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TUNING POSSIBILITIES OF THE LONGITUDINAL BEAM SHAPE
OF A RACETRACK MICROTRON
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Eindhoven University of Technology, Cyclotron Laboratory,
P.O. Box 513, 5600 MB Eindhoven, The Netherlands.

Abstract Fi_rst, this impact h_as been studied, utiligir_wg linear
motion only, see section 2. Second, the validity of the
The beam shape in the longitudinal phase plane at theear theory in the RTM is discussed in section 3, where
extraction point of an RTM strongly depends on thé¢he linearity of the longitudinal phase plane is studied by
choice of the stable phase of the accelerating cavity. Thiseans of a numerical simulation program of the
is due to the fact that the main longitudinal focusing forc&indhoven RTM. All calculations, which are presented in
is the derivative of the accelerating potential with respethis paper, start just before the first cavity traversal. The
to time (or phase). Furthermore, this focusing force ibeam shape in the longitudinal phase plane just before the
applied to the electron beam each turn, such that tliest cavity traversal has been estimated from
output beam shape in the longitudinal phase plane iiseasurements and simulations of the RTM injector [2].
significantly affected. This effect can for instance be usetihis beam shape can be approximated by an ellipse with
in order to minimise the bunch length or the energf¥wiss-parametersy =0, 8= 0.185 m,y= 5.41 ni, ande
spread of the output beam of the RTM. For this paper we2-10° m. This ellipse is used as input for the first-order
have used the lay-out of the Eindhoven RTM for thealculations in section 2 and also for some of the
calculations of the stable-phase variations, which hawveumerical calculations in section 3.
been studied in linear approximation. The stable phase

area for this RTM equals 18 degrees. It will be shown that 2 FIRST-ORDER CALCULATIONS

stable-phase variations in the order of 1 degree alreaﬁi}l]e effect of the stable phase of the cavity,on the
have a significant impact on the longitudinal beam shapgéam shape in the longitudinal phase plan’e has been

Furthermore, some remarks are made on the . ~. % L2
. . . udied in linear approximation. The transfer mathi,
consequences of non-linear beam dynamics in relation . n o
. escribing the transport of th&€' orbit in the racetrack
stable-phase variations. : T R
microtron starting just before the cavity is given by the
roduct of first-order matrices:
1 BUNCH-LENGTH COMPRESSION P

In contrast to linear accelerators the shape of an RTM's M, =D, ., Fa,"B,,"Fa," B, Fay" Dy,

output beam in the longitudinal phase plane can be Fao: 'B, *Fa, 'Byy *Fay Diyicay " Cene (2)

modified. This can be done by changing the amplitude

and phase of the RTM cavity. The possibility to modifyThe transport that is described by all the matrices in this

this beam shape makes it possible to either minimise tleguation is pointed out in figure 1. The matri€esB, F,

bunch length or the energy spread of the output beam [
The energy gain per turfg, has been chosen 5 MeV

for the Eindhoven racetrack microtron. As RF

acceleration is being used this energy gaiis set as

DL?ZLT, n

E =Ecos @), (1)

whereE is the amplitude and) the stable phase of the
cavity voltage. The slope of the RF voltage at the stat
phase provides the longitudinal focusing force. For th
reason it is obvious that the choice of the combination
E and@ has an influence on the longitudinal beam shay
of the RTM’s output beam. As this focusing force i
applied 13 times to the electron beam it can be expec
that a slightly different choice dt and ¢ may have a  Figure 1: The transport described by the matrices for
great impact. the linear approximation.
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Figure 2: The beam shape in the longitudinal phast Figure 3: Two straight lines in the longitudinal phase
space at the extraction point of the RTM for different plane AB and CD are injected just before the first
values ofg. cavity traversal (orbit 0). The stable phase of the
cavity has been set to 9 degrees. These lines are given
C in eq.(2) describe the effect of a drift space, a sec after each full orbit.
bending magnet, a non-normal entrance/exit of a magi
and an accelerating cavity, respectively. The subscriptsSystem better that it might have done with the nominal
and 2 inB,, andB,, refer to the sectors 1 and 2 of theSettings foi= andg,

main bending magnets, respectively. The subsceipts,
and a, denote the entrance/exit angles for the edge3 VALIDITY OF THE LINEAR THEORY

focusing. The parametetsand ¢, are the amplitude and | order to verify the validity of the linear theory, two
stable phase of the cavity potentigl,, is the length of gyajght line segments in the longitudinal phase plane,
the cavity,L the distance between the bending magnets giich are a little larger than the main axes of the nominal
the central axis of the cavity, ahdis the extra drift that longitudinal input beam as it is delivered by the RTM
results from the rotation of the main bending magnet OV‘?rﬁjector, have been used as input for numerical tracking
7. The subscriph indicates that the concerning matrix isthrough the Eindhoven RTM, see figure 3. From this
orbit dependent. The matrix that describes the transport f?éure it can be seen that the longitudinal sizes of the
all twelve orbits, denoted byl is given by the product of jinac beam are much larger than the linear regime.
matricesM ,, throughM,. _ _ Therefore, the longitudinal input beam has also been
The longitudinal sub-matrix oM together with the cacylated through the Eindhoven RTM by means of the
longitudinal input beam have been used to calculate thgmerical simulation program for different values gf
longitudinal output beam of the RTM for different valuesggg figure 4. Of course, the longitudinal beam shape still
of @. The results are shown in figure 2. From this figure i&epends o, but making the bunch length shorter or the
appears that variations i that are much smaller than energy spread smaller by meansyof less effective. On
the stable phase area of about 18 degrees have a lajige other hand, if the RTM will be used for the
influence on the beam shape in the longitudinal phasg.celeration of short bunches [3], another pre-accelerator,
space. This implies that it is possible to gs® influence  \yhich will already produce much shorter bunches, will

the longitudinal beam shape, such that this beam shapg€-ome necessary. In that case the linear approximation
matches the acceptance of the following electron—opnc%lIay become valid and useful.
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Figure 4: The longitudinal beam shape of the RTM
output beam for different values @f
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Figure 5: The longitudinal output beam shape for a
beam that is injected with a small longitudinal
emittance §1010" rm) for ¢=9.0 degrees ang=9.4

degrees.

useful, as has been shown. Furthermore, if short bunches
will have to be accelerated with the RTM, another
injector will be used for the microtron. This injector will
most-probably produce beams with smaller longitudinal
emittances, such that the linear approximation might
become valid, which makes the minimisation of the
bunch length of the energy spread more effective.

If short bunches are to be accelerated in the RTM other
problems, which have not been considered in this paper at
all, may play an important role. For instance Coherent
Synchrotron Radiation, which

is important if short

bunches are bent by a magnetic field, may destroy the
short bunch length and therefore the RTM may not be

useful as an accelerator for ultra-short bunches at all [3].

As an example a beam with the nominal longitudinal
beam shape but with a much smaller longitudinal

RTM numerically, with =9 degrees. The longitudinal
output beam is shown in figure 5. This longitudinal beam
shape is similar to the beam shape shown in figure 2 for
@=8.3 degrees. Now, say that it is tried to minimise th
energy-spread of the beam. Then it can be seen form
figure 2 that this is achieved fg=8.7 degrees, which is
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situation we have in our experiment for 9.0 degrees. So,
adding 0.4 degrees to the 9.0 degrees gives the output
beam which is also shown in figure 5. In this figure the
energy spread is minimised quite well.

4 CONCLUDING REMARKS

The RTM’s output-beam shape in the longitudinal phase
plane is very sensitive to small variations of the stable
phase of the RTM’'s accelerating cavity. Therefore, the
choice of this stable phase can be used to minimise either
the bunch length or the energy spread of the output beam.
The principle has been studied in linear approximation,
but it has been shown that the linear approximation is
only valid for longitudinal beam sizes that are much
smaller than the longitudinal beam size that is delivered
by the current injector. The non-linear behaviour of the
RTM makes this minimisation less effective, but still
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