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Abstract 3<A/q=6 DTL 3<A/q<6

105MHz

E=150keV/u E=0.15—15 MeV/u

The ISAC radioactive beam facility under construction at
TRIUMF includes a 500 MeV proton beam € 100 pA)
impinging on a thick target, an on-line source, a mass- ref%‘:;er
separator, an accelerator complex, and experimental areas. _—
The accelerator chain includes a 35 MHz RF QuadrupoIeA/qgo Sy
(RFQ) to accelerate beams df ¢ < 30 from 2 keV/uto e=150kev/u T Lunenrotoror
150 keV/u and a post-stripper, 105 MHz variable energy oovr
drift tube linac (DTL) to accelerate ions Bf< A/q < 6to

a final energy from 0.15 to 1.5 MeV/u. The present status
of the accelerator complex will be summarized. In particu-
lar, first rf and beam tests with the RFQ and the fabrication
status of the DTL will be reported.

RFQ

35MHz

1 INTRODUCTION

A radioactive ion beam facility with on-line source and lin-

ear post-accelerator is being builtat TRIUMF[1]n brief,

the facility includes a proton beam<1100pA) from the ?j;;f?u
TRIUMF cyclotron impinging on a thick target, an on-line ya ={_from mass separator
source to ionize the radioactive products, a mass-separator pre Duieher

for mass selection, an accelerator complex and experimen-

tal areas. Beams of < 60 keV and4A < 238 will be

(573

delivered to the low energy experimental area. The accel- OLIS
erator chain includes a 35 MHz RFQ to accelerate beams
of A/¢ < 30 from 2keV/u to 150keV/u and a post strip- Figure 1: The ISAC linear accelerator.

per, 105 MHz variable energy drift tube linac (DTL) to ac-
celerate ions o < A/q < 6 to a final energy between

0.15MeV/u to 1.5MeV/u. The accelerators have severéijuration have been successfully completed. In addition

noteworthy features. Both linacs are required to operatge first DTL buncher has been delivered in preparation for

cw to preserve beam intensity. The RFQ, a four vane splitftests and the first DTL IH tank is ready for copper plating.

ring structure, has no bunching section; instead the beam is

pre-bunched at 11.7 MHz with a single-gap, pseudo saw-

tooth buncher. The variable energy DTL is based on a 2 LEBT

unique separated function approach with five independerll

interdigital H-mode (IH) structures providing the acceler- : ) :
. . ; trostatic elements; quadrupoles, steering plates and spher-

ation and quadrupole triplets and three-gap bunching cav- .

o - L2 |(fal bends, that transport the exotic beams from the mass-

ities between tanks providing transverse and longitudingl

focussing respectively. A layout of the ISAC acceleratoSeloarator and stable beams from an off-line ion source

chain is shown in Fig. 1. EO_LIS) located on the ac_celerat(_)r floor[2]. An electrostatic
During 1998 TRIUMF management shifted the prioritySW|tchyard allows s_electlo_n of either the stable or unstable

: beam for acceleration while the other beam can be sent to

in ISAC to the target hall and mass-separator areas. Conﬁgé low energy experimental area

guently progress on the accelerator has slowed somewhat.l_he beam to be accelerated is |.3re-bunched at 11.7 MHz

Nonetheless the building is complete and occupancy of tr%ae third sub-harmonic of the RFQ frequency, in a single

accelerator floor began in July 1997. In less than a year iti-h ) d wiooth bunch Th
source and injection line have been commissioned and iffl¢P: Multi-narmonic pseudo-sawtooth pre-buncher. €

tial rf and beam tests with the RFQ in an intermediate Corgre-buncherfrequency was selected atthe request of experi-
menters to give a longer bunch spacing (86 ns), a useful fea-

Lhttp:/iwww.triumf.ca/isac/lothar/isac.html ture for certain TOF and coincidence rejection techniques.

he low energy beam transport (LEBT) consists of elec-
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The pre-buncher is positionees m upstream of the RFQ. %Y
The last four quadrupoles upstream of the RFQ match the
— 80 4 e mwE o Ewam L

beam to the RFQ acceptance. ® P

Installation of the off-line ion source (OLIS) began in g 60 | / L
July 97 with first beam extracted in November 97. Commis= /™~ Measured
sioning of the LEBT from OLIS to the RFQ followed soon ¢ 40 -| / L
after. The saw-tooth prebuncher was installed and commi$- s
sioned with three harmonics in February 98. The fourth® 20 - 100nA N, |
harmonic will be added following an upgrade to the wide 4 V,=719kV
band amplifier. During commissioning the bunched beam 090 - o5 30 105 0
structure was measured with a cone type fast Faraday cup. Relative Vane Voltage (%)

Tuning proved relatively straight forward, the phase of each

harmonic was determined with the beam and the amplitudgsgure 3: Beam test results from the RFQ. Shown is the

were set to pre-determined values followed by empiricalapture efficiency of a N beam as a function of relative

optimization. vane voltage (solid line). The calculated capture efficiency
is plotted (dashed line) for comparison.

3 RFQ

The 8 m long, 1nx 1m ISAC RFQ tank (Fig. 2) houses 19 , . o
split ring structures each feeding 40 cm lengths of mod then eight electrostatic quadrupoles, located inside the RFQ

lated electrode. Both rings and electrodes are water coolgg! k, transportthe beam to a diagnostic station located at the

e exit of the RFQ. Signal level measurements of the rf have
to dissipate the expected 100 kW of rf power([3]. The deaetermined a frequency of 35.7 MHz, a shuntimpedance of

sign peak voltage between electrodes is 74 kV, with a bo?92 K2-mandQ = 8700. Power level tests have confirmed

radius ofro=7.4 mm. stable operation in cw mode at peak voltage[3]. First beam

The buncher and shaper sections of the RFQ have b%ﬁs accelerated June 6/98. Since then bati(M = 14)

completely eliminated from the design in favour ofafour-and NF (A = 28) have been accelerated testing perfor-

harmqmc sawtoo?h pre-buncher(4]. This not only has thﬁmnce at both low and high power with excellent results.
benefit of shortening the structure but also reduces the oy particular, in the case of N 80% of the beam was ac-
put longitudinal emittance. These gains are made at the Elerated Wi1th three harmonics on the pre-buncher in per-
pense of a slightly lower beam gapture. We expect 8108ct agreement with PARMTEQ predictions (Fig.3). The
of t.he beam W'.” be accelerated n the 11.7 MHz bu?ketﬁeam quality also is as expected. The tests will continue
while ~3.5% will be accelerated in the two 35 MHz Slde'through October 98. The remainder of the rings will then

buckets with~15% of the beam unaccelerated and lost "he installed with the commissioning of the full RFQ in the
the MEBT. _ fall of 1999,
The initial seven ring segment of the RFQ (2.8 m) has
been installed for an interim rf and beam test[5]. A copper
wall is located just downstream of the seven ring section to
isolate therffields. The beam is accelerated to 55 keV/u and 4 MEBT

The beam is stripped in the medium energy beam transport
(MEBT) with a thin carbon foil § zgm/cn?) to boost the
charge state before accelerationin the DTL. The beam from
the RFQ is focussed in three dimensions onto the stripping
foil with quadrupoles and a 105 MHz double gap bunch ro-
tator to minimize emittance growth due to multiple scatter-
ing and energy straggling. A chopper eliminates the small
quantity of beam £3%) accelerated in the two 35 MHz
buckets neighbouring the main pulse. After charge selec-
tion the beam is matched into the DTL with quadrupoles
and a 35 MHz re-buncher.

All quadrupoles have been received. A two-gap spiral
re-buncher is presently in development. A model has been
completed to study the mechanical rigidity. The MEBT will
be installed in the summer of 1999 in time to commission
Figure 2: The ISAC 35 MHz RFQ. the full energy RFQ.
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various locations in the ISAC accelerator chain. The values
guoted enclose 98% of the particles.

{ } Table 1: Simulation results showing the beam emittance at

A C A C A C A C A Position Transverse Longitudinal

€x,y Bezy € €
Figure 4: Schematic drawing of the ISAC variable energy— =z (Té‘(;n ) (’TO’“f ;n ) (”g’cns) (’Tket\)/éu ns)
separated function DTL. Five IH tanks (A) provide accel-| ey RFQ 5 0.1 0.33 0.5
eration at 0 synchronous phase, three triple gap spiral res- after Foil 10 0.2 0.45 0.67
onators (B) provide longitudinal focug { ~ —60°) and Before DTL 11 0.22 0.50 0.74
guadrupole triplets (C) provide transverse focus. After DTL | 11(37%) | 022 | 0.5(5 %) 0.74

5 DRIFT TUBE LINAC

7 FUTURE PLANS - ISAC2

A schematic drawing of the DTL is shown in Fig. 4. The
separated function design [6] offers the flexibility and beanf RIUMF is currently preparing a new five year plan re-
quality of a super-conducting linac but at a reduced cost aff#esting additional funding from the Canadian Government
complexity. To achieve a reduced final energy the highd@r the period beginning in April 2000. A major element of
energy IH tanks are turned off and the voltage and phaseiis Plan includes an upgrade of the ISAC facility, ISAC2,
the last operating tank are varied. The three-gap split rif§ Permit acceleration of radio-active ion beams up to en-
cavities are adjusted to maintain longitudinal bunching. I¢rgies of at least 6.5 MeV/u for masses up to 150[8]. In
this way the whole energy range can be covered with 100bsiefthe proposed acceleration scheme would use the exist-
transmission and no longitudinal emittance growth. ing RFQ with the addition of an ECR charge state booster

Fabrication of the first IH tank and the first split-ring {0 achieve the required charge to mass rajoi(> 1/30)
buncher are proceeding in advance of the bulk of the DTOr masses up to 150. A new room temperature drift tube
in order to get experience with the fabrication techniquedinac would accelerate the beam from the RFQ to 400 keV/u
The stems and ridges of the first tank have been receivétflere the beam could be more efficiently strippedto give a
They are both fabricated from solid copper. The completéﬁ‘?rge to mass ratio greater than 1/7 for the ful! mass range.
tank is being copper plated prior to final assembly. Powerhis beam would then be accelerated by a linac consist-
tests are scheduled for the fall. ing of many short superconducting cavities. The design is

The first DTL buncher[7], a split-ring three gap struc-compatible with staging scenarios that achieve peams up to
ture operating at 105 MHz, has been designed and fabf-> MeV/u andA up to 60 as early as 2003 albeit with re-
cated at INR-RAS Troitsk and has been delivered to TRAUCEd ion intensity compared to the completed facility.
UMF for power level tests. The fabrication of the remain-
der of the cavities will proceed after the acceptance tests are 8 REFERENCES
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