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Summary

Planning for the conversion of the AGS Linac to W™
acceleration was begun in 1979; ° installation was com—
pleted in 1983. Discussion of this wourk and of the
oparational experience will be presented.

The AGS Polarized Beam Project was begun in 1980.2
The design of the new H™ polarized source, the low
Energy Beam Transport line (LEBT), and Radio~Fregueacy
Quadrupole (RFQ) will be described. Current stutus and
future plans will be presented.

W~ Acceleration in the Tinoc

The original 200 MeV Linac delivered a 60 wA, 200
psec proton beam to the AGS. The success of H accele~
ration at FNAL” with aearly 1007 traasfer efficiency,
showed a way of reducing injezction losses aand beam—
lToading rf power. Conversion of thn AGS Linac has baen
conpletad, with both Cockeroft-Walron (CW) pits now
able to deliver U™ beams.

Source Testing

The: AGE Linsaz uses the magnetron H  souTce
davelopzd at BNI by Sluyters, et al.”’ Redesigned at
FIAL by Schmidts to tan in an operaticaal environment,
it provided 40-50 pA for 67 tsec ar 15 pps (0.17% duty

zztor). Several FNAL sources wers rua in a 20 keV
test stand at the ACGS Lina: rate of 5 pps, 200 bsec
pulse-widch. Waila the bean producsd was adoquate,
the rachinable cerasic fansulicors vere danaged,
probably duz to the pighec peak temperatures during the
longer pulse. Swirching to alumina ceramiecs pervented
this problem.

Adapting the source to the C4 column proved more
difficult than at FNAL due to the highly re—eptrant BNL
inter electrode design. The source had to be placed at
the back-plate of the column, 0.5 M from tha first
electrode (Fig. 1). An improved 90° magrer reduced
ahzrations. Its increased gradient index, coupled with
a quadruponle-doublet, produced a double waist at the
first electrnde. After the souce was mounted in CW Pit
11 it was nct possible to reproduce the test-st:.nd
source performance for longer than 8-10 honrs. The
dis harga current fell and the vnltage rose until the
source Impedance was three times the normal 1.
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Fig. 1. Schematic Assembly of I~ source in BNL Column.

*Work performed under the avspcies of the U.5. Deparc-
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Sluyters and Alessi’ showed that a magnetron with
a grooved cathode run at reduced gas pressure produced
more H™ beam at lower discharge current than the £lat
cathode. Based on rhis work, a grooved cathod= which
focused 4~times the surface area onto the anode slit
was lustalled. As the source conditioned, the gas
pressure, cesium temperature and discharge pow-r supnly
voltage were roduced while the pulse width wa, .a-
creased to keep the source hot. The heam current rose
to a sustalned 45mA with the discharge current 45 A and
the voltage 130 V. The source was run on a 24-hour
schedule for 2 and 1/2 months ot almost three times the
original Juty factor. Upon disassembly, snmz cathode
erosion was found, but the souvrce was c¢leaner than
after a two week run in the high discharge current
mode.

Additienal improvements wete nade to the equip-
The discharge pulser was modified to increasec
the maxinum pulse width to 600 isec alleowing a duty
faccor of 0.,3%. A regulaver circuit was built which
keeps the pulsed gas pressure within 0.2 Wlorr by ard-~
justing the width of tha 150 V pulse aplied to the gas
valve. The avaraged vacuum rendout is used as the
servo input, which does not allow the pilsed gas locvel
to be distingulshed from the backsround. A new ciccuit
baing testad should accomplsh this. The original
pulsed gas valve was difficult to adjust cechanically.
A wnew design Ipstallad in Pit T uses a 12:1 lever-
arrzngement to meke the adjustwent easy to set.

ment .

Another servo-loop maintains the cesiun boiler
temperature withiu 0.2°C. A new reusable stainless
boiler was developed which eliminatwed problems with
non—reproducible cesium Introduction and possibla con—
tamination from the original couper boiler. The Inter-—
nally heated feedtube vwhich carrles cosium to the source
was enlarged to reduce the possibility of clogging.

This also lowered the boiler tempzrature to 1407 C.

Operating hxparience

The Linac has opervated as an M~ accelerzior since
September 1932. TInitial operation was fream Piv 1! -~ia
a relatively long LEBT line in which space charge nsu-
tralizarion effects have been observed (Fig. 2). 1In
April 19533, Pit T delivered H~ beam and became the
primary praeinjector, with Pit 1T as back-up. About 107

more beam reaches the Linac from Pit I due to its
shortet length and lack of dispersion.
AR ot
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LEBT AREA - The Polarized ¥~ sourcs is zhown
upper left and the Linac at the upp.r 1ight.

Fig. 2.
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 The Polarized LEBT Line

A new beam linz was bullt in the LEBT area to take
the beam from the polarized source thru the RFQ to the
LEBT II line and into the Linac (Fig. 2). Design con-
siderations included: maximum tracsmisslon of the
polarized beam, and minimum Inposition of one beam line
upon the other. In additlon, it was desired to provide
a test facility for the polarized beam when not being
used for operations.

The transverse phase-space beam line dasign
allowed a 655 fill-factor, reguired the bend-section to
ba achromatic, and matched the beam emittance to ths
Linac acceptance- Since the source emittance was un-~
known when the 1line was designed, much Ilexibility was
built in. Preliminary cmittance measurnuients were
limited by hardvare problams but were sufficlent to
indicate roughly the sattings. The 20 keV section of
the line uses both electrostatliec and magnetic lenses.
The latter serve to diffuse the nagative ion background
forw 15% to 1-2Z at the RFQ.

In the 799 keV line, a third buncher at the sames
frequency as the orlginal two, was added to retain the
bunched beam from tha RFQ to the Linac. It reduces the
» spread from the RFQ by a Jactor of three and
ic2s transverse bedan growth between thz bending
maguets. Tte gecond buncher, in the LELT I line, re-
tard, the growth of phase spread in the center of the

! The last Luncher restores the /& sprzad which
causas phase rebunchirg at the Linac entrance. This 3-
biauchet system gave a theoretical longitudingl trans—
wission efficlency of 85-91.5%, depznding on the
density mod=tl. '

Pean Momitoring Eguipment

Beor (~larization will he measured at 20 keV using
an opticel polarimet>r developed at Yale Univarsity,
which detec s Lyuaan e-liae polarization [roa d
exited HY atons off @ cacbon feil. The be N
par bt are wmeasured ot 20 keV oand
stanl 1t aad multiple collector -aittonce his
willt Tov voise emplifices.  Beam curven bt is read at 20
Lav and an four locations at 200 .V using low nolse
heam toveids.  Savecsal Faraday cups are avaeilable in
LuT. Profiles are measurad at 20 keV and 780 keV by
wotlti-ch sl prob=s. In the HEBT line, six single—
wire scauners proviie profile data. Ar 200 Hev a
pn?irimater bullt tr Rice University neasures left-—
richr woeatry o Hecotvhon scattering at two argles in
the kori oo etal plans using seintiilaticn telescopes.
The up-down asymmetry L5 used to position the beam and
for norralization purpasces. With a 15-mil Carbken-—
tar rnt, a 2% measurement has bzen achieved in 2-3

nin:tey,

1
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airi.l Perfornmance

The saurce and RFQ have pevformad very well for
ral months since they vor - turnad na. A 20 keV
12\ produces 101 at 740 koV from the RFQ,

A reaching 200 MeV. Approximately 254 of Lhe
baam i3 lost ia the transport around the achromaiic
bend. Meiiuremeats with Favaday cups before and afterv
Tan™ 1 of the Linac Indlcate over 907 capture,

Dur
ahly pro

a 5-day commissioning run the so:rce reli-
E-121A of beam at a 3N isec FolM every 2
20 teV dintensity as reasuced by a bram
tureld, (s showa in Fig. 5. The smaller trace,
obtatned by turning of f the atomlc baam, is background
negative ioni. Widar pulses conld be ohtained but net
on 2t reliuble ba-is. Similarly, hiwher currencs can be
ohtainad at the expense of polse widuh.  The polarica-
cred efter the 200 MoV Liuac wos over 60%.

szronds.
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Fig. 5 Polarized source current. Large trace is
current thru a beam toroid (214/Div). The small
trace 1s the background remaining when the
atomlc beam is off.

Although trausport to and froiz the RFQ bas not
been fully studied, tunlrg the RF power Into the EFQ,
resulted in 853 of Lhe 20 keV heam belng aceelerated to

760 keV with approximately 110%W in the RFQ.

Emittance neasuremeats made at 760 keV yieldld
normalized values of 0.085 T cm—mrad in both planes at
905 of beam. The emittance did uot change appreciably
with current. These are consistont with design valuos
for the R#Q, and are comparable to whut was calculated
for the polarized H™ source.

Future Planyg

Aduch work remains to oe done in understanding and
docun=anting the source parameter space and tha b=z
parareters at 20 keV and 760 keV, to prop=rly set up
the beam lin2. While the source and LEST are now
computer concrolled, this 1is available orly lozallw.
It will be connected to the AGS naln composzer
long-term data logzing and analys
and so that the ASS operatiocas crow car
dnily runulny of the soutvce.

can be poaria ,
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Typically half the 20 keV beam reaches 200 MeV
(25-30 mA). A maximum of 85 mA has been attained in
the dome by lowering the gas pressure, but the coluwr
acceptance limits the 760 keV beam to 45 mA. Lost beam
loads the electrodes and CW arcing may result. Maxioum
transmission thru the columm is 90%. Emittances
weasured at 760 keV are larger thun those at FNAL by a
factor of 1.5 to 2. Since both the flat and grooved
cathodes gave nearly the same results, space charge
growth in the 20 keV tramsport may be the cause. It 1s
possible that a source mounted closer to the flrst
column elecrrode might pass more beam.

The source was run continuwally for operations for
5 and 1/2 months. On inspection the cathode was notic-
ably eroded near the cesivm inlet and had an etched
inage of the znode slit 1/2 mm deep. Th= gas inlet was
70% clnsad by cesium hydride deposits. Flakes of moly-
bdenum wer. present but didn't affect the behavior.
Whaen shut off, the current was highar than when first
condition=d. By contrast, with the flat cathode In the
high discharge current mode, H~ current drops to half
in 8 weeks. Cesium usage was conslderably reduced, as
might ba expected from the lower boiler temperature
(110°C) required with the grooved cathode. A fill of
four graws should easily last one year.

As a direct result of B~ injection and changes to
the rinz rf, the AGS reached intensities 40% higher
than wi*h prcton injectior. Furthir in-reases require
improven2nts to the AGS rf. While the total Linac rf
beam-power was reduced by 7 MW, the hopsd-for 1ncrease
in 7835 rf power—tube life has been slight. Howsver,
the anoda capacitor bank voltags has bsza lowered by 2
kV, which has improved the reliability of the rf modul- .
ators and reduced the number of anodu-cathoda arcs 1n
tha 7835's.

The reliability of tha H- prefnjector ha.-aot b2en
as gond as with protons. The first year of coperation
averaged 15 heurs of down time per month. Twice,
shorts dazveloped requiring quadrupole replacement. The
{aedtuba heater, which falled several tiras, has hzen
d by a fully sealad unit. Operation for the
year has shown an improvement in source support
equiprizat rellabllity. The wajor problem seams to ba
team~induced CW arcing. A naw source test stand is
being coastructed which will be used to study source
parameters to reduce this.

Tha Polarized Praton Project

The Ion Source

To take advantage of th- higher efficiency and
longer pulse-widch injectlon capability, a new polar—
ized W~ source w13 developed based on tha colliding
beam nethod developed by Haeberll. This source has
been a joint effort. Much of the atomic beam portion
was suppli-d hy ANAC Tnc. Initial work pulsing and
cooling the atomlc beam snd oa the Cs° beam was Jone by
ANL and Yale University. A new Cs source and neutrali-
zer was designed and most of the operational
developmenr was Jdone at BNL.

A polarized H{® beam is fired collimear with a Cs®
beam, with lonization occuring by charge exchange to
yicle polarized H™ (Figs. 3 aund 4). The polarized H°
beam 1s produced in a conventional ground-state atomic
beam apparatus using an rf-dissociator with the nozzle
cooled to about i00° K to reduce the velocity of the
atbms. Both the Cs has and the rf are pulsed. Four
sexrupoles provide an electron-polarized beam. Two rf-
transitivn units convert this to alternating nuclear
polarizations on a pulse—to pulse basis.
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Fig. 3 Schematic of the Polarizd H~ source. A polar—
ized H® beam produces polarized H™ through
charge exchange with the Cs° beam.

Fig. 4 Photograph of the Polarized H- Source.

A 10-15 md, 40-50 keV pulsed Cst Leam is produced
at the opposite end by surfacs ionlzatlon of Cs on a
hot porous tungsten button. cst ions azenanlata en rhe
surface until the extraction pulse is appli.Z, allewir
high currents with low Cs cansuaptlioun, since the beoiler
is at only 80-90°C. The Cs beam pulse shaps is a sens—
itive functieca of burton temperature, Cs beiler tewopar-
ature and surface conditingsz, macing ‘v often difii-
cult to get the 400 bnec pulse width required. lHnw-
ever, pulsing the Cs has the advantage of reduciog

(g

powar supply loading, coating of the surfua-es wizth Cs
and sputtering by the bean, resulting in o rore
reliable operation.

Conversion of the Cst beam to Cs° t
Cs~vapor neutralizer which is pulsed by
magnetic flapper valve in the Cs supply line. The
stainless steel mesh walls of the nentralizer provide a
wicking action to return tha Cs to the reservior. This
redesignad neutralizer has oparated reliably icr the
last three months with seemlngly low Cs consuzption.
Because of the stringeat optical requirer=nts, only
about half of the Cs beam reaches the interz-~ion
reglon. H™ {ons formed by chavge exchs are fowmssad
and accelerated to 20 keV, then deflected to the trang-
port line by a 90° electrostatic mirror.

The Radio-Fregnency Quadrupole

An RFQ accelerates the polarirzed beam from 20 keoV
to 760 keV. The vanes for the structure, based on a
LASL design, were machined at BNL. A fuil descrip-
tion of the electrical and mechanical desizn can be
found 1n an accompanying paper in thes=z Proceed1ngs.13

Paver for the RFQ is provided by a 200kW amplifier
chain identical to that used for each linac taa%k.
After Installation in the beam—line, the RFQ coadition-
ed rapidlv. A 760 keV beam was detected afrer the 60°
bending magnet im=medlately. It has perforaed flaw—
lessly in the several months since that tim2. The
measured pover required for best capture anu accelai~
atinn of the beam is about 110kW,.
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