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Abstract

Since 1998 the TRIUMF H cyclotron has been
equipped with a new 500 MeV proton extraction bean}3
line dedicated to the new ISAC facility (Isotope Separato;f'r
and ACcelerator). Up to 4pA have so far been delivered
to the ISAC target system for routine radioactive bea

2 THE ISAC PROJECT

The ISAC project has been previously described [2, 3].
riefly, the 500 MeV primary proton beam is extracted
om the H cyclotron with intensity up to 10QA and

directed through an underground tunnel to one of two

. ) CaNsac target systems situated in a heavily shielded section
production. 100pA (the ISAC primary beam design of the experimental building. This section is equipped

intensity) were aiso delivered for a specific target eSlith a crane and hot cells for remote manipulation and

Initial ISAC, expgriments were performed with sjngly maintenance of target modules. The target systems (East
charged radioactive ions at target/ion-source energies (Eand West) (Fig. 1) are arranged in a configuration where
60 keV/u). A cw linac based on a 35.4 MHz 8 m long,, 4; Co “

radioactive ions are extracted toward #a 60° “pre-
RFQ (A/q < 30) followed by a 106 MHz post-stripper P

o eparator” magnet with mass resolving power oAm/~
DTL (3 S Alg < 6). has' regently been comm|35|9ned an%po. After momentum selecting slits, the remaining ions
now delivers radioactive ion beams to experiments

; re t ted to the * tor hall” where & 135
energies between 0.153 and 1.53 MeV/u €A 30). re transported 10 Ihe ‘mass separator hal where

. (m/Am ~ 10,000) mass separator magnet, on a high
Recently,_ TRIUMF was also funded to_proceeq with Fh%oltage platform, is used to reject the fractional
construction of the ISAC-Il expansion, which will

lerate b £ A150 up t :  at loast 6 5contamination remaining after the pre-separator.
accelerate beams o up to energies of at1east 8.5 p .\ ynsiream, the singly charged separated ion beam with

I~ . : . _ Sransverse emittance around l@nm mrad and energy
initial operational experience with ISAC-1 and first results60 keV is channeled through horizontal and vertical
from ISAC-Il prototyping are reported. electrostatic LEBT transport sections from cyclotron level
264, to a switchyard system at grade level 284 the
1 INTRODUCTION ISAC-I experimental hall (Fig. 2). The switchyard directs

The TRIUMF laboratory and its major areas of activitythe beam either to one of several low-energy experimental
were outlined at the first APAC conference in Tokyo [1].Stations or to the entrance of the linear accelerator.
Since then progress has been substantial in several areas
including the Canadian contribution, through TRIUMF, to ISAC Mass Separator
the LHC construction and the infrastructural suppor Mass Separator Hall @ = 135°
given to Canadian physicists involved in large
experiments (mainly particle physics) at other
international facilities. However, major achievements =
impacting the TRIUMF facility in Vancouver were (1) the
first production, in November 1998, of an ISOL type &
radioactive beam at ion-source-target energigs 60 Lo i‘“
keV/u) in the new ISAC-I building, (2) the first
acceleration before year-end 2000, practically ot
schedule, of a'He' beam to the design energy of 1.5
MeV/u, and (3) the delivery on July 26, 2001 of a first
radioactive beam ofLi#, at an energy of 750 keV/u, to : i ! .
an experiment in the high energy area. During year 200( Pre-separator | P
TRIUMF was also funded to proceed with the e’
construction of the ISAC-Il expansion, aiming at
accelerating beams of A 150 up to energies of 6.5 orotons__
MeV/u (or above for light ions). These events are West Target \*
transforming TRIUMF into a major world laboratory for Hation
radioactive ion beam physics, and into the major ISOL
type facility presently operating in North America.

500 MeV 100 LA

East Target
Station

Figure 1: The target mass separator area.

143


Administrator

Administrator
143


Proceedings of the Second Asian Particle Accelerator Conference, Beijing, China, 2001

The accelerator complex consists of an RFQ linear Table 1. Radioactive ion yields achieved.
accelerator, a stripping section, and a DTL system. The

RFQ consists of an 8 m long, 35.4 MHz, 4 rod split ring rf | X Target | Experiment | | (p)| Yield
guadrupole accepting ions with A&130 and operating at HA P/s

an rf power level of ~80 kW cw. The beam is accelerated | K | CaO TRINAT 1 x10°
to 150 keV/u. The 90stripping/bender section selects the | *K | CaO TRINAT 1 x10°
Alq ratio of the ion beam to be injected into the DTL, | K | Cao Lifetime 1 &10°
which comprises five IH DTL structures in separate tanks | *’K CaO Lifetime 1 x10°
for acceleration, intercalated with four magnetic triplets | “Rb | Nb Lifetime 10 %10°
and three rf bunchers for transverse and longitudinal| “Rb | Nb LTNO 10 2.410°
focusing. Acceleration to energies between 0.150 and 1.5 8 Nb B-NMR 10 x10°
MeV/u is provided for ions with 3 < A/q < 6. Five “Rb | Nb Lifetime 10 A10°
additional bunchers and two choppers are inserted| 8 Ta B-NMR 20 5.6<1C°
elsewhere along the linac to allow the final beam to be [ 13 | T4 Yield meas. | 20 1410
distributed longitudinally in bunches at 86 or 172 ns [ 38w | ca7r0, | Lifetime 1 5.510°
intervals. The final beam energy can be varied by shutting| 38m¢ CazrO, | TRINAT 15 1.5¢10°
off the power on one or more tanks at the end of the 21y sic Yield meas. | 10 32AF
accelerator and/or by varying the phase of the last “Bb | Nb Lifetime 30 8 510°

powered DTL tank.

The ISAC-II expansion will include a DTL2 section Low-energy beam facilities like TRINAT, GPS and

extending the present 150 keV/u line to the North an(F%-NMR are used in a broad program covering

accelerating the beam to an energy of 400 keVi/u fo undamental symmetry tests, nuclear structure studies in

stripping, so that heavier ions can be efficiently Strippe%xotic nuclei and condensed matter studies with light
for acceleration through the downstream SuDercondUCti%larized ions. A low temperature nuclear orientation
I|nag. This .I|nac will 99”5'St of IOV,V’ medium, and high refrigerator (LTNO) is used for on-line nuclear magnetic
sections withA\/4 cavities resonating at 70.8, 106.2, and.esonance and perturbed angular correlation studies. An
141.6 MHz forp of 4.2%, 7.2%, and 10.5%, respectively. grr germanium gamma-ray detector array will be used in
In order to be accepted by the RFQ, singly charged iongy,gies of nuclear deformation in transitional regions. The
from the ion source, with 3& A/q < 150, will have to be facilities served by the ISAC-l accelerator reflect
ionized to a higher mqugharge state at wyecuon.An ECP_emphasis on nuclear astrophysics. A large-acceptance
charge state booster is presently being evaluated j@cojl spectrometer system (DRAGON), with a rejection
collaboration with ISN Grenoble . factor of 1/18° is being commissioned to study radiative

\f\ capture reactions involved in explosive events like novae,

ISAC II supernovae, and X- andray bursts. To complement it, a
Py A <150 _ large-acceptance scattering facility (TUDA) has been
MEBT2 SCL1 SCL2  SCL3 <6.5MeV/u developed to locate resonances of interest in the

corresponding compound nuclei. ISAC-II is designed
mainly to enable a range of nuclear structure studies to
take place with proton- or neutron-rich projectiles near the
limits of stability, but a strong focus on nuclear
% astrophysics will remain.

1.5MeV/u

~ DTL }]51.5Me\ﬁu HEBT ISAC I
@  aaiate " ‘I. § 3 COMMISSIONING AND INITIAL
= {.- 150 keVju osaxa OPERATION OF ISAC-I
POLARIMETER DRAGON ~°
el aP1 - L g-nmR-1 s
- ”;"fz"‘:"!‘r: = <7 3.1 Target lon Source & LEBT System
t a1 :
A ‘Q.F.'.i.@_ ¥ \%k y Different production targets were operated. Typical ion
— &3 TN i 2 yields downstream of the mass separator are given in
oLis , *A 8 Pi ™ —— Table 1 for different primary proton currents. The
A =l i & { transmission through the LEBT system was routinely
oy —pg lj__ . i B | B above 80 or 90%. The mass separator system performed

according to expectations. In most cases targets lasted
through the scheduled periods, typically of a few weeks to
Figure 2: Layout of the ISAC-I experimental hall and theseveral months. Interruptions of beam production
ISAC-Il accelerator. occurred once because of the deposition of Ca on the
extraction electrode, caused by rapid evaporation of CaO,
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in another case because of overheating of a connectionto avoid drilling cooling lines in the tank walls after they
the electrical target heating circuit. This causechad already been assembled and aligned with their drift
metallization on insulators and related high voltagdubes, it was decided to attach external water cooling lines
holding problems. To make beam scheduling moréo tanks 2, 3, 4, and 5 using a special hardening cement in
efficient, high priority was given to the completion of a a configuration that would maintain the tank temperatures
second (East) target system so that the second systélow 45 C at full power [7].

could be ready at the end of the production period from Another rf problem appeared on tank 3 where some
the first target, thereby avoiding lengthy interruptionsresidual flux, remaining after soldering the entrance nose
because of target maintenance. The East target systencime to the tank lid, diffused towards the rf gap. The flux
planned for installation during the Spring 2002 shutdowncaused poor local vacuum, unstable voltage regulation
An LEBT system highlight was the on-line laserand three coupling loop failures. After cleaning the solder
polarization of théLi beam neutralized with a Na vapour joint and installing an rf shielding cup over it, the tank
jet and ionized 1.9 m downstream in a He gas cell [4]. Avas reliably powered.

beam of (110’ ions/s with maximum polarization of 75% A “He" beam was accelerated to full energy (1.53
was delivered to th@-NMR facility. This unique facility MeV/u) on December 21, 2000 practically on schedule.
allows the implantation of radioactive ions at differentThereafter, the tunes were established for 20 different

depths in thin film structures. final energies to cover the whole operating range. The
) transmission through the DTL was over 95% in all cases.
3.2 The ISAC-I Linac Tunes for other stable ions from the OLIS ion source

(4N 0% 2INe™, and*Mg®") were also established.

The commissioning of the ISAC-I accelerator_l_ itt lized icallv of th
proceeded in various phases. Initially, high priority was ransverse emittances (norma_l 12€ ).were typically of the
der of 0.1t mm mrad for stripped ions, or smaller for

given to RFQ design, construction and testing. Becaus¥ %¢ef . Ar ) o+ b )
of the low intensity beam, the gentle shaper bunche'fnsmpped ions “He’). Longitudinal emittances were

section could be omitted. An 11.8 MHz pseudo-sawtootfPund o betD.8 tkeV/u ns for the unstripped beam and

pre-buncher was instead installed 5 m upstream. AftéfP0ut three to five times larger for the stripped beam.
testing the first 7 ring lowg entrance section at full rf Transmissions through the DTL were in all cases well

power with beam, the whole RFQ with 19 rings Wasabove 95%. Overall transmission for the ISAC-I

successfully commissioned during summer 1999 [5]. Th@ccelerator was therefof&20% (70-75% through RFQ,
alignment tolerance a£0.08 mm had been achieved. An -30% through stripper[85-100% through the DTL)
unexpected difficulty was the appearance of substanti¥f"en using the 11.8 MHz 86 ns chopper. With the 5.9
dark currents associated with field emission. CarefuMHZz 172 ns chopper the transmission was reduced by a

cleaning procedures and high power pulsing drasticallfRctor of two (tof110%).
reduced this phenomenon and allowed routine bea . . .
acceleration atpthe nominal maximum voltage of 74 kVI.;‘L’q'3 First Acceleration/Operation of the RI Beam
The beam injected from the pre-buncher was found to be The first radioactive beam accelerated through ISAC-I
accepted for acceleration with 75% transmission imwas a’Li beam extracted from a Ta target. The flux at the
buckets 86 ns apart. Typical transverse and longitudinghass separator was a few 1ins/s, whereas at the
emittances of the accelerated beam weretOrtim mrad  experiment, with the 172 ns chopper, we obtained a few
and 0.7rtkeV/u ns. 10" ions/s. Results were in reasonable agreement with the
Commissioning of the 90 MEBT stripper/bender 10% transmission expected. The tuning of the radioactive
section, which includes several magnetic quadrupoles, atgam was aided by pilot beams. Firsfla stable beam
kW split-ring triple-gap buncher and a 2 kW spiralwas produced at the RIB target. The intensity of this
double-gap buncher [6] for transverse and longitudindbeam, 1l nA, was sufficient for the normal diagnostics
beam focusing, did not involve unexpected problems. Théscanning wires and Faraday cups) to be used. At the
beam was tested to the end of the first DTL section. WortlOLIS ion source, upstream of the RFQ, a stable beam of
mentioning is the occurrence of foil thickness alterations®N?* was produced, tuned through the RFQ, stripped to
due to carbon build-up because of local vacuuni®N*, and then accelerated through the DTL. The"
contamination. A cold trap was installed around thébeam was then easily injected in the tuned accelerator,
stripping foil to minimize this effect. Also, a global phasestripped to’Li**, and then accelerated through the DTL.
shifter to correct for small thickness variations during foilFor the ’Li* beam, calculated variations of the optical
changes was found to be very useful. parameters expedited the LEBT tuning to the RFQ. From
Beam commissioning through the DTL linac, its threehere on stable OLI$O*" ions (°0* after stripping) had
bunchers, and four triplets was also reasonably smootieen used to set the tune parameters for the acceleration
after a few problems had been corrected. One probleof the®Li ions. Only minor adjustments were necessary to
was the disagreement between the rf power found to beaximize the transmission®Li losses at slits or
dissipated on the DTL tank walls during power tests andollimators could be detected via a hand-held X-rasaly
the one predicted from our MAFIA calculations. In orderdetector, minimized and most often eliminated. The

145


Administrator

Administrator
145


Proceedings of the Second Asian Particle Accelerator Conference, Beijing, China, 2001

technique of pilot beams avoids substantial RIB losseSCL1 linac will be added later to accelerate all ions in the
introduced by a lengthy tuning process and thereforé < 150 range.
avoids the build-up of background contamination. Several

diagnostic monitors are being readied for RIB detection ¢

low intensities. Silicon detectors have been used fo ..., _
correlated measurements of energy and time (phase) a .
ion flux. Conventional scintillator screens have been use e
at a fewx 10" stable ions per mfThey may be useable | + &
at lower fluxes, especially when decay products providi Ty
additional light.y- and X-ray detectors will monitor loss @ - *leleiy
near slits or collimators. ISATT, reiements *

‘ISACJI cavity 1% test results

Q@ 14w

L 2

1O0E+D8 3

4 ISAC-Il PROTOTYPING

A medium$ A/4 bulk niobium superconducting cavity .
has been designed in collaboration with INFN-LNL Lo SEm;V/m)’ oo one
(Legnaro). This was fabricated in Italy, received Chemical':igure 4: First If test results for the prototype 106 MHz
polishing at CERN, and was rf tested at LNL. The Cavnymediumé cavity for ISAC-II
is shown in Fig. 3 along with design parameters. Results '
of the first rf tests are shown in Fig. 4. The cavity
performance exceeded the ISAC-II requirements of 6
MV/m. An accelerating gradient of 6.7 MV/m for 7 W > REFERENCES
dissipated at 4 K was achieved [8]. A peak gradient of 11
MV/m was also achieved before quenching. A
superconducting rf test lab is now being set up at
TRIUMF. The design of the building extension to house[l]
the ISAC-Il facility is nearing completion and
construction is imminent with building occupancy

TRIUMF receives federaldnding via a contribution
agreement through the National Research Council of
Canada.

G. Dutto, Recent Progress at TRIUMIProc.

APAC’98, KEK, Tsukuba, p. 360.

scheduled for January 1, 2003. The first stage of th[ez] R. Laxc.IaI,CompIetlon and Operation Ofl_SAC'I and
superconducting linac consisting of twenty medifm- Extension to ISAC-JIProc. PAC 2001, Chicago.
[3] P. Bricault, M. DombskyThe Production Target at

cavities is planned for installation and testing in 2004. ISAC, Proc. 16" Int. Conf. on Cyclotrons, East

at ISAG Proc. Int. Workshop on Polarized Sources

and Targets, Nashville, Indiana, 2001, to be

Lansing (2001).
Frequency: 106.08 MHz [4] C.D.P. Levy, et al.A Highly Polarized’Li* lon Beam
— Optimum velocity : 3=0.072

‘ U/E, = 0.09 J/(MV/mj published.

ém RxQ =19.1Q [5] R. Poirier, et aI.Performaﬂce of the TR.IUMF 8

A A 17 s Metre Long RFQ for Exotic londroc. Linac 2000,
EJE.U4.6 Monterey, p. 1023.
i H/E, = 103 G/(MV/m) [6] R. Pairier, et al.]SAC RF Structures and
= i . . CommissioningProc. EPAC 2000, Vienna, p. 321.
@4 L,Vi Design E:26 MVim @ 7 W [7] A. Mitra, et al.,RF Measurement Summary of ISAC
== DTL Tanks and DTL BuncherBroc. PAC 2001,
Chicago.

Figure 3: The prototype 106 MHz mediugneavity for [g A. Facco, et al.The Superconducting Medium Beta
the ISAC-II project at TRIUMF. Prototype for Radioactive Beam Acceleration at

TRIUMF, Proc. PAC 2001, Chicago.
The number of higt$ cavities which will be installed

within this five year plan (before March 31, 2005) may be
affected by budget limitations. However, we expect to
reach the energy of 6.5 MeV/u for at least the lighter ions
(A < 60). The ECR charge state booster unit upstream of
the RFQ will be used. Stripping will take place at 150
keV/u, before DTL injection. A transfer line connecting
the ISAC-I HEBT line to the front end of SCL2 in ISAC-

Il (Fig. 2) will allow the ISAC-II experimental work to
start in 2005 or sooner. The DTL2 linac and the IBw-
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