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The collective methods of
proton acceleration with the
help of electron bunches are
currently well known. However,
the maximum energy of the pro-
ton beams produced by the con-
ventional method in todays's
accelerators substantially
exceeds the achieved energy of
electron beams. Therefore, the
use of proton beams for elec-
tron acceleration becomes
guite natural.

In the present report the
method is considered of cohe-
rent acceleration of electrons
with the highest gradient, up
to an energy of the order of
several hundreds of GeV and
higher, by means of intense
ultrarelativistic proton beams

produced at big accelerators.

This method has been published

in 1979 for the first fime/1/.

The method works as follows.
The accelerated proton beam
is grouped into a single com-
pact bunch. The electrons, the
total number of which congti~
tutes some part of the number
of protons, are injected into
it so that the total charge
decreases by 10-30% as compa-
red to the charge of the pro-
ton bunch. After that, this
proton-electron bunch isg di-
rected to a special non-exci-
ted resonant structure similar
to the diaphragmed waveguide
of a linear accelerator. Upon
motion of the bunch in the
structure, the electromagnetic
field is excited because of
the scattering of its self-
~-electromagnetic field on the
structure's diaphragms. This
process of radiation is de-

monstrated in Fig. 1 in which



the time picture of the force
lines of electric field of the
charged bunch flying by the
diaphragm in the waveguide is
shown. The distribution of
electric force lines has been
obtained by means of computer
simulation/Z/. The radiated
field effects, in turn, the
proton-electron bunch (the re-
action of radiation fields)
such that at the same time the
protons are decelerated and
the electrons are accelerated.
In such a way the energy of
protons is converted into the
energy of electrons;
some fraction of the radiated
energy remains in the structu-
re.

in analysis of the radiati-
on fields shows that an ampli-
tude of the radiated field in-
creases with decreasing both
the diameter of a flight hole
and the distence between the
¢iaphragms but is limited by
the size of the bunch. In

of course,

terms of Fourier harmonics
this means that the higher
harmonics, up to the wave-
lengths comparable with the
bunch size, are radiated. Hen-
ce, a choice of the sizes of
the structure is due to those
of the bunche. It is necessary
to emphasize that the ampli-
tude of the radiated field,
ie.es the total amplitude of
all radiated harmonics, can
be by 10 and more times lar-
ger as compared to the funda-
mental harmonic. In contrast
to the method suggested by
E.A.Perevedentsev and
A.H.Skrinsky/B/, the use of a
single bunch by the method
under consideration makes it
possible to create the acce-
lerating fields which are
nmuch higher than those exci-
ted by a sequence of bunches
with the same total number of
varticles.

The distribution of the

longitudinal force (which is



a decelerating one for protons

and an accelerating one for
electrons) averaged over the
structure period is given in
Fig. 2 as a function of the
coordinate in the bunch. The
density distribution of a
charge in the bunch is also

shown in this Figure. As is

seen, the bunch with 10‘3 DIO~

tons and of about 0.5 cm in
size creates an accelerating
field for electrons of about
1 GeV/me. The required mono-
chromaticity can be achieved
by an appropriate arrangement
of electrons inside the onro-
ton bunch. It is noteworthy
that this method of electron

acceleration is free from ri-

lic surface of diaphragms,
that leads to the autoelect-
ronic amigsion and electric
breakdown in the vacuum. The
autoelectronic emission on
the surface of diaphragms
will be so significant at
large values of electric
field that the picture of
fields will vary in conside-

rable extent. This limits the

range of applicability for

~our calculations but not, as

gid requirements for geometri-

cal sizes of the accelerating

gtructure so important in con-

ventional linear accelerators.

An intensge compact bunch

creates a strong electric

field not only on the structu-

re axis but z2lso on the metal-

—~

we hope, for the suggested
acceleration method. In order
that to avoid the desbruction
the fail of electrodes at va-
cuum breakdown occuring after
the passage of the bunch by
the emitted energy, this ener
gy should freely propagate in
the environment and be absor-
bed already in a large volume
Fig. 3). This way enables one
to achieve a maximally short
time for the existence of
fields on the diaphragms!

surface.



In practice, the reali-
zation of the suggested method
is possible with the use of
proton beams produced by acce-
lerators already operating be-
ing projected. So, the proton
beam with 31013 partic-
les (Batavia, Geneva), comp-
regsed to 0.5 cm, can
provide a rate of acceleration
of about 3 GeV/m. The use of
the proton beam with 6-1014
particles formed as a bunch of

1 cm in size will make it
possible to attain a rate of

acceleration of about 30 GeV/me.
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The time picture of the force lines of electric field of a
charge drifting by a diaphragm.
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Distribution of the accelerating (for electrons)
field along the bunch; the number of particles
0 = 1013, the longitudinal size of the bunch
1= 0.5 cm, a/ﬁ - 0.5, (0 LM =1,

(II)L/Z = 2.5

Pige 3. 7the layout of the accelerator



DISCUSSION

Reiser. If the electrons in the bunch are accelerated and the protons
decelerated they separate.

Balakin. If you take a TeV proton it doesn't matter, because the
velocity is close to that of light.

Reiser. Certainly not at the beginning, but since the idea is to lose
the proton energy to the electrons it might matter towards the end where
it is most important.

Balakin. You can decelerate protons to an energy of say 0.7 TeV
initially. In this case the proton at the end of the accelerator still
has high velocity.,

Zotter. Do you realise that the number of protons in your bunch is
three hundred larger than the biggest one used for pp in the SPS? (3 x
1013 compared with 1011).

Balakin. I think it is possible to have the total number of particles
in the large accelerator in a single bunch.,

Morton. What about wake fields associated with the bunch? Are you not
concerned about aiming this bunch accurately down the middle?

Balakin. We have a solution for the transverse stability of such a
bunch.
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