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Abstract

One method of nereasing  the antensity  of  the
IAMPE Prowon Storage Ring 1y 10 use a bnghter H™ ion
source.  To develop such a source, the performiniee ot the
small 1Bl dipole tilter and the BNI torodal filter volume
1 sources age being investigated.  Results of testing a new
hich-duty-tacton design ol the BNL toroidal filter volume
sotrce are discussed. Results of experiments to reduce the
clectron to 17 ratio and modulate the beam intensity in the
small 1.1 source are presented.

[. INTRODUCTION

I'he T AMPE Proton Storage Ring, PSR, and
proposed niew projects, sueaas the Natwonal Center fo
Newtron Rescirch, NCNR. require i high-duty-factor H ion
source capable of producing a 35 mA beam with an
cmittance of 004 cm-n mad ag 989% beam fracion. Fhe 1HIL
dipole-tilier [1] and the NI wroidal-filter [2] volume 1
cources hive both demonstrated, at low duty factors (<%,
the beam mensaity and guality necessary tor these facilities.
A development program o deteomine the high-duty-tactor
capahtlities ol these sources his been - progress for one
vear. TAMPE has operational experience and facilities to
cvahiate high-duty factor H jon sources.

Reducing the o of electrons to HYoons s
essential to nmmize opesational problems and maximize the
quality ot the 1" ion beam,  Operational experience at
I AMPL has shown that, at duty factors greater than 8%,
unpingig even i small amount ot electron beim on the
aceclerating lenses can produce an are down rate that can
devastale the operationad reliability of the source. Reducing
the clectron rino at the souree 1s especiilly important at lagh
duty L tors,

1. BNL TOROIDAL FIL'TER SOURCT:

Lhe BND worondal volume 1T source, with its umigue
comeal stape nagnene filter has been under study at BNI
siee TORR nd e performance is well documented | 2] Dhis
souree v very ateeacuve for hph duty factor ipphicanons
bhecanse 1t produces TH beiim i excess of 30 mA with an
clectton o of less than M1 Wath the assistance of i
Alesae at BINT L v g daty tactor version of this souree has
been designed and cotsnucte b A diawny of this sourer s
shown i Fyguve 1 Batensive magnetie tichd caleations
were pettonmed asig PE2TY (o preserve the magnene
and  tilier ticld geometry whitle scorposting the
rcliable  laph duty Lictn
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performance.  The mtenor of the source housing s stanless
steel with individual recesses tor cach magnet arranged
cicentar patterns. The outer housing is alummum rather than
tron for manienance and constructuion conskderations; tiw
PL-2D caleulatnons indicated that the major features of the
magnetic confinement and filter fickds could be mantaned
without an rron retum. The filament feedthroughs are ot o
concentrically cooled design that has been used reliably in
the production operatnon of our surface source for 10 vears
The evlindrwcal cavity al the back of the source makes 1t
possible 1o opumize the filter suength by changmg Gl
magnets without breaking vacuum.  Fhe umgue clamshell
design of the vacuum housing makes maintenance ot the
insul: of the source possible without opening witer passives.
Chis design adso permits the plasma clectrode posinon o be
optinunzsed

The TAMPE Ingh duty Liclor version ot

Figure 1.
tororddad tilter source.

the BINI

For eviduanon, the new source was imstadled e the
M Cockrolt Walton domeld). To optimize the map et
hber, ditferemt sizes and strengths ot filier magnets wege
tested Lhe polanty of the maghets was changed lrom
attacung (the filter maghets e oppostie in polianty o the
mnennost nng of cusp neEgnets on the soutee front plite, as
i the IND desigan o epellimg ahe tilter magnets e the
saine pobrity as the cosp nugnets) A epresentatine sample
of these data s shown m bapgare o Unhike BNT L o oun
sontee design, the petformance of the tepelhng magehetn
cotfipurahion s aapenor 1o the attiactng one In thi
contipaanon, e extoweted D caent and clectton tatio are



comparabl: o the BNL results. An ron plat. was added to
the tront of the source and the nlasma elecrode was moved
to the inside front edge of the source to better simulawe the
BNI. design, but this was detriinental to the  source
pertformance for both filter polaritics
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Figure 2. H™ current vs, clectron ratio for attracting
and repelling filter magnet configurations and filter strengths,

For these studies, two 1S mm diameter tungsten
filaments shaped in semicircle loops with a radius of 6.5 ¢m
were used. The performance of the source depended on the
filament's heater current directions.  The optimum heater
current pattern was different for two filter polarities. This
supports the BNL observation that there 18 an interaction
between the filter magnetic fiekd and the local magnene
liclds produced by the tilaments,

Plasma clectrode positions beginning at the ionner
front tace of the source and spacing outwind 1.0, 1.5, and 2.0
cm were studied. Over this range, the T current only varied
109%:, but clectron ratio increased a factor of S as the plasma
clectrode was moved away from the source.  However, the
extraction optics are more difficult when the plasma clectrode
IS tore reentrant,

The plasimi aperture was opened 0 0.4 emd, The 1
current and electron rtio as a tunction of arc current are
plotted an Fagure Y The pulse length was BOO s, Dt
tahen at 4, o), and 120 (17 showed no dependence on duty
tactor. The 1T current and electroa ratio produced alter
cestunt s added o the source are also plotted an this tigure
Without cestum, the soumce produces an 8 mA beam, which
corresponds o 0 mA/mY with an electton ato ot S
When cosium wais added o the discharge, the 11 cureent
mereised o 40 mA/cm? with an clection ttio ot 2|
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Figure 3. H° current and clecron o ve, are

current with an 1 without cesium.,

The emittance was measured using a sl and
collector emittance station 1.5 meters from the source.  For
are currents of 50 to 150 A, the 95% values of the emittance
are plotted in Figure 4. This shows that the emittance
increases almost lincarly with are current,  The reason for
this increase is not undersiood, but the beam cmittance did
not appear (o he increased by aberratdons,  The emittianee of
an B mA bean with cesium at 100 A of are current s also
plotted. We were unable 1o measure the emittance of the 40
mA/cm? beam because the high-voltage clectrode SPACING wits
inadequate o transport a beam of this density
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I11. SMALL LBL VOLUME SOURCE

I'be small TBI. volume 117 source adso has very
impressine performance it low-duty tactor,
driven version of this source has produced currents greater
than 40 mA withoat cestum at a 147 duty tactor[ 1], However,
reducing the clectron ratio of this source would enhance s
rehiability for high-duty operation. Studies have shown that
using & plasma clectrode apeniure with an aspect ratio
taperture  diameter/thickness) of one greatly increases  the
ability 10 reduce the electron ratio by biasing the plasma
clectrode.  This weehnigue reduces the electron currenit hy a
Gactor of 10 while reducing the H current by only a factor of
2. The effects of magnetic filter strength, plasma electrode
spacing from the filter, and the use of 4 collar have also been
studied.  These studies bave revealed the effect of clectron
ratio on the beam emittance.  Figure 5 shows how the beam
bnghtness increases as the electron rano is reduced. Tor the
240 A case. when the electron ratio wis reduced by a factor of
7. the hean brightness increased by a factor of 5 while the 1T
current only decreased 25% . Using a combination ol these
technigues, we have measured current densities i excess of
S imA/em- with a nomabized emittance of .03 cm -mrad at
9S8% bewm fraction and an clectron ratio of less than 5:1
without cesium. 1o study the high-duty-factor pertonmance
of this source, a2 MHz, 10O KW el dnive capable of 10% dutv
aperition his been ordered.
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IV. BEAM MODULATION

Nentton spallation somees such as PSR eguue 10
o ON s gaps in the beam (o extiwnon purposes  Desipns
of the NCNR aecelenstor propose thas che pigeat energies of
approamitely O keV Calealitions vedicate it spacce

chonge  ettects  will miake s process very dilhiealy

The 2 M/ of

Modulating the beam intensity at the source with rise and fall
times of 100 ns or less wonld mike final beam chopping
cisier by reducing the space-charge ettects. s capabihity
would also be useful at accelerators such as SSC where beam
pulses with sham rise and fall umes are desired.

Our studies show that the beam intensity of the small
LBl Volume 1T source can be moduliated by biasing the
plasmy clectrode. The veametry of the plasma electrode s
very impaortant 1o this process. For these ests, acollart 1 and
plasma elecirode aperiure that is 3 m in diameter and 3 mm
thick were biased at the same potential with respect o (he
source housing. Phe tests showed that, with an are current of
150 A, 90% of the exiracted beam  current could  he
suppressed if the plasma electrode wis biased at - 150 or +40
volts, Using a simple Hextet modulator ciccunt, the plisma
clectrode can be pulsed to - 150 volts i approxamateiy 100 ox.
The time response of the beam inensity wias measured o
exactly correspond to the applied voliage.  This resalt proves
that the plasma response is adequate 10 modulate the beam
intensity at the source with a beam wm-ot! time of 100 ps.
The plasma clectrode discharge time and bewn tuen-on tme
ot 100 ns were also been measured.  Developmg a voltage
maodulator wath faster response that operates reliably Hoating
at 80 kV has proven o be quite challenging.  We hope o
determine the tlime response limit of the  beam-ntensity
madulation. We are also studying the geometry dependence
ot the beam modulation,

V CONCLUSION

Both types of volume T sources show the potentiad
of providing the brighter beams required for PSR and NONR.
It the torowdad filter source beam intensity continies to seale
with plasma aperture, it will provide adequate beaun corrent
with small electron ratio. 11 the techmgues o reduce electton
ratio work as well for the of driven source s tor the filament
source, it will also produce ikdequate beams  Modulating the
beam intensty at the source on i time scitle of less than 1D
ns has numerous applications,
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