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A SCALED, CIRCULAR-EMITTER PENNING SPS FOR INTENSE H- BEAMS*

H. Vernon Smith, Jr., Paul Allisor,, and Joseph D. Sherman
Los Alamos National Laboratory, MS-H81FI, Los Alamos, NM 87545

ABSTRACT

The Los Alamos versions of the Penning Surface-Plasma Source
(SPS) rout inely generate H- Ion beams with pulsed currents over
100 mA. However, these sources employ geometries that result in the
extraction of slit beams (0.5 x 10 rmr~). Our modeling with the
SNOW code indicates that the beam from a 5.4-mn-diam circular emit-
ter will have lower emittance and divergence for transport to and
injection into our radio-frequency quadruple (RFQ) accelerator.
This paper describes a newly constructed Penning SPS that.has most
of its discnarge chamber dimensions scaled up by a factor of 4 to
accormnodate this circular emitter.

INTRODL!CTION



SOURCE DESiGN

We used the SNOW codeO to study the ion-extraction and beam-
formation optics. The extraction ~ystem is designed to provide a
total 11- cll~rent of 160 mAm The electrode design resulting
from the SNOW calculations is shown in Fig. 1A. The emission aper-
ture is 5.4-mm diam: the extraction e]ectrode, 3.4-~ diam; the
extraction gap, 4.7 mm; and the gap voltage, 29 kV. We succeeded
in keeping the designed extraction gap electric field below
120 kV/cm. The emittance predicted by the SNOW code for the H-
b~am at the exit of the extraction electrode (z = 12.5 mm in
Fig. 1A.) is 0.009Tr cm”mrad. This number is derived in the following
manner. A total of 670 rays were launched from the injection plane,
located at Z = O in Fig.lA. The rays were given a distribution of
angles with respect to the Z-axis appropriate for an H- ion tem-
perature of 4 eV, the average of our previous estimates for this
parameter (3 eV in Ref. 4, 5 eV in Ref. 3). SNOW self-consistently
calculated each ray through the extraction optics to the extractor
exit. The distribution in phase space of the surviving 519 rays at
7.❑ 12.5 mm is sh~wi, in rig. lB. The two-dimensional normalized rms
emittance is calculated from this distribution according to the
formula

(1)
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voltage, resuits in a bend angle of 4.6° for the 4X source, compared
to 8.1° for the injector source. The low bend angle will allow the
4X source to be close-coupled to the 100-keV injector column as is
the present injector source, stlown in Fig. 7 of Ref. 4.
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Table I. Comparison of 4X Source with 100-keV Injector Source

DIMENSION/PARAMETER

Cathode-cathode gap, mm
Arc slot width, rmn
Arc slot length, rrmn
Arc magnetic field, T
Emitter dimensions, mm
Extraction gap, mn
Extraction voltage, kV
Arc voltage, V
Arc current, A
H- current, mA
Cathode power load, kW/cm2
Duty factor, %

4X SOURCE

17
12
16
o.05b
5.4 diam
4.7
29
100
210
160
1.5-4
%5

100-keV INJECTOR 50URCEa

4.3
3

;?22
0.5X 10
2.5
22
100
18C
160
7-16
0.5

~nef. 4.
b) 0.14 T if magnetic field suppresses electrons in extraction gap.
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