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Abstract

The post-accelerator for the ISAC radioactive beam fa-
cility combines a 35.4 MHz RFQ and a variable energy
106 MHz DTL. The ISAC DTL is designed to acceler-
ate ions with 3 < A/q < 6 to energies fully variable
from 0.153 to 1.53 MeV/u. The unique separated function
design allows efficient room-temperature acceleration and
full energy variability with no degradation in beam quality.
Thefirst stable beams were accelerated in the DTL in Dec.
2000 with full commissioning in the first months of 2001.
Test resultswith stable beam will be reported and compared
to beam simulation results. In addition the initial operating
experience with stable beam delivery is reported.

1 INTRODUCTION

The post-accelerator for the ISAC radioactive ion beam
facility[1] includesa35.4 MHz RFQ to accel erate beams of
A/q < 30 from 2 keV/u to 153 keV/u and a post-strippe,
106.1 MHz variable energy drift tubelinac (DTL) to accel-
erateionsof 3 < A/q < 6 to afina energy from 0.15 to
1.53 MeV/u. The RFQ commissioning has been reported
previously[2, 3].

The DTL has been configured as a separated function
linac. [4]. Five independently phased IH tanks oper-
ating at ¢, = 0° provide the main acceleration. Lon-
gitudinal focussing is provided by independently phased,
triple gap, split-ring resonator structures[5] positioned be-
fore the second, third and fourth IH tanks. Quadrupole
triplets placed after each IH tank maintain transverse fo-
cussing. To achieve a reduced final energy, the higher en-
ergy IH tanks are turned off starting at the downsteam end
and the voltage and phase in the last operating tank is var-
ied. This unique configuration offers an efficient room-
temperature approach to a variable energy cw heavy ion
linac. A schematic drawing of the DTL is shownin Fig. 1.

In April 2000 the first complete sub-section of the DTL
consisting of the first IH tank, Tankl, plus a quadrupole
triplet, Tripletl, and triple gap buncher, Buncherl, was in-
stalled and tested with beam prior to the installation of the
remaining four sub-systems in late 2000 (Fig. 2) with the
first beam accelerated to full 1ISAC energy of 1.53 MeV/u
on Dec. 21/2000.

2 BEAM DYNAMICS

At full voltage the beam dynamics are typical of a 0°
accelerating structure[6]; matched beams enter each ac-
celerating section converging in al dimensions and after
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Figure 1. Schematic drawing of the ISAC variable energy
106 MHz DTL (upper figure) and corresponding beam en-
velopes (lower figure). The beam envelopes define the
and y maximum half sizes of the beam for matched ellipti-
cal emittances of 0.25r um (normalized).

Figure2: The ISAC 106 MHz DTL.

acceleration the now diverging beams are refocussed be-
fore the next accelerating section. In order to maximize
longitudinal acceptance the intertank length is minimized.
Each triplet consists of quadrupoles with effective lengths
of 5.8, 8.7 and 5.8 cm with maximum gradients of 6.7, 7.5,
6.7 T/m and atotal length of 37.5 cm. Horizontal and ver-
tical steering coils are wound in the central quadrupole.

At a reduced tank voltage the particle bunch is phased
negatively with respect to the synchronous phase so that
as the particles lose step with the synchronous particle and
drift to more positive phases they gain the required energy.
The upstream buncher is used to match the beam to the de-
tuned tank. The buncher following the tank is then used
to capture the diverging beam. In Fig. 3 we show the ini-
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tial and final position of a grid of particles in longitudinal
phase space after simulated acceleration in Tank1 for two
different relative tank voltages, V/V, = 0.4 and 0.8. Dis-
tortion of phase space occursfor phasesnear 0°. Below this
the energy gain falls off nearly linearly with phase. Fig. 5
summarizes voltage and phase set-pointsfor DTL tankses-
tablished through beam simulations.
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Figure 3: Final positionin E — ¢ space of aninitial grid of
particles after accel eration through Tank1 for relative volt-
ages of 0.4 and 0.8 with respect to the full energy case.

3 TEST SET-UP

Beam tests have been completed both for Tank1 along[7]
and for the full DTL. A schematic of the test set-up for the
full DTL is shown in Fig. 4. The medium energy beam
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Figure 4: A schematic view of the MEBT, DTL and diag-
nostic station.

transport (MEBT) transports the beam between RFQ and
DTL. The MEBT consists of a matching section for the
stripping foil, a charge selection section and afinal match-
ing section beforethe DTL. This matching section includes
a 35.4 MHz spiral buncher and four quadrupoles. Narrow
diagnostic boxes upstream of both the MEBT rebuncher
and each DTL IH-Tank each house a profile monitor and
Faraday cup.

The diagnostic station downstream of the DTL includes
Faraday cups (FC) for beam transmission measurements, a
slit and harp transverse emittance rig (e, /), a50€2 co-axial
fast Faraday cup (FFC) for pulse width and TOF measure-
ments and a 90° bending magnet with object and image
dlits and dispersion of 3 cm/%(%) to analyze the energy
and energy spread in the beam.
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Figure 5: Resultant final energy contours as a function
of Tankl voltage and phase; the small sguares (solid
lines) correspond to measured values and the large squares
(dashed lines) correspond to simulated values.

4 BEAM TEST RESULTS

The transverse emittances injected into the DTL aretyp-
icaly 0.06 7um (normalized). The longitudinal emittance
is measured to be (95% included) 0.6 keV/u-ns for the
unstripped beam and about two to three times this for the
stripped beam.

4.1 TANK 1TESTS

Beam energy and pul se width measurements for various
Tank1 voltage and phase values (Buncherl off) confirm
that variable energy operation works as predicted. Mea-
sured Tank1 voltage and phase values to achieve a given
energy are plotted as solid contours in Fig. 5 and com-
pared to simulation results (dashed lines through large open
squares).Agreement is good except at the high voltage/low
phase regime where some discrepancy exists that requires
further investigation.

Longitudinal emittance measurements of the accelerated
beam are done by varying the Buncherl voltage and mea-
suring the energy and time spectra at an energy spread
minumum. These spectra give emittance values of 0.5 —
0.6mkeV/u-ns consistent with little or no longitudinal emit-
tance growth over the Tank1 energy range.

Transverse emittance measurements were completed for
Tank 1 operation with “N*t and are summarized in Ta-
ble 1. Listed are computed normalized emittances (4ARM S
values) before the RFQ, after RFQ acceleration and strip-
ping, after rebunching in MEBT, after acceleration to full
energy in Tank1 and finally after rebunching in Buncherl.
The largest emittance increase occurs in the stripping fail
with only a small increase during acceleration.

4.2 FULL DTL BEAM TESTS

Beam commissioning in Jan. 2001 with the complete
DTL using *He!'t beams has established the DTL rf pa-
rameters and beam optics settings for over twenty differ-
ent energy set-points covering the full specified operation
range. Initial phase and amplitude set points are deter-
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Table 1: Measured emittances of a N4+ beam for differ-

ent cases.
| Descripion | E | Be | Bey |
(keV/u) | (mm-mrad) | (mm-mrad)
LEBT 2 0.021r 0.0217
After Stripping 153 0.0597 0.0727

After MEBT35 153 0.0687 0.074x
After Tank1 200 0.084n 0.0827
After Tank1 215 0.081x7 0.0787
After Tank1 231 0.0777 0.0757

After Buncherl 231 0.077= 0.0887

mined empirically by beam energy measurement; each ac-
celerator component is turned on and optimized sequen-
tially before advancingto the next device. The DTL triplets
are adjusted to optimize transmission with each large en-
ergy step. A summary of therf system performanceisgiven
in another contribution.[8].

The transmission through the DTL was over 95% for all
cases. A summary plot of the accelerated beamsisgivenin
Fig. 6.
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Figure 6: Shown in (a) are the DTL rf set-points estab-
lished through beam simulation. In (b) we plot the mea-
sured transmission for the various beams that have been
accelerated through the DTL during commissioning stud-
ieswith “He.

Longitudinal beam quality for al beamsis as predicted.
Sample spectraand associated pulse width 5 m downstream

of theDTL aregivenin Fig. 7.
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Figure 7: A sample of energy spectra and associated pulse
width measured 5 m from the DTL.

5 OPERATING EXPERIENCE

Stable beams of 4He!' T, 1419N4+ 1604+ 2INeP+ and
24Mg°®* have been delivered to two experimental facilities,
the DRAGON recoil mass spectrometer and the TUDA
multi-purpose scattering detector, at variousbeam energies.

Although the ISAC DTL is a variable energy device it
still essentially operatesas afixed velocity linac (except for
the last operating tank) so that phase relationships between
cavities are fixed regardless of particle mass and chargeand
only the voltage need be scaled, shortening beam tuning
time. Small energy steps down to 0.1% are easily realized
by linear voltage or phase steps in the last operating DTL
tank. Beam tunes are established by a beam physicist with
24 hour/day delivery by ISAC operations staff. Operators
now handle routine procedures such as foil changes, small
energy changes at experimentersrequest and reestablishing
beam delivery after hardware trips.
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