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G. D. Alton, T. Zhang Y. Liu, C. A. Reed C. Williams,
Oak Ridge National Laboratory, P. O. Box 2008, Oak Ridge, TN 38731-6368 USA

Abstract are most frequently used for generating multiply charged
, . ion beams for which the plasma confining magnetic field
A high temperature, low-charge-state, “volume-typep, st pe optimized at high field values, the magnetic field
source has been designed for use in the nuclear phySigs 4150 be customized to accentuate low charge-state
and nuclear astrophysics research radioactive ion bep peam generation as required for radioactive ion beam
(RIB) programs at the Holifield Radioactive lon beanaR|B) generation at the HRIBF. The present source
Facility (HRIBF). The source utilizes electromagneti esign is predicated on recent advances in ECR ion

coils to _geljerate_a large a_nd uniformly distributed Cemr_é!)urce technology effected by designing the magnetic
magnetic field with magnitude (875 G) chosen t0 be ifig|q 5o that the central magnetic field is uniformly

electron-cyclotron-resonance  (ECR) with  singlegisyinyted over a large volume with magnitude chosen to
frequency (2.45 GHz) microwave radiation. Among thge resonant with 2.45 GHz microwave radiation [1-4].
features of the source include: a variable mirror-ratio enlarging the ECR zones, the performances

ion extraction as required for optimizing low-charge statg,gjecular dissociation and ionization efficiencies) can

ion beam generation; a right-hand, circularly-polarizefle anhanced over those of conventional minin&im-
RF injection system to overcome the reIat|ver—Iowgeometry SOUrces.

. a o . )
cutoff-density, (n= 7.4x10%cm’) associated with the use In this report, we briefly describe, the mechanical

of 2.45 GHz microwave radiation; and a highyegign features, magnetic field design attributes, ion

temperature, Ir- or Re-coated-Ta plasma chamber & actionoptics and theRF injection system for the
reduce the residence times of radioactive species that afgce.

adsorbed on the walls of the chamber. No provisions are

made for radial plasma conflnemen.t due to the sensitivity 2 MECHANICAL DESIGN EEATURES

of permanent magnets to degradation by the large fluxes™ _ _ o .
of neutrons incumbent during target irradiation, routinel§\n isometric representation of the source is illustrated in
used for this purpose. Aspects of the design featuresfd@- 1. The source assembly consists of a tubular Ta

the source are described in this report. plasma chamber (inner diameter: 75 mm; length: ~265
mm) to which is welded tubular Ta production beam
1 INTRODUCTION entry and target chambers, positioned at right angles with

respect to the plasma chamber axis. The production beam
Chemically active species, diffused from target materialgill pass through the center of the plasma chamber, at a
for use at ISOL-based radioactive ion beam (RIBjght-angle with respect to the axis of symmetry of the
research facilities, often arrive at the ionization chambegburce, where it will interact with target material, located
of the source in a variety of molecular forms. Since hoin a target chamber diametrically opposed to the entry
cathode sources, such as the CERN-ISOLDE electropert, before coming to rest in a C-beam-stop. The plasma
beam-plasma ion source, presently used at the HRIBF, alad target chambers will be coated with Ir or Re because
not efficiently dissociate and ionize the atomi®f their low enthalpies for adsorption of many
constituents of such carriers, the species of interest @lectronegative members of the periodic chart to reduce
often distributed in a variety of side-band ion beams witifie residence times of RIB species that strike the plasma
different masses and thereby, their intensities are dilutélamber walls. The end flanges of the plasma chamber,
Since intensity is at a premium for nuclear physics arfoduction beam entry port, and target chamber ports
astrophysics research with RIBs, it is important tWIH be made of stainless Steel, fusion-bonded to Ta.
concentrate the species of interest into a single maddiese flanges will be equipped with knife-edge-type
channel. ECR ion sources are particularly effectiv@€tal-to-metal vacuum seals. Target materials will be
means for simultaneously dissociating molecules arfi¢ated to temperatures exceeding 2wy resistively

ionizing their atomic constituents. While these sourcd€ating a Ta-heater that surrounds the target material
reservoir. The plasma chamber will be independently

‘Research sponsored by the U.S. Department of energy under contfagated up to ~150C by Ta Wrap-around heaters. The
De-AC05-960R22464 with Lockheed Martin Energy Research Corp. large conductance target chamber is close-coupled to the
'On leave from China Institute of Atomic Energy (CIAE), Beijing. plasma chamber of the source in order to efficiently

‘Oak Ridge Institute of Science and Engineering (ORISE), Oak Ridgfransport radioactive species to the plasma chamber of
TN 37831-6368. the source
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= &  extraction end of the source, as required to optimize the
CARSON MNDOH / COLLIATR o E d:ﬁ“@\ efficiencies for dissociation of molecular carriers and
' ionization of their atomic constituents. While the mirror
coils serve to confine the plasma in the axial direction,
no analogous provisions are made for radial plasma
\WRBOfPUW confinement due to the sensitivity of permanent magnets
EXTRACT\ONPW to degradation by the large fluxes of neutrons incumbent
ELECTRODE during target irradiation, routinely used for this purpose.
ﬂy% As noted, the field is designed to be uniform over a

TRGET MATERAL length of ~75 mm. In order to produce a central field
3EAM STOP S distribution with the desired uniformity, high
- HEAT S = /j—' permeability, cylindrical geometry Fe shunts, located
BUSS JRa0-PNP & between the trim coils, are also required. The parameters
FIG. 1. Schematic representation of the high-temperatur®f the magnetic field system are listed in Tables 1 and 2.
low-charge-state ECR source 1700

1600 [

3 MAGNETIC FIELD DESIGN 1500 -

1400
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For the source to perform according to the
underlying principals, it is quintessential that the centrad
field region be uniformly distributed (flat) along the axis®
of symmetry of the source with magnitude *“*[/
commensurate with the value required for excitation with **{;
single-frequency, 2.45 GHz microwave radiation (B o f
875 G). The magnetic-field distribution, shown in Fig. 2, & /¢
was computationally designed to achieve this objective ™~
by use of the simulation code Poisson [5]. The required Avial Distance 2 ()
zzisce;tr?rir;;?;aga:elt?irLeg(I;?):} Izygfgrirsat?i?’mv:rth ;;\II IG 2 Axial magnetic field profile for the low-charge-state
. CR ion source.
diameters®122 mm) located at each end of the plasma
chamber; each coil system is housed in a magnetic flux__ TABLE 1. Mirror ratios of the axial magnetic field

1300 [

1200

return yoke (outer diameterd254 mm). The axial ~RFinjectionend: B./Be= ~2/1
magnetic field is designed with a fixed, high mirror ratiq 10" €xtraction end: B/Be,=1.1/11t01.8/1

at theRF injection end and a variable mirror ratio at the
TABLE 2. Magnetic field intensity and uniformity values for the magnetic field distribution

Peak Value: Peak Value: Flat-B Flat-B Bmax Bmin Primary Coil: RF Primary coil: ~ Trim Coil: RF Trim Coll :

Extraction end RF injection Region (cm) Uniformity (G) (G) injection end  Extraction end injection End Extraction End
(G) end (G) (%) (A.Turns) (A.Turns) (A.Turns) (A.Turns)
968 1646 8.5 +1.0 884 867 18700 7700 2500 -2800
1051 1644 8.0 +1.0 883 866 18650 8810 2000 -2800
1146 1638 7.5 +1.0 884 866 18550 10030 1520 -2800
1466 1600 7.5 +1.3 886 863 18170 15500 -1540 -2900
1572 1572 7.5 +1.0 884 866 17800 17800 -2900 -2900

4 EXTRACTION OPTICS | = PP@_MEQW% €

In order to ensure beams with good transport properties Fe

and minimise aberration effects imparted to the beam 4 qunaz

during extraction, a series of simulation design studies PP:§8OE% d2

for space charge limited extraction from the source were

performed with the simulation code, PBGuns [6]. Th& Eq.1, q is the chargeM the mass of the ion, aradis

following formula was used initially in choosing initial radius of the extraction aperture. Table 3 provides a list

values for certain parameters such as the extraction gaf,species, intensitiesRMS emittances and extraction

d, radius, r, of the aperture in the first extractionvoltages for the three-electrode extraction system under

electrode (cathode), and extraction voltagk, for space-charge-limited conditions. The axial mirror fields

space-charge limited flow through the system [7]: are taken into account during the simulatiorm
example of beam transport of a 1.62 mA bearfAof
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through the three electrode extraction system is shownrgctangular-to-circular transition wave-guide section.
Fig. 3. The finite element code ANSYS [8] was used in
determining the length of the converter that would
minimize reflected power. Fig. 4 illustrates the
dependence of reflected power on the length of the
rectangular-to-circular transition section. The results of
this studies also show that the forward power possesses
the frequency independent character of Rkeinjection
system. Fig. 5 shows that the electric field distribution is
concentrated near the axis of the uniformly distributed
magnetic field, in keeping with efficient coupling of the
RF power to the plasma.

as 50 55 60

1 mm / unit

FIG. 3. The beam profile of a 1.62 ni#Ar" beam extracted
from the "volume-type" ECR ion source
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From the figure, it can be seen that the spherical-secto§
plasma-electrode plays an important role in focusing the
beam; the field gradients between the focus electrode ang °
first and second extraction electrodes form a smooth *
extraction field, resulting in transportable beams with  :f
good emittance characteristics. This electrode system can of
also be used for extraction and transport of highly space-

f=2.45 GHz
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charge-domlnated proton beams. In thI.S sl,ltuatlon, OH%IG' 4. Reflected power ;/)ersus frequency for the RF
the first electrode is used for extraction; the second . . -
electrode is biased negatively by ~ -1 kV to repel _
secondary electrons generated by ion impact with bear Electric
transport components and residual gas atoms that wou Intensity
otherwise be accelerated to the source. The result « §
these studies suggest that a 200 mA proton beam can -
extracted from an 8-mm-diameter aperture at 55 kV. The . orns
RMSemittance for this case was found to be: g, = ~ 5x10? i
mmm mrad, =R
TABLE 3. Simulation results for different species extracted %%zé
from the “volume-type” ECR ion source )
Species  Intensity RMS Emittance V.. o
(mA) (Ttmm mrad) (kV) (kV)

C 1.62 4.54810" 7.0 20

0 1.62 3.99510* 8.0 20 '

Op 1.62 4.76&10* 8.0 20 FIG. 5. The electric field distribution in the plasma chamber

¥Kr 1.62 2.97&10* 10.6 20

¥2Xe 1.62 4.56%10" 12.8 20 6 REFERENCES
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5 RF INJECTION SYSTEM

The microwaveRF injection system features a right-hand
circular polarizer to avoid the relatively-low cut-off3.
density limit (n=7.4x10%cm’) associated with the use of
2.45 GHz microwave radiation. The microwave injectio@'
system consists of a 2.45 GHz, 2 kW magnetron power
supply, circulator, directional coupler, WR-340 wave
guide, stub-tuner, a right-hand circular polarizer, &
rectangular-to-circular wave-guide converter and a
circular plasma chamber. The microwave radiation
travels along the rectangular wave-guide in the,TEg,
mode; this mode is then converted to a,T&ode in a
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