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Abstract

A new heavy ion injector system for the Bevatran, consisting of a
#IG 10n source, an RFQ linac. and two Alvarez hinacs, 1s nearing
completion It will make avatlable to the Bevatron a source of 10ns up to
mass 40 independent of the SuperHIILAC, enhancing the operational
flexibility of the Bevalac complex The RFQ uaccelerater, made
operational 1n mud 1983, accelerates 1ons with qvA 2 0 14 t0 200 keV/n
The RFQ is followed by a new 200 MHz Alvi ez linac operating in the
28X mode which further accelerates the ions 1o 800 keV/n  This linac is
followed by a foil stripper and a portion of the old injector linac, rebuiit
10 accelerate beams with /A = 035 to 5 MeV/n 1n the 2BA mode
Details are given of the configuration, equipment modifications, and
project status

Introduction

The Bevatron has accelerated heavy 10n beams since 1971, when
deuteron, alpha and nitrogen beams were made available at energies
fram 28 to 2.1 GeV/n! These beams were provided by the 20 MeV
proton injector, the- “local injector”, operating in the 2B mode, with the
deuterons and aiphas pravided by a duoplasmatron and the =itrogen
provided by a PIG ion source Extracted intensities of 10!1 deuterons,
5-109 alphas and 7 108 nitrogen ions per pulse were available

In 1974, 2 transfer line linking the SuperHILAC to the Bevatron
was comph.*ed, forming the Bevalac? With a vacuum in the low 137
Torr range, beams up 1o 56Fe could be accelerated, and suhstantiaily
higher 1ntensities of the lighter 1ons These light ion beams were used
on a daily basis fur the biomedical program and were generaliy provided
hy using the SuperHILAC as the injector. with the local injector as a
lower intensity huckup However. the mixing of a light und a heavy ion
beam causes certain difficulties, us the fucussing quadrupoles in the
SuperHILAC linacs are d.c. not pulsed, narrowiny the range uf ions
that can be multiplexed through the tanks 8y 1982, the vacuum in the
Bevatron was improved to better than 10 19 Torr permitting relativistic
acceleration of uranium and of pattially stripped ions in the Bevalacd

it is Lhus apparent that ¢ new :njector facility is needed aL the
Bevatron, independent of the Supert!{{.AC. thut wiil provide a reliable
source of light ions at high intensity primarily for use in the hiomedical
program, hut also as an aiternative to the SuperHiLAC for some of the
physics programs at the Bevatron

Mew Logal [njector Svstem

The new local injector system consists of a sputter PIG 1on source
and 1 duoplasmatran, foilowed by an RFR and two Alvarez linacs 1a
prestripper and 4 poststrippers  The design ion is silicon, which drives
the pararncter selection listed below, but the injector will wark with
useful intensity with ions as lieavy as argon

In this design, Si*$ is extracted from the PIG ion source and
dccelerated to 200 keV/n by a new RFQ linac aperating at 200 MHz4 A
new 200 MHz Alvarez prestripper linac operating in the 28X made
further accelerates the q/A = 0 143 ion to 800 keV/n, where it is stripped
by 4 foil to the ~ 10 charge state with a 30% efficiency The ion with g/A
= 1) 35 15 further accelerated to 3 MeVn hy the last 51 cells of the old
local injector, which has had the first 24 cells removed. The beam is
stripped once again, with a4 50% efficiency and injected into the
Bevatron

The tank of the old Alvarez linac, with the first 24 cells removed,
provides room to install part of Lthe new Alvarez prestripper linac in its
low energy end. The new prestripper cavily is longer than the section of
the tank vacated by the old linac, s0 4 1 6 meter lan § extension 15 added
A 7 cm thick diuphragm is included between the Lwo cavities which
terminates the downstream end of the prestripper and the upstream end
of the poststripper, and houses the foil stripper itself The second
stripper, at the end of the linue. has heen used for all previous heavy wn
operation and is already in place Figure | shows the upgraded
configuration

*  This wark was spansored by the Director, Uffice of Energy Research,
()fli.c? of ['h'zh Energy and Nuclear Physics. Nuclear Scierce
Division, U S. Department of Eneryy, under contract numher DE-
AC03-76500098

Expected Performance

The beam intensity through the svstem 1s given i Table U The
extracted and delivered intensity includes the known Bevatron cagture.
arcceleration and extraction efficiency. and a 3 wecond cycle Lime to

gude field B dicul heams are frequently exiractec at a
lower guide field, reducing the cvcle 1ame by as much as a factor of two,
raising the average particle flux over that listed below

Table 1

Ion carbon  neon ~iticon argon

Charge state -2 -3 -4 -8

fan source output 1400 670 115 30 PHA
LEBT output 980 169 95 36 prA
RFQ output 784 375 6 15 ppA
Prestripper outpul 766 338 a8 40 ppA
First stripper 353 149 i 3 PuA
Poststripper output 265 i Al [ puA
Second stripper 238 34 3 1 pPRA
MEBT cutput 167 39 6 07 ppA

Extracted, delivered 1-10i0 3109 3100 4107 see

The PIG ion source has been under development ~ince 1971 The
intensities listed in Table 1 are based on proven won ~ource performance
The performance uncertainties of the rest of the linac chain are small, as
the RFQ has already been operated. the <tripper performance 15 well
known, and the Alvarez linac acceptances are large compared to the
RFQ
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Fig. 1. Overall layout schematic showing the wn source. RFQ, and two
Alvarezcavities The poststripper consists of the last 31 cells of
the original injector hinac

Details of Components
lan Sources

The sputter PIG ion source used at the Beva*ron for injection of ions
through argon is similar to the tvpe of PIG source used at the
SuperHILAC Eve injectorS The water cooled tantalum extraction slit
position is adjustable und 15 connected to the extractor electrode which
may be pulsed as high us 30 kY The source cathodes are Uitanium and
ut 3 2% duty cvcle may operate for a week or more without replacement

The source for production of metallic ions uses the same hasic
geometry and includes 4 sputter electrode lvcated opposite the
extraction aperture. Neon is the primary support gas used with the
silicon source and in both sources a pulsed quartz piezoelectric valve is
used to inject the support gas

A duoplasmatron ien source, injecting straight through the 70° PIG
analyzing magnet will provide deuteron and aipha beams Each ion
source can be operated independently for testing purposes

All ion source power supplies, A C distribution network. vacuum
equipment, und the computer control <y stem are contained in a four bav,
rack mounted on insulators The rack. transmission line, and the ion
source housing cun he raised by a D C power supply to 80 kilovolts
above earth ground  All power supplies are referenced to rack ground,
modular in construction, and easily remaveable for maintenance A C.
power is delivered to the rack via a 21 KVA, J phase isclation
transformer.
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LEBT

The LEBT from the son source to the RFQ s similar to the design
used during the RFQ acceptance testsé The Si*4 beam from the ion
source 1s [irst accelerated across the 20 kV extractor gap, analvzed by
110" in tue magnetic field of the source magnet, focussed by an einzel
lens and further accelerated by a 39 kV gap The B 3 keV/n beam is
focussed by a pair of doublets through a 70" magnet to the final focussing
quadrupole 4-plet 7 cm 1n front of the RFQ The close spacing between
the last focussing lens and the RFQ is dictated by the strong
convergence required by the beam The last vacuum valve is on the
upstream side of the 4-plet, and a small Faraday cup with one central
plate surrounded by a segmented annulus is inserted between the 4-plet
and the RFQ

REQ Accelerator

The RFQ captures and accelerates a @A 2 1) 14 beam from 8 4 to
200 keV/n at a frequency of 200 MHz  As space charge forces are not
significant in this injector, a shortened shaper/buncher design has
resuited in a structure 2 24 m long with 346 cells The narmalized
transverse acceptance (100% contour’ 1s 0 05% cm-mrad and the peah
surface feld at design gradient (/A = 0 143115 27 MV/m

The RFQ, being the critical item in the linac chain, was designed,
constructed and tested first before the old linac injector was
disassembled The results of the acceptance tests have already been
published®, the RFQ meeting all our critersa. Immediately after
finishing these tests in the summer of 1983, the 500 kV Cockcroft
Waiton accelerator was removed to make way for the sraailer 59 kV ion
source equipment.

Alvarez Accelerator

The new Alvarez prestripper linac immediately follows the RF@ as
shown in Figure 2, spaced by a 155 cm gap from the exit of the RFQ
vine to the center of the gap in the [*rst Alvarez cell cousing the > 15°
hunch to spread to *22* The prestripper accelerates a /A 2 0 143
Heam from 200 to 800 keV/n at 200 MHz 1t is 3.53 m long, containing
38 cells The drift tubes are all 14 5 cm in diameter, containing pulsed
quadrupoles in a FFDD configuration, with the g/l increasing {rom
0 169 at the front end to 0 185 at the exit. The average axial field Ey
increases from 2 25 ta 2 3 MV/m, {or an average gap field of slightly
over 13 MV/m in all the drift tube gaps This lield is high but quite a bit
lower than the more than 15 MVim field in the gaps of the old linac
when uperated as an injector in the 28X mode for ions with /A = 033
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Prestripper
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Fig. 2. RFQ - prestripper trunsition section schematic with vacuum
valve, Faraday cup and first half drift tube. The end drift tube
positioning device 13 not shawn

The 17% ult evers out the gap fields and increases the Iransverse
acoeptance of the linac. which 15 abcut 0 17 cmn-mrad in hoth plazes,
normalized

The prestripper is contained partly in the cavity previously oecspied
by the first 24 cells of the old linac and partly in a new 1 6 m long tank
extension boited onto the front end of the old linac The drift tubes
removed from the old linac werr of double stem constructicn, each
leaving two holes in the tank, azimuthally spaced by 30° These holes
were plugged and new holes were cut in the tank for the new double
stem drift tubes, these holes rotated azimuthaliy by 22 5* from the o!d
holes. This 22 5° rotation 1s carried on through the new tank addition. 50
all stems have the same orientation The pulsed quadrupoles are
oriented in the conventional sense

The drift tube quadrupole magnets have wire wound coils and
laminated poles and yokes The poles are glued to the inside of the yoke
ring while mounted in a precisian assembl, fixture The complete
mugnet assembly with the wire wound coils placed around each of the
poles 1s then vacuum potted using a low shrinkage. high strength epoxy

Each of the 14 5 cm diameter drift tube shells 1s made up of a body
and a cap. The bady 15 machined from solid GFHC copper rod. the cap
from OFHC copper plate The stems and stainless steel bore tubes are
hrazed to the drift tube hodies Accurute stem and hore tube positioning
along with minimal thermal distortion 15 accomplished by using special
soldering fixtures After the brazing is complete the quadrupoie
magnets are shrunk fit into the drift tube bedy and siem assemblies
The drift tube caps are electron beam welded to the bodies and bore
tubes. There is negligible thermai distortion of the drift tube shells and
no excessive heating of the magnets due to the low power input of the
electron beam. Thus, no further machining is required after welding.

Cooling of the magnets and dr:ft tube shells is accomplished by a
32°C water squirt tube inside one of the stems, providing effective
cooling of the drift tube shells and magnets by thermal conduction
through the copper drift tube bodies

RF contact between the drift tube stems and the linac wall is made
by compressing a washer fitted between each of the stems and tank wall.
The washers have knife edges on both sides which cut into the wall and
stems insuring good r [ contact.

The prestrigper linac uses 37 new drift tube quadrupoles divided
into three groups, each having its own parameters and drive
requirements. The basic current requiremaent for the largest quads was
42 amps max, Nat to 1%, for | miilisecond during the injected beam
pulse.

The pulsed drift tube quadrupole power supplies cor sist of 40 water
cooled bipolar transistor linear amplifiers This apparatus was made
available from a previous project, lowering the over 1ll cost to below that
of conventional pulsed capacitance discharge power supplies

The prestripper and poststripper cavities are electrically separated
from each other by a double wailed diaphragm as shown in Figure 3
The walls are 7 cm apart, adding a drift 556% of the length of a 28X cell.
The transverse matching across the diaphragm is controlled by a small
quadrupole in each ha!f drift tube A cassette containing sevecal
stripper foils and a wire position sensing grid for each plane is inserted
through an airlock in the side of the tank to a position on axis between
the twa quadrupoles The diaphragm cansists of copper sheets mounted
on aq internal aluminum spider, clamped at their periphery to the outer
tank wall with a copper hoop screwed to the tank wall every 4 1 cm. The
half drift tubes at the ends of each cavity are axially moveable by =50
mils (+0 13 cm) from outside the tank. Each cavity conlains rotatable
resonant loop tuners located every 64 cm alony the tank.

Two new large holes were bored into the old linac tank for the
stripper cassette airlock and for a new r [ drive loop The diaphragm
straddles a pumping port, so salety pressure reliel plugs were not
included in the diaphgram design las used in the diaphrugms in the
SuperHILAC). The extension tank contains twe lurge pumping ports for
the prestripper Alvarez

The 16 meter long extension tunk was rolled and welded from
copper clad steel plate  Cuare Wi tahen—toTemove I The copper
¢ludding from areas which weee welded to prevent eopper induced weld
cracking in the steel welds The weld areas were thon cureiully fitted
with copper strips which were welded in Holes were drilled in the tank
for 20 drift tubes, 3 r f. coupling lovps. 3 monitoring loups, and twe pump
ports. Copper plates with holes to provide udequate pumping were




fitted and welded to the large pump ports. Copper sleeves were fitted
and welded to the coupling loop and monitoring ports

Edge Clamp

Prestripper Poststripper

Adjustment
Shaft

7

poststripper 2 2 MW at full gradien: The AFQ, requirng 160 kW, wail
be driven by the 300 kW driver aade available by the recanfguration
The entire r [ sysiem will be servoed from tre longer poststrigoer tark
The phase and amphitude adjustments for the presirigper w:il be by
trombones and rotatable loops at the 60 kW level. niterwise the
prestripper r { will be locked to the poststripper

Controls

The control system was designed 10 he compatible with the exasting
Bevalac control system while also providing some distributed pre-
processing power This compatibulity wiil reduce the programming
effort in the real time processors ta one f merely udding 4 new device 10
4 list of exssting devices  Thus all of tae existing soflware for closed-
loop control, displays and storing and retreiving data may be used The
pre-p will enh the ibility as well as off-loading
same well defined and routine tasks from the existing system

The emisting control svstem consists of several ModCemp 16 bit
mini-computers acting as real time proces . -s These processars control
all the Bevatron parameters and provic oeam monitering via high
speed serial links. The data acquisition iront end consists of in-house
designed analog and uigital hardware for controlling power supplies.
acquiring beam data, etc. This front end hardware is linked to the real
time processars via 1 MHz serial links

it was at this front end leve: where we decided to provide some pre-
processing power and to develop some newer data acquisition hardware.
The analog front end consists of one signal conditioning amplifier and
sample and hold per signal. This was necessary since most signals are of
a pulsed ! millisecond nature The digital status and control are all
passed through opto-iselated modules. These signals are then fed into a
standard Multibus chassis for pre-processing and linking to the existing

Linear

Bearing Stripper

WL 844-170

Fig. 3. Prestripper-poststripper transition schematic showing the two

half drift tubes, quadrupoles, channel for insertion of stripper,

and connection of diaphragm periphery to tank wall The drive

gear, turned hy the adjustment shaft, moves the drift tube
longitudinally

The old Alvarez, used as an injector in the 28X mode since 1971, has
accelerated 16as with a ¢/A as low as 0 33(C+4) The transit time factor
in the first group of 12 cells ranges from 0 31 to 0 46, requiring an
average axial field of at least 35 MV/m at the beginning of the tank.
The tilt introduced into the tank was about 9%, giving a field at the exit
of the tank of 3.2 MV/m, lurger than required heyond cel’ 24, the first
cell of the third group. the groups differentiated by different bore
diameters This high accelerating gradient, hus produced some damage
to the faces of the first few drift tubes The copper surface, almost out to
the outer diumeter, has heen considerably roughened, and 4 substantial
amount of copper dust from the drift tube fuces was found on the boltom
of the tank. The thickrz.s of v drift tubes was originally adjusted by
thica copper plating, which shows signs of lilting on one of the drift
tubes  Very high gradient uperation is indeed possible, but seems to
take its toll with substantial surface damage

The first two groups of driflt tubes, 24 of them, with bore radii of 0 63
and 0 95 cm are removed from the old linac The transit time factors of
the remaining drift tuhes with bore rudii of 1 27 and | 59 ¢m are at least
1.38 in the 2BA mode, ullowing acceleration of qrA = 357 1Si=10) with
an average axial field of 28 MV/m and no tilt, less than (he past
nperating gradient of uver 3 2 MV/m at the end of the tank hut more
than the original design gradient ol MVi/m  This part of the linac is
far past the first few drift tubes that showed surface damaxge due to high
gradient operation

RF System

The ariginal r{ amplifier system consisted of two TH-515's, each
driven by a4 300 kW driver. feeding a coaxial distribution manifold
connected te the old Alvares with twa drive lonps  The new
arrangement will consist of ane 300 kW amplificr driving a TH-515,
which drives two TH-515% one for Lhe prestripper. und one for the
poststripper  The T11-515 has a gain of 10 db, und with sufficient drive
cun deliver 3 MW of power The prestripper wall require 0 6 MW and the

minicomp control system The pre-processing is performed hy 2
standard 16 bit micro-processor CPL card Also in the multibus chassis
are several standard parallel I/0 cards and an in-house designed serial
link card to match the existing seriai link protocol

Project Status

The manufacture of ail major elements of the project has been
completed and final installatién is in progres:. Testing has been
completed with the beam on the PIG ion source. ! "BT and RFQ The
remaining work is associated. for the must part. with the installation
and commissioning of the Alvarez linacs aund the duoplasmatron First
beam through the complete ~ystem for injection into the Bevatron is
expected later this year

This project could not have heen carried out without the diligent
work of R. Caylor, K Kennedy, R MacGiil, 5 Rovenpera und H
Schneider.
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