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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-H818, Los Alamos, NM 87545

ABSTRACT

The Los Alamos versions of the Penning Surface-Plasma Source
(SPS) routinely 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 mm¢). Our modeling with the
SNOW code indicates that the beam from a 5.4-mm-diam circular emit-
ter will have lower emittance and divergence for transport to and
injection into our radio-frequency quadrupole (RFQ) accelerator.
This paper describes a newly constructed Penning SPS that has most
of its discharge chamber dimensions scaled up by a factor of 4 to
accomnodate this circular emitter.

INTRODUCT[ON

As part of an ongoing effort to study the acceleration of H-
jons in a RFQ accelerator!, we studied?,? several H- SPS sources and
built an injector' incorporating a Penning SPS.®> We find that after
extracting, acceleratina, and transporting the slit beam from the
injector source to the emittance scanners (v30 cm total distance),
coupling offects cause the transverse plane emittances to be nearly
equal,” even though the initial transverse-plane-emittance ratios
almost reflect the 0.0%:1 ratio in slit dimensions. Using this
tinding, it is straightforward to show that use of a circular emil-
Lt having the same H= emission current density and total current as
the slit emittor results in a lower H= beoam emittance. For a slit
emitter of area 4ab (P04 = b) and total current I, the emission cur-
rent. densily  is 41/b7. For the aperture emitter o area nRC and
total curvent. 1, the emission current Jdensily is 1/nR? = H1/b7, so
R = 0.26h. Since the two-dimensional, normalized emittance oy is
proport.ional to the emitter dimensions whether ion temperature or
aberrations dominate the optics, a circular emittor is expected to
produce a lTowor emittance H= beam than the slit emitter.

Fven if the 0.05:1 ratio in transverse beam emittance ot ex-
traction could be preserved in transporting the slit beam Lo the
RE), coupling of Lhe two Lransverse and Lthe loagitudinal plage emit -
tances, mostly by space-charge otfects in the REQ, will cause the
val fo of the tranuverse plane emittances to be nearly 1:1 at the RIQ
exit'".  Theretore, we built a new Penning  SPS incorporating a cir-
cular emitter and a spherical extractor.  See Ref. 7 fer an account
of o provious Penning SPS cirvceular aperture work.
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SOURCE DESIGN

We used the SNOW code® to study the ion-extraction and beam-
formation optics. The extraction system is designed to provide a
total .= crrrent of 160 mA. The electrode design resulting
from the SNOW calculations is shown in Fig. 1A. The emission aper-
ture is 5.4-mm diam: the extraction electrode, 3.4-mm diam; the
extraction gap, 4.7 mm; and the gap voltage, 29 kV. We succeeded
in keeping the dasigned extraction gap electric field below
120 kV/cm. The emittance predicted by the SNOW code for the H-
beam at the exit of the extraction electrode (z = 12.5 mm in
Fig. 1A.) is 0.009m cmemrad. This number is derived in the following
manner. A total of 670 rays were launched from the injection plane,
located at Z = 0 in Fig.1A. 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 show. in rig. 1B. The two-dimensional normalized rms
emittance is calculated from this distribution according to the
formula

2 1/2
aperfure - (Ry /\f" [ — ] / . (1)

where R and vy are the usual relativistic parameters. If the H™ beam
current fluctuates no more than + 20% about tne 160-mA design value,
the SNOV code predicts the time-averaged emittance will increase by
a factor of 1.9 because of variations in the phase-space orientation
after  oxtraction.  Thus, it may be possible to kev) £,y below our
previously recorded lowest value of 0.02r1 cmemrad. =»” The SNOW cal-
culations assume an injected ion energy of 100 eV t() avoid nonuni-
form current density build-up, thereby probably underestimating the
H= beam emittance,

Since the SNOW design calls tor an - emission dUPHILy nf
/00 mA/cm? compared  to our proviousiy measured values of -3 AMem?
we decided to scale the source size up by a factor of 4 and reduce
the  plasma density  and Lhe 117 emission current donsily by a tactore
of 4 arcording to the law of simitarily. This reduction of the
plasma censily results inoa similar decrease in the cathode-power
loading, thus allowing a substantial  increase in Lthe are duty
tactor, The enlarged source, snown in Fig. ?, has a cathode-cathode
gap of 17 mm,  large cnough Lo accommodate the emission aperture.
We refer to Lhis enlarged Penning 5P5 as the 4X source. A compari-
con of the source dimensions and enticipated operabing paramet.oers
of the A4X somrce with Lhe values for 106 w0V oinjector source is
given an Table T,

Unlike Lhe 100-LeV injector source whose are magnetic Field s
driven by a permanent magnet. cirvcuit, the 4X source magnet circuit
is driven by an electromagnet. coil, allowing Lhe arc magnetic tield
Lo he varied,  The Tower are field, coupled with the  higher gap




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, shown in Fig. 7 of Ref. 4.

(8)

Fig. 1. (A) SNOW-code caleulation of the M= jon trajectoriogy tor
Lhee AX source  oxtraction optics; (B)  Phase-space  diagram  al
/ 122 mm caleulatod by the SNOW code,



= \
N Y
| oW ARC
REGION
ANODE
2 CATHODE

SOURCE FLANGE

- ——MAGNET COIL

EXTRACTOR

cm

Fig. 2. The AX scaled source.  Top vicd:
arc magnetic field in the plane of the
paper:  lower view: arc magnetic field
divection (x) out ot the paper. At the
Toft are 24 blowups of the arc region.

SOURCE STATUS

A photograph of  Lhe assembled  4X
source is shown in Fig. 3. We will study
the arc  discharge, U™ beam extraction,
and discharge oseillations, as well as
Lthe 1= beam emittance. The enlarged
arc  volume may allow  some  discharge
plasma measurements, We also plan to
study the electron loading of the ex-
traction electrode and ways to control
and/or alleviate this problem.
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tig. 3. The 4X source.



Table I. Comparison of 4X Source with 100-keV Injector Source

DIMENSION/PARAMETER 4X SOURCE 100-keV INJECTOR SOURCEa
Cathode-cathode gap, mm 17 4.3
Arc slot width, mm 12 3
Arc slot length, mm 16 12
Arc magnetic field, T 0.05b 0.22
Emitter dimensions, mm 5.4 diam 0.5 x 10
Extraction gap, mm 4.7 2.5
Extraction voltage, kV 29 22
Arc voltage, V 100 100
Arc current, A 210 180
H= current, mA 160 160
Cathode power load, kW/cm? 1.5-4 7-16
Duty factor, % 5 0.5

a) Pef. 4.

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