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SOME UENTATIVE DATA FOR A HELIX TYPE LINAC AND TWO DRIFT-TUBE TYPES.

by K. Johnsen and A. Citron.
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In a recent report by one of us (CERN-PS/KJ25) it was shown that it
scems possible to focus e helix type linac by employing the AG focusing princhiple.
Trie mecavs that we shall have to consider the helix in comparison with the types
using drifi~-tubes, in order to find whether one of these should have profound
advantages over the other one. To have a besis for a discussion on this we have

czleulated a very preliminary set of data for a helix type and two for an Alvarez

Tre Heliz Type.(Table I)

%or the theory of the helix we can refer to K. Johnsen: "Ou the Theory
of the Linear Accelerator”, Chr. Michelsens Inst., Beretn. XVI, 3.

The basic choices to be made were wavelength, phase angle and period of
focusing system at injection. The choice of wavelength was mainly governed by
helix-disaseter snd helix-pitch considerations. The frequency is doubled suce.
in a more careful study we shall have to consider possibilities of using a
snorter vavelength already from the start.

& rather large phase angle was chosen in order to getl a wide trapping
region. ATter the damping has reduced the phase oscillations sufficiently, the
prase angle is reduced to 30°

ia choosing the period of the focusing system it was essumed that the

ag_long as,
leases ovzht to be at least twice)the diemeter of the system which it is going
1o gurres id. With the helix didketer we get, this will be about 8-10 cm, and
o neequer t1y the lens peviod is chosen as I=C.5 m as a reasonable figure.

a1z accelerating field at injection is then found frem the stubility
Zingram ia KJ25. This field is rether low, and in order that ths field can be
ircreased o8 rapidly as rossible, ths first few sections are rather shiort. Ve
heve furissr assumed that the maximun accelerating field we can tolerate on the

szis is 2 5 MV/m. This mey be conservative if we use a travelling wave pattern
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perticle velocity, and the field therefore also decreases from input to output

of o section. After the maximum fiel’ of 2.5 MV/m is reached, the steps in energy
(number of sections) are mainly govesmed by the fact that this drop in field
strength chould not be too large., It is further also goverued by the power
dissipation in each section, as it was considered desirable that this should

be so sacll that each section can be fed from one valve or two valves in pusi-pull.
“hece considerations may not be very important, end the possibility of decreasing
the puzber of sections above 4 MeV should be ccnsidered. However, the more

sectors the accelerator is divided into, the less sensitive it is to phase-
velocity srrors, frequency errors etc.

The many steps in heliz-diameter were obtained because it was thought
degirable to stay close to the maximum of the shunt-impedance curve mcst of the
way. Houever, near the injection a much larger dismeter than this consideration
vould give, was chosen in order to get a reasonable pitch, and loss-considerations
are apyvey unimportant in this part of the accelerator, as the losges in the
first two scctions are almost negligible compered with the losses in the whole
machine,

These considerations have given three different diameters, with the

lavgest diameter in sections 5 and 6. As the diameter in these sections is wrather
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large, we suould consicder to decrease it at the expense of the shunt-impedance.
=l
The pi'tCh is now determined by the paramevers given c.."bOVU, and caicuiatved

vom & fovauia given in the paper to which reference was given at the beginning

“he shunt-impedance and losses have been calculated under the zssumption
X
or having only a forwsrd travelling wave., In other words, we sssume that we can
bacl

uee an externad feedback, end that the losses in the feedback can be negleeted

7ith the losses in the helix itself. If a suitable external feedback

be mode, the helix will be built as a2 resomnator, and for the scme
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gcceleration the losses will be twice those given in the table. It should be
noted that in the first two sections, the power flow is so low that these
sections will probably be run as travelling wave sections with no feedback,
the residual power being dissipated in & matching load.

The build-up time is the time it takes for the energy density to build
up to 1oL of its final value, when the waveguide is operated as a resonator.
When the data discussed above are known, it can be calculated. We find that
sections 5 and 6 have the longest filling time, which sgain indicates that
modification of the diameter of these sections, as suggested before, mey prove
advantageous.

In the last line of the table are given the megnetic field gradients
required to obtain the wanted cosp, ¢ In the three first sections cosp | and the
accelerating field at input end of each section is chosen so that the working
point for the synchronous particle is in the top corner of the stability triangle.
Later the working point is further down, and as we have then & wide region within
which COSPb may be chosen, the corresponding value for the field gradient is
not given. Where, inside this regiocn, cosP0 should be chosen, may be governed
by other considerations, such as admittance matching’ between the linac and the
synchrotron.

A line containing the maximum possible emergy spread in the buach, has
2lso been included in the table, mainly tecause there has been raised doubt that
the potential well at the injection end of the linac was deep enough to accommodate
the likely energy spread from a pre-accelerator. However, even if this emergy
spread should be up to 10 kV, which is unlikely, it is still small compared to
the energy spread in the bunch, and ver y few particles will be lost due to

such an energy spread.

The Drift-Tube . (Table II)

Two drift-tube accelerators were considered, one (A) run at 1.5 m wave-
length as the original Alverez one, the other (B) at 1.0 m.

Porameters for A were obtained by scaling up the Alvarez machine t¢ a
total enerzy goin of 49.5 (from 0.5 to 50) MeV instead of 28 (4 to 32) HeV. The

power loss and the shunt impedance per unit length and the phase angle were taken
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frem the Alvarez machine, which leads to the seme field strengths and the same
energy gain of 2.3 MeV/m, These quantities are not supposed to change much zlong
the machine. The total length and the total power consumption is obtained from
the Alvarez machine by scaling up linearly with energy.

The other dimensions are found by putting limitations on the drift-tube
aperture. 5 cm at the output end and 2.5 cm at the output of the low energy
section(s) were arbitrarily chosen as plausible lower limits; a ratio of 0.84
of drift-tube aperture to period length was taken as an upper limit, which is
slightly lower than the maximum of this ratio occurring in the Alvarez structure
(0.89). The ratio of gap width to period was varied from 0.20 to 0.30 along
the machine in a similar way as done by Alvarez to get similar field distributions.
With these requirements it proves possible to obtain the acceleration wanted in

wo sectors of different cavity diameter. The build-up time follows from the
Q~value, which in turn depends mostly on the cavity diameter. A line showing

maximuz energy spread in thebtndd is also included in this table.

Accelerator B has a wavelength of 1 m. The total length is chosen the
same as for A; the other dimensions go down roughly as 1/1.5, and the number
of gaps goes up correspondingly. The dimensione are found from the same require-
ments as for A; here we need three sections to comply with them. In fact, in
the first section the two limitatidhs on drift-tube aperture approach each other,
so that a smaller wavelength could not be considered for this part of the
accelerator. The total power consumption is lower than with A due to the skin
effect, so is the build-up time due to the smaller cavity diameter. The economy
in energy per pulse is a factor 2.2 with respect to A,

Advantages of A are: 1. the fact that accelerators have been operated at this
wavelength,
2. the possibility of increasing drift-tube apertures
without having to introduce frequency jumps,
3. the wider tolerances in tuning due to the smaller
electrical length (Factor 2.2).

Advantages of B are: 1. less bulky construc’ion,
2. lower energy consumption due to smaller power losses

and lower build-up time.
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Comparisen between the two Types.

The main differences between these two types of linac structure, of

which data are given in Table I and Table II, are found in

i) Cross-sectional dimensions.
i) Build-up time.
iii) Q-factor.

iv) Kind of focusing system.

v) Number of individual sections.

In the tables there also appear other differences, such as phase-angle
and wavelength, but these differences are less fundamental, and partly due to
rather arbitrary differences in choices at the beginning of these calculatioas.

The difference in i) is gbout one order of magnitude when we consider
the accelerating system alone. However, as the helix requires four-pole magnets
as focusging lenses, the difference is less vhen the whole accelerator is
congidered, Still it locks as if the helix will be less bulky.

The differences in ii) and iii) are both more than one order of megnitude
and mey be quite important. How important a short filling time is, depends on
te beheviour of the HF-valves. The mean power is in any case very low and will
not limit the output power from the valves in either of these cases. It is not
gquite clear how much the output from & valve can be increased when the pulse length
is decrecsed. This must be considered in more detail,

The modulating system, however, will be simpler and cheaper for the short
palse length,

£ low Q, as long as the low Q does not result in a low shunt-impedance.is an
vggxggggfgﬁing is less sensitive vhen the @ is low.

Tn the tables we have assumed grid focusing for the drift-tube type,
“nereas hat cannot be used for the helix, and magnetic AG focusing has been
assuzed in that case., The AG focusing seems to be the most flexible one, but
it may not be the cheapest one to make. In compering the two types of focusing,
tne loss in intensity due to the grids should also be kept in mind. In the
A1lverez nachine the grid loss reduces the beam intensity by a factor of about 3.

The helix type with AG focusing will have to be built in more

soctions than the drift~tube type with grid focusing, although it may be possible
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to reduce the number from what is given in the tahle. Bowever, & large number
of sections may not be a drawback. Even if 2 drift-tube type is finally chosen,
we may decide to split it up in more individual sections.

The main advantage of the drift-tube type is that it has been proved to
work and that, by choosing that type and also taking into account the experience
gained with this type in USA, we are quite safe. With the helix there are
unsolved mechanical problems. They may not be more serious than the corresponding
problems faced by Alvarez and his team when they started on the drift-tube type,
but as no helix has been dbuilt up to now, we shall have to solve these problems
ourselves. The main problems will then probably arise in connection with the
support of the helix, and a solution must be found that does not introduce too
large additional losses at the same time as it must give the required rigidity
and precision. Various suggestions have been made, but we shall not discuss
them here.

As a whole, we do not think that the time haas yet come when we are quite
in a position to decide between the two types discussed here.

- en e w

Geneva, 2nd March, 1954.
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