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Abstract bulk niobium structure[5] is chosen for ISAC-II with three

- . cavity geometries corresponding to low, medium and high
. The TRIUMF{ISAC facility, how a vyorld Ieader.m rare , (4.2%, 7.2%, 10.5%) values and rf frequencies of 70.7,
isotope production and acceleration, is constructing ISAG-

1111, 2], that will allow the acceleration of ion beams with 06.08 and 141.4 MHz respectively. Design gradients are

3 < A/q < 7toan energy of at least 6.5 MeV/u for massesset a_t 5MV/m fpr the low bet_a cavities and 6 'V'V’”"_' forthe

- o medium and high beta sections. The large gradients pro-

up to 150. The upgrade will include the addition of a su- . . T

. o S ) duce proportionally larger defocussing and steering fields

perconducting heavy-ion linac delivering an effective volt—and together with multicharae acceleration bose new chal
age of 43 MV. The first order design of the new transfe 9 g P

[ for heavy ion i i
lines and post-accelerator have been optimized to provideenges or heavy ion linac design.

simultaneous acceleration of several charg_e _states (multi- 2 BEAM SIMULATION CODES

charge). The quarter wave resonators providing the accel-

eration have inherent rf electric and magnetic asymmetric 1Ne envelope codeERACE-3D andC0SY-oco have been
components that complicate multi-charge acceleration at$ed to design transfer lines and optimize linac lattice pa-
can lead to transverse emittance growth. In particular w@meters. The Monte_-(_larlp codaNA has been used to
report the realistic field simulations of the medium bet&€t the first order specifications of linac parameters assum-

section of the SC-DTL for multi-charge acceleration. ing standard cavity field approximations. Electromagnetic
fields created witliFSS andCST-MWS are then installed in
1 INTRODUCTION LANA andTRACK to study ‘realistic’ acceleration dynamics.

' . . . TRACK is also used to study the effect of misalignments of
A first stage of ISAC-II installation will see a trans- linac components.

fer line constructed from the ISAC-I DTL exit to join the
medium-beta section of the ISAC-II SC linac for accelera- 3 STAGE 1 BEAM DYNAMICS

tion of lighter ions,A < 60, to energies above the Coulomb . . )
barrier. A schematic of the ISAC-Il linear accelerator com- Detailed beam dynamics simulations have concentrated

plex is shown in Fig. 1. The building for ISAC-II is now ©" Stage 1 with five, four cavity medium beta cryomodules

under construction with beam delivery from the first stag@nd tWo six cavity high beta cryomodules. A single su-
due in 2005. perconducting solenoid is positioned at the center of each

cryomodule for transverse focussing with diagnostic boxes

A comprehensive first order design study[3], nhow com="Y"" o
gosmoned between cryomodules at waists in the transverse

plete, set the parameters of the floor layout prior to buildin : ) .
construction. The solution includes all transport beamline§NVelopes (Fig. 1). Solenoids provide a larger transverse
including the first stage transfer line and second stage 9§cceptance than quadrupoles for transporting beams with

isopath bend section[4] as well as the first order dynanfnultiple charge states[6].

ics of the super-conducting linac. Designs are compatib@ 1 First Order Simulations
with multi-charge acceleration to preserve beam intensity The simulations include all transport from the output of

and/or allow the po_ssib_ility of a second optional strippinqhe ISAC DTL to the end of the 7-module ISAC-II SC linac
stage to boost the final ion energy. A two-gap quarter wavg "o single charge cases corresponding to ions with

of 3 and 6 and for a multicharge case with reference ion
Stage 2 s<a/qei0 o OOMeV/u (A/a=7) 132 ST with five charge state§) = 29, ...33, accelerated
veer2 St So~ EEEEEEE RS —(812-tx] through the SC linac simultaneously. The lattice easily ac-
e dl B ‘EY\‘S commodates the rf defocussing from the high gradient cav-
ities (Fig. 2(a)). The longitudinal emittance is broadened as
each charge revolves around a different synchronous phase.
The transverse emittance increase& i5%.

S1

% E=0.4MeV/u
E=15MeV/u
IH-DTL2
Stage 1
A/q<6

E=0. 1B 1.5MeV/u 3.2 Realistic Field Dynamics
o Sesafp Mo oo 85—~ HEBT —Exp | Realistic field studies are complete for the 10.5 m long
e medium beta section consisting of five cryomodules with
four cavities and one 35 cm long superconducting solenoid
Figure 1: A schematic for the ISAC-II linac with Stage 1jn each. Two main asymmetries in the medium beta cavity
and Stage 2 installations complete. fields are responsible for differences between the ‘simple
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to maintain the gap with a desigh of the original.

The field asymmetries from the three models are summa-

o= 1347keV/0 s om0 B4 mkeV /u s rized in_Fig. 4 over the ope_rating vellocity range requireq of
oa ob oa  lda o o the cavity for an accelerating gradient of 6 MV/m, an ion
a ) s e of A/q = 3, and a phase af, = —30°. Shown are the un-
Figure 2: Transverse beam envelopes and final lon (f_orrectf[e_d de dc?]rrgcte(: ertlfcal ste_ermg ion:)p(znent? and
tudinal phase space ensembles for both a single cha g vertical and horizontal defocussing perturbations for a

mm displacement from the electrical axis. The dipole

state, 13, ST (20% of the beam), and multiple charge .
StatesljzzsnggJﬁ(M’ggi (80% of the) beam) aftepr accelegr- steering components can be reduced to less than 0.1 mrad

ation through the SC-DTL linac (Stage 1) to 8.3 I\/lewuoverthe whole velocity range, for even the lightest beams,
Initial beam emittances are G:&hm-mr and 1.2keV/u-ns. by shifting the cavities down by 0.8 mm in theminaland
donutcases and 0.6 mm in tHiat case with respect to the

beam and solenoid axis.
cavity model’ and ‘realistic field’ simulations. Inherentin  Simulations are done for three standard medium beta
quarter wave cavities are both a vertical electric dipole fielhacs; (a) theNOMINAL with twenty nominal cavities,
and a radial magnetic field that give velocity and phase dgb) FLAT8with eightflat cavities and twelv@ominalcav-
pendent vertical kicks to the beam([7]. The vertical steeringies and (cC)DONUT with twenty donutcavities. Case (c)
produced by the cavity shifts the beam off-center and ca@presents a linac with the same velocity profile as (a) but

lead to loss of dynamic aperture and phase dependent tranggligible quadrupole asymmetry while (b) is a practical
verse emittance growth especially for multi-charge beams.

The steering can be largely cancelled by displacing the cav-
ity vertically so the electric focussing field compensates for
the magnetic kick[8].

The cylindrical stem produces a quadrupole asymmetry
in the transverse rf electric fields. The asymmetry leads to
a mismatch between horizontal and vertical motion. The
degree of mismatch is dependent on the magnitude of the
asymmetry and on the relative strength of the defocussing
rf with respect to the focussing optics in the lattice cell. Ina
guadrupole lattice the two planes are independent and dif-
ferent match conditions can be used to eliminate emittance
growth. In a solenoidal lattice the two planes are rotated
periodically and a mismatch between transverse planes can
lead to transverse emittance growth once the beam is deliv- £ 081
ered to a quadrupole transport system. S 061
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Cavity and Linac Variants Three cavity models, 5 024
shown in Fig. 3, are used to study the effect of the
guadrupole asymmetry. Theominalcase simulates the
prototype medium betag, = 0.072) cavity; 40 mm
gap, 20 mm bore, and a cylindrical inner conductor ofigure 4: Focussing and steering perturbations for the three
ID=60 mm. In theflat model the inner conductor is cavity geometries (ajominal(b) flat (c) donutas calcu-
squeezed to 40 mm in the beam direction and the groundtgded in HFSS. Shown are the uncorrected and corrected
beam ports are extended to maintain the original gap. Thy@rtical steering components (dashed lines) and the verti-
lowers the desigm, to ~0.06. In thedonutmodel cylin- cal and horizontal defocussing perturbations for a 1 mm
drical half tubes are welded to the flattened inner conductgisplacement from the electrical axis.




— . . . . 5 . ”
Horizontal ——LANA  =e=oa TRACK
o Verticl ——LANA  ==== TRACK ( Q) = <0> =
g 8 5 :
° 41 ° o 981 |
a a a £
o o o £
> o] v £
g 24 < Z 0.4+ >
Lo w054
> > > e
X X 9
0 : 0 0.0 0.0 :
() - (b)
< . <
£ 3 £ E 157 o S T
T4 [ 47 » 084 ] = —
€ € Q E
£ £ 2 E 10
3 3
22 2.2 2 04 S
© © © w 0.5
@ < > =
X
0 0 : 0.0 0.0 :
T )|z N © - O
G 0.4 FG 04 FAN § £ 15
) = S 1 s —  f
C . £ e \'-.4\ 0.8+ \E w
5 0.2 T 0.2 / v F
i i} Q. £
5 5 N 2 £ 107
O 0.0 Ares—eesmmgmuamas=seas-sr Tris T tEs & 0.0+ v €
c c ¢ 04 2
5-0.2 4 5 —0.2 4 w 057
© © >
[an} [aa) x
-0.4 : T T r ; -0.4 r r ; . : : , ;
2 10 12 2 8 10 12 0o 2 8 10 12 0.0 10 12

Conth (m) Centh (m) Cength (m) P ength (m)
Figure 5. Beam envelopes (a), transverse emittancefyure 6: Beam envelopes and transverse emittances for
(b) and beam centroids (c) are given for tNOMINAL  large test beams:{ = 12rkeV/u-ns,fBe, , = 1.2rmm-
medium beta section assumidg= 30 with charge states mrad) ofA/q = 3 through the three medium beta cryomod-
Q = 9,10,11 for cavities displaced 0.8 mm (left series)ule variants (aNOMINAL (b) FLAT8(c) DONUT.

and undisplaced cavities (right series). Initial beam emit-

tance isBe,,, = 0.3mrmm-mr and 1.5kev/u-ns. L
’ the ion increases, the quadrupole asymmetry becomes less

important since the relative rf defocussing strength in the
alternative to the base design where lowetavities with ~Periodic cell, hence the degreexf mismatch, is reduced

reduced quadrupole asymmetry are substituted where th&ffimpared to the focussing in the cell. Likewise, increas-
defocussing is relatively more acute. ing the focussing in the cell by adding more solenoids will

reduce the impact of the quadrupolar rf defocussing.
Beam Steering Beam envelopes, transverse emit-

tances and beam centroids are given in Fig. 5 for the twenty 4  ACKNOWLEDGMENTS
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