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The results of the further optimization of the focusing lattice of the magneto-optical structure of the multi-
functional accelerator complex of the NSC KIPT are presented. The basis of the complex is an electron recirculator
with a superconducting accelerating structure. The maximum electron energy of about 600 MeV can be obtained
when the beam passes through the accelerator three times. The beam layout into injection area and recirculator arcs
are given. Focusing functions and beam sizes along the beam trajectory and at the output azimuths are calculated.
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INTRODUCTION

In order to implement the concept of the state target
program for the development of the experimental base
of the NSC KIPT for fundamental and applied research
in the field of nuclear physics, high-energy physics, and
the interaction of radiation with matter in works [2-4], a
project of a multifunctional accelerator complex, the
main object of which is an electron recirculator at a
maximum energy of about 600 MeV. The basis of this
conceptual project was the results of a review of the
world facilities at which nuclear physics research is
conducted in the world [2, 3] and ideas for the devel-

opment of accelerator technologies laid down in the
European Strategy for Particle Physics — Accelerator
R&D Roadmap [5]. This strategy is a roadmap for the
development of accelerators in Europe in the next
5...10 years. Active participation in these works is tak-
en by world centers in which the latest directions of
nuclear physics research are currently concentrated [3].

The general view of the magneto-optical structure of
the multifunctional accelerator complex is presented in
Fig. 1.

Let us consider in more detail the results of optimiz-
ing the magnetic structure of the recirculator project.

Fig. 1. General view of the recirculator

1. STRUCTURE OF THE COMPLEX

The scheme of injection of electrons into the recircu-
lator is presented in Fig. 2. As a prototype of the elec-
tron source in the project, an injector with a supercon-
ducting accelerating structure, developed at the HZDR
in Dresden, was selected [6, 7]. In one of the modifica-
tions of the source, electrons can be accelerated to
9.5 MeV, the average value of the accelerated current
reaches 1 mA, the charge in the bunch up to 1 nanocou-

lomb. Bunch length is 4...15 ps. The accelerator struc-
ture of the injector operates at a frequency of 1.3 GHz at
a temperature of 1.8 K.

After the injector, the beam will enter the supercon-
ducting accelerator module, which contains two 9-
resonator structures TESLA made of niobium [8-10].
Energy gain — 25 MeV.

A system of three and five quadrupoles QL2 and two
dipoles BM2 creates an achromatic structure that allows
the formation of beams with good characteristics at the
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entrance to the main accelerating structure. The angle of
rotation of the beam in dipole magnets is 18.30°.

For injection positron into the recirculator, a con-
verter and a solenoid made on the basis of rare-earth
alloys will be installed in front of the first dipole, which
will be able to be removed from the beam when work-
ing with accelerated electrons.

If the field of the first magnet is turned off, a beam
with a maximum energy of 34.5 MeV can be transport-
ed to create a source of slow positrons for positron an-
nihilation spectroscopy.

When changing the direction of the magnetic field, a
beam with the same energy can be used on the channel
for work with radiation technologies, production of iso-
topes for medicine, etc.

- _COR
B0 408 o0

Fig. 2. Injection

In order to reduce the influence of longitudinal har-
monics of perturbation of the fields of focusing ele-
ments and nonlinear effects in the dynamics of the elec-
tron beam, an injection scheme was chosen, which made
it possible to create a symmetrical focusing structure in
the recirculator rings [4]. This led to the optimization of
the phase portraits of the beam. In this structure, the
beam undergoes a turn in an arch at an angle y > 180°;
y=180°+2¢p, where ¢ =3° (at a beam energy of
210 MeV) is the angle of rotation of the additional mag-
net on long straight sections. Injection into the recircula-
tor is carried out with the help of this BM2 magnet (see
Figs. 1 and 2). The same magnets are introduced on the
rectilinear spaces of the first and second recirculation
rings, not occupied by the accelerating system (Fig. 2).

After injection, the beam is accelerated in a system
of seven superconducting modules [8-10] installed in a
long straight span (see Fig. 1). A beam with a maximum
electron energy of 209.5 MeV is directed along the first
ring of the recirculator with the help of a BM dipole
magnet installed at the end of the gap after the accelera-
tor (Fig. 3).

If the rotary magnet is turned off after the accelera-
tor, the beam can be directed to the target of the pulsed
neutron source [11].

The magnetic system of the first ring (see Figs. 1-3)
ensures the rotation of the beam into the accelerator,
where its energy will increase by 175 MeV. After that,
the beam completes its rotation through the second ring,
passes through the accelerator a third time, and with an
energy of 559.5 MeV is output to physical installations.
This beam can also be injected into the storage ring — a
source of synchrotron radiation and used in a free elec-
tron laser.

If you turn off the fourth magnet on the second re-
circulation ring, as shown in Fig. 3, you can get another

channel of the emitted beam with a maximum energy of
384.5 MeV.

Fig. 3. Output channels

Quadrupoles QL, placed in rectilinear intervals of
turning arcs (Fig. 4), should ensure the isochronous mo-
tion of the electron beam in the recirculator and achro-
maticity of long rectilinear intervals, and sextupoles
SL — correction of natural chromaticity and dynamic
aperture of the rings.

Fig. 4. Structure of short intervals

The system of COR correctors is placed in the struc-
ture in such a way as to provide the most effective cor-
rection of the beam trajectory.

2. BEAM PARAMETERS

The main features of recirculator focusing structures
are:

* the requirement of isochronity of each of the rings,
which ensures obtaining the maximum energy of accel-
erated particles (at each passage of the accelerating
structures, bunches of the beam fall into the accelerating
field with minimal phase dispersion);

* the minimum requirement of my, (M34) elements of
the ring transmission matrices, which ensures the sup-
pression of BBU — beam instability.

These requirements are satisfied by the appropriate
selection of the parameters of the quadrupole lenses of
the QL and QL2 rings. Focusing is quite tight and the
natural chromaticity of both rings is high. To correct the
chromaticity and dynamic aperture in the arches of the
rings and on long rectilinear spaces opposite to the
space with accelerating structures, SL sextupole lenses
are installed (see Figs. 1-4).

The minimization of the elements of the matrices
my, (ms,) leads to the fact that the frequencies of beta-
tron oscillations in the rings are close to integer (half-
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integer) values. At the same time, distortions of the
equilibrium orbit (EO) in the rings can exceed the aper-
ture values of the vacuum chambers. To correct these
distortions, correctors have been introduced into the
structure of the rings, which allow compensating for EO
deviations along the entire perimeter of the recirculator.

The parameters of the injected beam were calculated
as follows:

* beam energy E; = 34.5 MeV;

« normalized transverse emittance &, = &, =2-10°;

» electron bunch length (rms) I,=1.2 mm;

* energy spread (rms) J = 1-107.

The amplitude and dispersion functions of the recir-
culator rings in the range of injection azimuth — exit
azimuth of the accelerating structure after the third pass
of the beam are shown in Figs. 5 and 6.
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Fig. 6. Dispersion function of the recirculator

To develop the requirements for the vacuum cham-
ber, it is important to know the dimensions of the bun-
dle in the recirculator rings. Fig. 7 shows the root mean
square dimensions of the beam in the first ring. Geomet-
ric emittance of the beam axy:4.8~10'8, energy spread of
the beam §=0.167%.
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Fig. 7. Dimensions of the beam on the first ring (mm)

Fig. 8 shows the rms dimensions of the beam in the
second ring. Geometric beam emittances sxyy:2.6~10'8,
beam energy spread 6=0.167%.
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Fig. 8. Dimensions of the beam on the second ring (mm)

The cross-section of the beam after the first pass
through the accelerating interval is shown in Fig. 9
(beam energy E = 210 MeV, blue symbols). For com-
parison, the injection beam at the entrance to the accel-
erator represented by red symbols.
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Fig. 9. The dimensions of the beam with an energy
of 210 MeV

The cross-section of the beam after the second pas-

sage through the accelerating gap (beam energy

E=385 MeV) is shown in Fig. 10.
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X (mm)
Fig. 10. Dimensions of the beam before entering the
second ring recirculator

The cross-section of the beam at the exit of the se-
cond magnet of the exit channel (beam energy E =
560 MeV) is presented in Fig. 11.
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Fig. 11. The beam with the highest energy at the exit
output channel

The energy spectrum of the beam after the second
magnet of the beam output channel with the maximum
energy presented in Fig. 12.
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Fig. 12. The spectrum of the beam with
the highest energy
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ONTUMIBAIIA MATHITOONTHYHOI CTPYKTYPU BATATO®YHKIIIOHAJILHOT'O
IMPUCKOPIOBAJIBHOI'O KOMILJIEKCY HHII X®TI

I' /I. Kosanenko, 1.C. I'yk, I1.1. I'naoxux, /1.10. lllaxoe

[IpencraBneHo pe3ynbTaTu NOAAIBIIOT ONTHMI3allii MarHITOONTHYHOI CTPYKTYpH 0araTo(yHKIIOHaIBHOTO NPH-
ckoptoBasibHOro komiuiekcy HHI[ X®DTI. OcHOBOIO KOMIUIEKCY € PEHUPKYJISATOP €IEKTPOHIB 3 HAIPOBIAHOIO MTPH-
CKOPIOBAJIBHOIO CTPYKTYpOIO. MakcuMalibHa eHeprist enekTpoHis Oinst 600 MeB moxe OyTu ojepkaHa npu TpUKpa-
THOMY NPOXOJDKEHHI ITy4YKa 4Yepe3 NpHcKopioBad. HaBeseHo aaHi mpo po3MillleHHs: MarHiTHOTO OOJialHaHHS Ha Ji-
JSTHLI 1HKeKIIT 1 apkax penupkyisitopa. PozpaxoBano gynkuii GpokycyBaHHS Ta po3MipH ITydKa B3J0OBXK TPAEKTOPIl
pyXy ITy4Ka i B TOYKax BUBOLY.
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