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PULSED H BEAMS FROM PENNING SPSSOURCES
EQUIPPED WITH CIRCULAR EMITTERS

H. Vernon Smith, Jr., Juseph D). Sherman, and Paul Allison
MS-H818, Los Alamos Nauonal Laborawry, Los Alamos NM 87545

Abstract

We report the H" beam currents and emittances
produced when Penning Surface-Plasma Sources (SPS),
equipped with circular emitters, are puised at ~1% duty
factor. Two sources are now under investigation: the
small-angle source (SAS) and the 4X scurce. The 4X
source 1S designed to test the plasma scaling laws for
Penning SPS, SAS is the 1X device. The U.16 cm! dis-
charge volume of the SAS is ~30 times smaller than that of
the 4X source, 4.6 cm®. With a 0.25-cm diam circular emit-
ter. the SAS produces 82 :nA of 27-keV H' beam with nor-
malized rms emittance of 0.0053 x (0.0056 (n-cm-mrad)’.
With a 0.26-rm-diam circular emitter, the 4X source
produces 30 mA of 29-keV H' beam wiin emittance of
0 0049 x 0 D050 (n-cm-mrad)?. The measured datu are
compared with the predictions of the ion-optical code
SNOW.

Introduction

Surface Plasma Sources (SPS) are now heing used in
pulsed H injectors on several different accelerators,
including those at Brookhaven National Luboratory’,
Fermilab®, Los Alamos National Laberawry?, and the
Rutherford Laborstory.* SPS are typically used with slit
emitlers, althougn some work on circular emitters has
heen reported.!” We began the present study of Penning
SPS equippes with circular emitters because of the
rns?ect of simplitied beam transport to an accelerator.
he H currents and emittcnces that can be achieved are
of particular interest to us.

SAS Experimental Results

The SAS evolved from Dudnikov's original design®
and the subsequent Novosibirsk modification’ of LE:I.
design. It typically operates at ~0.5% duty factor and
produces ~ 150 mA of pulsed H beam with rmas normalized
vimittance of 0006 x 0.017 (4 cm mrad)’ from a 0.08 x

0 7 cem’ slit emitter. The beam fraction is typically 40% for
the rms emittnnece and 36% for the 4rms emittance. The
smission current density jj; is 2.7 A/cra?. With a 0.25.cm.
diam cireulnr emitter, A 030 em-diam ertractor, and a
026 rm gap, the SAS produces 82 mA of pulsed 27 keV H

henm with 0 0053 x 1) 0056 (7 cm mrad)? emittance (Table
I+ T'he emission current density 1s 1.7 A’em?, about 60 of
the shit benin result. Figure 1 shows a sample H' heam
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TABLEI COMPARISON OF THE SAS AND 4X
SOURCES
SAS 41X Source
Cathode cuthode gup, mm 44 17
Discharge slot width, mm i 17
[Discharge siot lenyn, mm 12 16
Mischar ¢ magnetic lield. T 022 "ol
Emitter diameter (2R), mm 25 )
Fxtraction gup, mm 2R [Nl
Iixtraction vollage, kY 27 29
Discharge voltage, V 100 92
Discharge current, A 120 130
Maximum H  current. mA e Ho*
Maximum jyy , Aem? 20 15
Maximum y R, Aem 25 02
Cias Now, T /8 14° 053
Discharge pulse length, ms I P
Repetition rate, Hz 5 5
Iy for enullance measurement . mA | 82 50
Il beam noise, % 1peak Lo peakt | *5
¢ current, mA 220 150
Filective kLJV LN N 5 4
ty, M cm mrad 0 D0s3 [IRINET]
vy, N em mrad 0 05 10050

at Iischarge parameters given are for the o current at whieh the
vimtlance wus measured, not the maximum Il current

b1 This estimate of the U qas low during the discharge 15 obtamed by
dividing the messured average gos low, O OKBYT €5 by the gus pul
duty lactor, 5%

et Caleulated from kT,
(%

current osciilogram. Figure 2 shows the H  current vs
extraction voltage for a discharge current, Iq, of 123A. The
H' current is measured in a magnetically and electrienlly
suppressed Farnday cup. There 18 no indication that the H
current has saturated, even al the higliest extraction
voltnge, nlthough 30 kV is the limit of stable high voltage
operntion. For the data in Fig. 2, the H  curreat has an
rxponential dependence on extraction voltage to the '
jower The x plane emittance vs the extraction voltaye bor
'.1 120 A g ivenin Fig 3 The y plune ennittanee <hows
simitlnr behavior

4y me’ I where me sthe T mussn

H)n-l
< i
E ]
.I ]
10+ — 7
t 0 !
vV (kV)
' A e ted H " 1 Bty '
TR T ottt hie AY [ . (Y " »



J0'0

—_ 4
3 ‘
E
E _____n___r__g——o—n—i‘_'
7]
.00

o 0.008 . S

8 4
~ :

0.000 4+ ———— — —~———
15 20 25 30
v (kV)

Fig 3 &, vs V for the SAS  These measurementa are for 1y heid

consant gt 1 20A The line 13 a guide 1o Lthe eye

4X Source Experimental Results

The 4X source is a four times scale-up of the SAS in
two of the three spatial dimensions — parallel to the B.
field (y) and along the H beam direction (z), butonly a 1.3
limes increase in the x-direction.” lnitial operation of the
4X source with circular emitters wrs disappointing, with
large H beam fluctuations and beam emittances.! We
then increased the discharge slot depth (z-direction) to
1.7 cm, which allows operation at low magnetic field (about
500 G) with a resultant drop in the H beam current fluctu-
ations and H  beam emittance. With a 0.28 x !.14 cm?
rectangular slit, 4Y. produces 250 mA of 2%3-keV, gulud H
beam with emittance 0.014 x 0.027 (s -cm-mrad)?. With
a 0.54-cm-diam emitter, it produces 170 mA of pulsed H
beam, and for 150 mA at 23 keV, the emittance i8 0.020 x
0.019 (n cm-mrad) with H beam-current fluctuations of
1 1.3%. When the emitter diameter is reduced o 0.26 cn,
the maximum pulsed H beam current decreases to 80 mA
For 50 mA of pulsed 29-keV H™ beam, the emittance s
0.0049 =z 0.0050 (n-cm'mrad)! (Table I). The emittance
results given here are obtained with the addition of ~1 x
10*'Ycm’ of Xe neutralizing gas o the vacuum box.? A
plot of the x-plane rms normalized emittance vs the
extraction voltage is given in Fig. 4 for the 0.26-cm-diam
emitter for several different discharge currents. The y-
plane emittance shows similar behavior.

The rma emittance has a weak dependence on the H’
heam-current fluctuations for the 4X source (F.g. 5), about
1.7% emittance wth per 1 1% H beam fluctuations.
This effect 1s amall, but importantif the lowest achieveable
heam emittance 18 to he attained. The fluctuations are
typically broadband, extending into the megahertz range
and can be reduced from as high as ~ £t 50% to t 5% urlower
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Fig 5 The rmsemittance. vy, vy the H  beam nose at three ditferers
extraction vollages 'inset) for the 4X source
duta 1s primarily a guide o the eve. but it implies a | /4 .nerease

emiltance for each t 1% of beam noise Thus, vperation at "he owest

noise 18 desirable. and can be achieved w3 described in the texs

The (ine “hrough '

by proper adjustment of the source H: gas flow, Cs flow
from an external oven, and magnetic lield. The besm
fluctuations also influence the rms beam sizs and
divergence angles measured at the emuttsace scanners
123 cm downstream from the emitter; the 'ower the
fluctuations, the amaller the spatial and divergence angle
sizes of the beam. Minimizing size and divergence angle
can be imporuant o the design of a beam-optics system for
subsequent transport of the beam to an accelerator

lon-Optcal Calculations

A sampie SNOW!' simulation with zero 1un
temperature input for the SAS circular extraction system
i3 shown in Fig. 6a for 81 mA target currentat 26 kV The
rms emittance predicted by SNOW for 100% of the beam s
0.0057 « cm mrad, which includes the emittance contn
bution from 1on-optical aberrations and non linear space
charge effects. A sample SNOW simulation for the 4X
source circular extraction system is shown in Fig 6b The
extraction voltage is 24 kV, with 56 mA of target current
The SNOW.predicted emittance is .0044 « em mrad for
100% of the beam.

The calculated target curreat, for tixed injection
{proportional t discharge) current. as a funct.on o
extraction voltage V, 18 shown in Fig 7 for the 4X source
For reasons explained helow. the results ot these
calculations are plotted ay electron m\‘nvnlvnl heam

erveance v discharge perveance Neglecting  the
influence of electron and ion wmperntures, SNOW',
predictons of beam si17ze, divergence angle. inh eimittanee
and heam perveance are uniquely “pf‘l'lrlHO'd by the injection
perveance for a Jiven yeometry

Comparisor of Measurementa with SNOW
Calculations

The H current from the 4X source. for wevera,

combinations of extraction voltage and dischonrge curren

is displaved in Fig 7 The SNOW simulatuon of the 1N
source  extraction  Jeometry  for o severnl ditbheoens
combinations of injection current and extraction voltag.

also shown in Fig 7 The slope o the SNOW penern v

curve has been adjusted o ngree with the Jdope o0
mensurements wt low dischnrge persennce  Theo T o
portion of the SNOW curve caorrespends toeall o the e o,
;ill'!ll‘ll'ﬁ .N'II\H transmitted Ihlnllﬂh e extraction oyt
Fhe peekoan the SNOW carve corresponds to the movam
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e m. Ny VY vwrne discharge perveance Ly VT for the 4N
wut ¢ The data are ‘or three different discharge currents inwet:
A\ w0 piatted an the same graph s the SNOW simuiation of the 4N

SOUTCPR lATYe! [Ty eaner vy the injeciion pervesne

inectinn pervennce  hefore henm i3 scraped on  the
extractor, nhove Lhis poilnt, sraping oecury

Neither the magnitudes nor the shapes of the
cxpenimental and SNOW curves are in perfect agreement

‘Ko T Possible rensons fur the magnitude difference
melude T neutralization of the H o jons 1n the extraction
Kip D Lawered spee charge himit hecnuse of  the

vxtrnetion of o oo with the 1 3 possible nus
ahignment o4 the extraction svstem, resulting o "lost” H
heam 0 the mensurements and 30 either nonuniform ar
MTudtunting  emission current density an the ematter
resulting in lost” O beam an the extraction electrode

From basic ennsiderations, it wou.d take ane H o om0
7.5 1 toreduce Jy  bv 13% from the pure H  case vrur
measured e H° ratios are typreally 153 1, thus, "his
effect 1s nbout 5%. From the position ufthe H  beam in ..ur
emittance scanners, we can ¢liminate (3. Qur wtal H
heam current has intensity fluctuations tnoiset that are
tvpically < £3%.  Drifing the measured phase-space
diagrams back to the extractor electrode shows that the H
beam easily fits within the 3-mm-diam extractor huoie
Thus, t4) is eliminated as a possible cause of beam ioss
This leaves t1) and (2) as the only possibilities. The only
species emanaung from the source emitter likely w have
enough density and an H™ destruction cross section high
enough w cause problems are H atoms and I molecules.
We calculate H  destruction by collisions with H atoms
and H; molecules w be about 20%. The stripping and
simultaneous electron extraction effects wgether are about
25%. Thus, the mensured data 1n Fiy 7 should be
corrected upward by 1 0.75 fur detailed comparisons with
the SNOW curve.

Conclusions

When Penning SPS sources such as the SAS and 4X
source are equipped with ~ 0.26-cm-diam circularemitiers,
transverse rms emittances of about 0005 a-cm-mrad
resuit. Even though the SAS and the 4X source produce
about the same rms transverse emittance. the SAS
thlcnlIy produces about 50% more H  heam current than
the 4X source for the same size emitter. The SNOW
simulauon code quahitauvely predicts the dependence ot
[}y onV and lg. gurl.her work 18 needed to quantitauvely
compare this and other ion beam parameters with the
SNOW predicuons.
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