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a factor of 4/3. The accelerating efficiency, therefore, for each tank type increases
to a maximum at the design velocity, then falls. The design velocities for the five
tank types are § =0.0131, 0.0175, 0.0232, 0.0310 and 0.0409. The accelerating

efficiency variations for these tanks is shown in Figure 2.
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Fig. 2. Maximum acceleration (input phase 0°) vs beta for five tanks
used in the present study.

ACCELERATOR DESIGN

The conventional drift tube linac is a combined function structure in the
sense that acceleration and transverse focusing, necessary to overcome the rf de-
focusing at each acceleration gap, is provided in the same structure. This is ac-
complished by incorporating quadrupole magnets in all or some of the drift-tubes.

In the Wideroe DTL previously proposed, the quadrupoles were located as a
matter of convenience in every second drift tube because they were at ground po-
tential. Since the quadrupole magnets cannot be accommodated in the drift-tubes
of the superconducting (SC) interdigital structure, inter-tank superconducting
solenoids were developed at ANL® for use in this case. If we are to take advan-
tage of the high accelerating field possible in the SC structures, the radial focusing
provided by the solenoids must compensate for the correspondingly stronger rf de-
focusing forces. Moreover, with four drift-tube gaps in each tank contributing to
the defocusing, the focusing strength required is increased even further.

With the use of solenoidal focusing, a beam of circular cross section is most

easily matched to the SC linac acceptance. Since the initial acceleration after the

ion source is in an RFQ, the beam naturally acquires a quadrupole symmetry. A
matching section is therefore required between the RFQ and the SC linac.

The emittance matching section is of the type described by K.L. Brown") as
7 /2-phase shift quadrupole doublet flanked on each side by a tuning quadrupole.
The phase space parameters of a 3.36 Mev *Fe beam exiting the RFQ are taken
as:

€ = 40.07mm — mrad
a; =15,a, = -1.5

B. = B, = 0.060

gIVing Tmay = 0.5 cm, 2!, = 15 mrad. On the other hand, an acceptable match
to the SC linac is one in which a, = a, = 0, and .mu = B, <.25, for a beam
with radius of less than 1.0 cm. A solution is arrived at, first by adjusting the
quadrupole doublet strengths and the three spacings to produce a 90° phase shift
in both the z-z' and y-y phase space planes. Second, with the spacings held
constant, all four quadrupoles are varied to produce a double waist (az =a, =0)
at the exit of the fourth quadrupole. A strong solenoid (B: = 5T) placed after a
short drift space downstream from the fourth quadrupole then yields the desired
result of a circular, convergent beam delivered to the SC linac.

A gas stripper would give a small increase in emittance? but the increase
has been ignored in the present calculation.

Since the on-line isotope ion source retains none of the rf structure of the
TRIUMF cyclotron (23 MHz), the choice of rf frequency for the ISOL SC linac is
open. We have chosen 50 MHz, close to the ANL design frequency of 48.5 MHz
and within the feasible range for a cw RFQ.?

Figure 3 shows a block diagram of the linac used for the present beam
dynamics calculations. Far from being an optimized design, it should be viewed
as the framework for an initial design study.

EMITT. ENERGY]

MATCH STRIP'R[T SC INTERDIGITAL LINAC COMPR

I

ISOL ] RFQ [

Fig. 3. Block diagram of a proposed ISOL accelerator including an SC
linac.

The SC linac is assumed to be contained in a single cryostat in which the spac-
ing between elements (resonant tanks and solenoids) is dictated principally by
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(beam size, the energy spread and the phase spread) for three sections of the linac.
The large gaps in the diagram at z = 55, 115 etc. cm represent the drift spaces
in which a solenoid is located (25 cm). The beam entering the SC linac is triply-
charged %Fe, a mass-to-charge ratio of 18 2/3. The emittance is 40.0m mm-mrad,
of circular cross section with a radius of 5 mm and converging. The total phase
spread is initially 20° and the total energy spread is 40 keV.

Table 1 lists some linac data and beam properties at the end of each tank
type.

Table 1 Tabulation of some of the calculated beam properties at the
beginning of the SC linac and at the end of each of the five tank types.

Z Tank Energy Normalized AE A

(m) Type (MeV) Emittance (MeV) (deg)
(7 -mm.mrad)

0. - 3.4 0.317 +-0.02 +15
2.6 1 6.8 0.325 +0.15 +12
4.6 2 11.6 0.323 +18 +11
8.0 3 19.2 0.284 +0.28 +9
14.1 4 35.2 0.320 +0.35 +7
21.6 5 59.1 0.368 +0.60 +4

The final energy of 59.1 MeV (1.1 MeV/amu) meets the initial goal of the
TRIUMF ISOL programme. The normalized rms beam emittance for 90% of the
current of 0.377 mm-mrad is only 16 percent higher than the normalized emittance
of the input beam. The relatively high accelerating field gives an energy half-width
of 0.6 MeV but the half phase spread is small at 4°. The transmission through the
linac is 100 percent.

Figure 5 shows four scatter plots for a beam of 400 pseudoparticles at the
end of the linac.

The beam is nearly parallel at the exit and the E-¢ diagram of longitudinal
phase space is highly correlated. Therefore, energy compression (at the expense
of phase debunching) is simply achieved by using a drift space of 2 m followed
by a two-gap tank acting as a debuncher. The result (see lower part of Fig. 5) is
an energy half-width of 0.1 MeV (0.2%). This should be more than adequate for

cross-section measurements and would not impose unreasonable limits on nuclear
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Fig. 5. Scatter plots of the beam size and phase spaces of the beam at
the SC linac exit (top) and after energy compression

spectroscopy experiments.

DISCUSSION

These results show that inter-tank solenoid focusing is capable of coping

with the strong rf defocusing forces through most of an ISOL post-accelerator
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