*Xe were performed by injecting an
space of 500*Xe particles at the RFQ exit. The cenunbunched 378 keV beam from the Dynamitron into the
troid energy of accelerated beam is 1368 keV. RFQ operating at voltages in the range of 80-99 kV. lon
energies were measured using the elastic scattering
An energy spectrum can be obtained from the simprethod described in Section 2. This method allows the
lated-beam longitudinal phase space by projecting thgtector to be shielded from the high background of x
number of particles that fall within a specified range Ofhys and electrons emitted by the RFQ.
the energy axis. Performing this prOjeCtion and USing anEnergy spectra of acceleraté&Xe ions for RFQ oper-
energy bin size of 50 keV results in the histogram digting voltages of 99 kV and 85 kV are shown in the top
played in Fig. 3, where the y-axis corresponds to the SW§Rd bottom panels of Fig. 4, respectively. In each spec-
total of pal’tiC|eS counted in each 50 keV bin, for the di%rum, two distinct peaks can be seen, in agreement with
tribution shown in Flg 2. Two distinct peaks can bﬁ’]e simulations (See F|g 3) The |0west-energy peak
observed in Flg 3. The firSt, and most intense, is peak&flsp|ayed off-scale in F|g 4) is mosﬂy unaccelerated
near 300 keV. This peak has a high-energy “tail” with Beam, although a portion of this peak (about 20%) is
smaller peak visible near 700 keV. The most diStin(Hnown to be a background of x rays and/or electrons
peak is well resolved from the first and is located nNegfhich were also observed with the RFQ at these volt-
1360 keV. This spectrum can be compared to the exges, but with no injected beam. The precise position of
perimental spectrum generated from Si detector data (3§88 accelerated beam peak near 1400 keV is dependent
Section 4.1). on the RFQ operating voltage, and shifts from 1404
Simulations have also been performed f8Kabeam. kev/(top) to 1330 keV (bottom) with decreasing voltage.
In this case, the initial energy of the bunch is 241 keV i@entroid energies were determined by performing back-
order to maintain the velocity profile defined by the RFQround-corrected Gaussian fits to the line shapes of each
vane modulations. The RFQ peak voltage, which scalgsak.
with A/g, must be set at 65 kV for this beam. The simu-
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5 SUMMARY

Energy (keV)
Initial beam tests of the Argonne 12 MHz RFQ using
Figure 4: Experimental spectra of accelerdf®k ions "*Xe and“Kr have been performed. The measured beam
using an RFQ operating voltage of 99 kV (top) and 8snergies at the output of the RFQ are in excellent agree-
kV (bottom). ment with the results of numerical simulation. Future
experiments will make use of the subnanosecond timing
The energy of acceleratéiXe beam was measuredresolutions of Si detectors to measure the longitudinal
for five different RFQ operating voltages, as seen in Figmittance of accelerated beam.
5, which compares the results to the predictions from the
numerical simulations described in Section 3. The beam
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