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In 2006 development of the recirculator design was carried out within the limits of three programs. With the purpose

to decrease of a beam traversal emittance and energy straggling the new system of injection allowing smoothly to

control energy of a beam is offered and optimized. The magnetooptical recirculator system structure was optimized

also. The basic aspects of recirculator operation in structure of the driver of subcritical assembly are in detail viewed.

Alternatives embodying of beam transportation channels on a target are offered. Draft designs of all recirculator

magnetic devices and the draft design of magnetic system as a whole are developed.

PACS: 28.50.Dr;29.25.-t

1. INTRODUCTION

In compliance with the decision handed down by
the Scientific Council of the Institute of High En-
ergy and Nuclear Physics (IHENP) in 2002 had been
created working group on development of new base
accelerator of institute. Work was completed in 2003
on selecting the promising directions for creating a
baseline accelerator facility at NSC-KFTI to meet
the demands of nuclear and high-energy physics re-
search [1]. The agreement with Eindhoven University
of Technology (Kingdom Netherlands) about team-
work above the future facility design has been the
same year signed. Results of operations 2004 and
2005 have been published in two monographs [2, 3].
Main routes and results of project development are
approved by Academic council SDC ”Accelerator”,
report N.7 from April, 11, 2005, Academic council
IHENP NSC KIPT, report N.4 from May, 18th, 2005
and report N.2 from February, 23rd, 2007, Academic
council NSC KIPT, report N.10 from October, 20-th,
2005.

Per 2006 project development was spent in ac-
cordance with two themes of the State program fun-
damental and applied researches on 2004-2010, and
also STSU project P233. Within the framework of
plans the basic attention has been given to those
three problems. The new variant of recirculator mag-
netooptical structure and systems of injection of a
beam [4] has been offered. Draft designs of all re-
circulator magnetic devices and the draft design of
magnetic system as a whole are developed. Opportu-
nities of use recirculator as the subcritical assembly
driver [5, 6, 7] are in detail viewed.

Dovbnya Anatolij, Guk Ivan, Kononenko
Stanislav, Tarasenko Oleksandr, M. van der Wiel,
J.I.M. Botman, M.I. Bratchenko, V.V. Gann, S.V.
Dyuldya, Peev Fedor, Perezhogin Sergiy, Hodak
Igor, Mytsykov Andriy, Kovalyov Georgiy, Sherbinin

Volodymyr, Alexenko Olga, Skirda Vasil have made
the basic contribution to the solution of these prob-
lems.

Main results of works have been reported at IV
conference on a high-energy physics, a nuclear physics
and accelerators, on February, 27-th on March, 3-rd,
2006, Kharkov, NSC KIPT; International conference
Actual problems of the nuclear physics and atomic
power engineering (NPAE-Kyiv2006), on May, 29-th
on June, 03-rd 2006, Kiev, Ukraine; European Par-
ticle Accelerator Conference, EPAC06, Edinburgh,
Scotland, 26-30 June 2006; XX All-Russia confer-
ence on charged particle accelerators, RUPAC-2006,
on September, 10-14-th, 2006, Novosibirsk, Russia.

The employees from IHENP and Institute of The-
oretical Physics, affiliated with NSC-KFTI, have de-
veloped a program of basic research in nuclear physics
on the facility to be constructed [11] in 2006.

2. ISOCHRONOUS MAGNETO-OPTICAL
STRUCTURE OF RECIRCULATOR SALO

With the purpose to minimize the energy spread
of accelerated beam and taking into account the im-
proved value of accelerating structure length, which
outcome the length of straight sections has increased
up to 25m, the magneto-optical structure (MOS) of
SALO recirculator [1] was modified. The minimiza-
tion of the beam energy spread has been reached by
isochronicity of all sections of the beam line, since
injection beam line and including two sites of beam
recirculation.

For realization such structure it was necessary to
refuse from uniform distribution of dipole magnets
along the sections of the beam rotation on angle 180o.
Besides, the straight section opposite accelerating one
was made ”lenses-free”, that allows to make indepen-
dent focusing of both sites of recirculation.
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On Fig.1 the general view of reciculator SALO
MOS new version together with injection beam lines
is shown.

For injection the magnet b7, included in three
magnets bypass (b5, b6, b7), is used. Such a sys-

tem allows to produce injection of 9.5 MeV beam,
bypassing magnet B10 of arc which designed for a
field ∼ 1.2 T and has the leakage fields intensive
enough. Besides, such injection system allows to reg-
ulate smoothly the accelerated beam energy.

Fig.1. Recirculator lay-out

With use of TRANSPORT code at initial energy
spread in beam 0.1% and a longitudinal size 0.082 cm
the energy spread for a beam with energy 249.5,
489.5 and 729.5 MeV has been calculated. The values
of relative energy spread are accordingly 6.5 · 10−5,

3 · 10−5, 2 · 10−5 for each energy. The maximum val-
ues of enveloping are σx ≈ 0.3 cm, σy ≈ 0.65 cm. The
general view of installation which will be disposed in
a hall of targets, is presented on Fig.2.

Fig.2. The general view of facility

As accelerating structure we choose the module
for two superconducting sections TESLA which is
made by corporation ACCEL Instruments GmbH
(Germany) [8]. It is supposed to use six modules
which will be disposed in recirculator rectilinear gap.

As prototype injector of the polarized electrons
we select an injector developed for SEBAF accelera-
tor [3]. As energy of electrons in it does not exceed
100 KeV , for accelerating electrons up to 9.5 MeV
it is supposed to use one more module. It will be
situated after the electron-emitting source.

For operations with unpolarized beams it is sup-
posed to use the high-frequency gun developed at cen-
tre ELBE (Germany). The gun allows to gain a elec-
tron beams with energy up to 9.5 MeV with current
up to 1 mA [3]. This gun can be manufactured by
corporation ACCEL Instruments GmbH (Germany).

Now leading firms of Europe, USA and Japan
make enough great many RF power sourses which
can operate at frequency 1300 MHz. These devices
can be bought for use in facility.
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3. DRAFT DESIGN OF RECIRCULATOR
SALO MAGNETIC SYSTEM

Within the framework of the Agreement, 2003 saw
delivery from Eindhoven University to NSC-KFTI of
ten dipole and thirty two quadrupole magnets taken
down from the EUTERPE storage ring [3]. By de-
velopment of the preliminary design of recirculator
magnetic system these magnets were used for mak-
ing the first ring of recirculation. The general view
of these magnets is presented on Fig.3 and Fig 4.

When chose a construction of a dipole magnet
of the second recirculator ring and other magnetic
devices three-dimensional model of a field was used.
The construction of a magnet with closed magnetic
circuit core, shown on Fig.5, allows to gain more
compact device, than we use c-magnet. A field dis-
tribution in a magnet and geometrical sizes of a
magnet are presented on Fig.6. Powerful quadrupole
with a gradient of 26 T/m for the second ring is pre-
sented on Fig.7.

Fig.3. EUTERPE dipole magnet

Fig.4. EUTERPE quadrupole magnet

Fig.5. Dipole magnet
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Fig.6. Field distribution in magnet

Fig.7. Powerful quadrupole

Fig.8. Injection dipole magnet

Fig.9. Injection quadrupole magnet

Fig.10. Corrector magnet
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Seven dipole magnets (see Fig.8) and 13
quadrupoles (see Fig.9) are used in a section of beam
injection. A quantity of these quadrupoles can be
used in channels of an extraction of particles on a
target.

For change of beam position correctors (Fig.10)
will be used, allowing to change a path of a beam in
vertical and horizontal planes.

4. USE RECIRCULATOR AS A DRIVER
OF SUBCRITICAL ASSEMBLY

Module which we choose allows to receive a gain
of energy 20 MeV for a current 1 mA [3]. In the lin-
ear accelerator of an accelerating complex SALO it
will be used such six modules. Thus, the maximal
beam energy on an output of the accelerator will be
close to 130 MeV . This operating mode will be used
for a variant of use accelerator as the driver for sub-
critical assembly [3, 5, 6, 7]. In this operating mode
the high-frequency injector, injection beam formation
system, accelerating system and system electrons for-
mation in the transportation channel which includes
magnetic system of the first arch will be used.

On Fig.2 elements of magnetic system of a com-
plex which allow realizing this mode are presented.
The beam output can be carried out in three direc-
tions. On the end of transportation channels the sys-
tem of dipoles and quadrupoles settles down, allow-
ing to receive a beam of the necessary sizes on targets
surface [4].

Apparently from Fig.1,2 channels beam trans-
portation on subcritical assembly are possible. They
can be realized at turning on of first three, four or all
dipole magnets of an arch. As these channels, except
for length, have no key differences, it is enough to ob-
serve transportation of electrons one of them (see Fig.
11 and 12). Two quadrupole triplets (N1Q1 - N1Q6)
provide transportation of a beam from magnet B3 up
to magnet BV1 on distance of ∼ 58 m with following
parameters: maximum horizontal size 1.7 cm, maxi-
mum vertical size 0.25 cm In Fig.11 are shown vertical
and horizontal beam envelope curve on a section of
transportation. Two 45◦ magnets BV1, BV2 (see a
Fig.12) turn a beam on 90◦ in a vertical plane. Beam
cross-section on an entry in the first rotary magnet
minimally and close to round. It provides the small
vertical aperture of rotary magnets. Then electron
beam power ∼ 130 kw it is necessary to lead on tar-
get had apart of 1.9 m from edge of magnet BV2 (the
distance is determined by sizes of volume in which
it is supposed to place subcritical assembly). Beam
size on a target should be such to not allow excessive
heating of a target and simultaneously to minimize
beam losses on vacuum channel walls. At target di-
ameter of 6 cm beam diameter on it should be∼ 5 cm.
In this case beam losses on walls of vacuum chamber
will not exceed 1%.

Calculations have shown, that in case of providing
the necessary beam sizes on the target with the help
only of triplets N1Q1-N1Q6 the beam size in magnet
BV1 equals ∼ 4 cm and this demands the vertical

aperture of magnets not less than 5 cm. The use in
BV-magnets the edge focusing allows to reduce the
vertical aperture, however in this case the opportu-
nity of beam size adjustment on the target will be
lost. It is more expedient to adjust the beam sizes on
the target with the help of lenses N1Q7 and N1Q8,
which are located between magnets BV1 and BV2. In
this case the space behind magnet BV2 is not achro-
matic. When4E/E ∼= 10−4, like it takes place in our
case, the energy spread contribution to the beam sizes
on the target does not exceed ∼ 1 mm. On Fig.12 the
beam envelope for the beam-line from the lens N1Q4
up to neutron producing target is shown. The given
curves and appropriate to them magneto-optical
structure are typical for all presumable beam lines.
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Fig.11. The transverse sizes of beam on a section
of transportation from recirculator exit up to an
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Fig.12. Beam sizes on last section transportation
channel on a target

A little bit simplified model of one of the typical
embodiments of assembly on the basis of the modified
fuel elements of VVER-1000 reactor type [9, 12] (see
Fig.13) has been observed. The assembly consists of
42 cylindrical fuel cells (∅0.772× 45 cm) in Cr shells
thickness of 0.74 mm, density 6.506 g/cm3 and tem-
perature 400 K. Fuel cells contain UO2 (10.96 g/cm3,
600 K) with enrichment of 19.8% on uranium-235.
They are disposed in the hexagonal pattern with a
step of 2.8 cm and surrounded by moderating mate-
rial (1H2O 0.9982 g/cm3, 320 K).

Graphitic (6C, 2.3 g/cm3, 300 K) cylindrical re-
flector of the assembly (∅100× 110 cm) contains
coaxial (∅6× 33 cm) vacuum channel on which end it
is had irradiated target in length of 5 cm, consisting of
seven hexahedrons densely packed with a step 2.8 cm
from the poor uranium (238U, 19.1 g/cm3, 400K).
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For calculation system subcritical coefficient and
spatial distributions of neutrons density in the assem-
bly have been applied Monte-Carlo methods mod-
elling of radiation transport in three-dimensional ge-
ometries. It was used developed in NSC KIPT func-
tional analog of package MCNPX - program RaT [13]
grounded on freely passed round object-oriented li-
braries Geant4 Toolkit [10].

By means of program RaT 3.0 three-dimensional
spatial distributions of density of neutrons in con-
tinius conditions of subcritical assembly operation
(see Fig.13,14) are counted.

One electron generates in such target 0.0608 neu-
trons at energy 100 MeV . Full neutrons stream are
equal ≤ 3, 8∆1014 n/s at beam power of 100 kw.

Fig.13. Allocations of density of neutrons in a
cross-section subcritical assembly at a level of the

target

Fig.14.Allocations of density of neutrons in a
cross-section subcritical assembly in a plane

containing an axis of the assembly

Calculations show, that for a typical assembly
construction such parameters of the driver provide
the characteristic densities of neutron streams 4 ·
1013 n/(s · cm2) in a reacting region and 1 ·1013 n/(s ·
cm2) in the graphitic reflector of assembly at coeffi-
cient of amplification of power nearby 3.3.

5. STAGES OF FACILITY START

During design there is apparent an expediency of
facility start in two stages. The first stage guesses
maximum use of existing equipment for realization of
double pass of beam through accelerating structure

with an extraction of particles in an existing hall of
spectrometers. Dipole both quadrupole magnets and
the modernized machine assemblies for their feed will
be used. It is necessary to get six accelerating mod-
ules and a source of nonpolarized electrons, and also
a liquefier for maintenance of accelerating structures
operation. Also it is necessary to buy seven com-
plete sets RF of radiants a fuel system for them. It
is necessary to makeproduce for system of injection
of 6 dipole and 12 quadrupole magnets; vacuum tube
devices and pump-down systems. Start of this part
equipment will allow to begin physical experiments
with electron beams with energy up to 490 MeV .

The second stage guesses manufacturing source of
the polarized electrons, accelerating module and RF
source for it. It is necessary to produce ten dipole and
four quadrupole magnets for the second ring of recir-
culation and necessary vacuum devices for this ring.
For the complete maintenance facility with fluid he-
lium it is necessary to get additional liquefier.

With producers estimations of manufacturing cost
and purchases of inventory have been lead. An ex-
pense for the first stage will make 9, 5 million euro,
and for second-3 million.

Per 2007 the basic force will be guided on de-
tailed development extraction particle channels on
the physical installations stipulated by the program
of experiments [11].
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ПРОЕКТ РЕЦИРКУЛЯТОРА SALO – РАБОТЫ, ВЫПОЛНЕННЫЕ В 2006 ГОДУ

И.С.Гук

В 2006 году разработка проекта рециркулятора осуществлялась в рамках трёх программ. С целью
уменьшения поперечного эмиттанса пучка и энергетического разброса предложена и оптимизирована
новая система инжекции, позволяющая плавно регулировать энергию пучка. Оптимизирована новая
изохронная структура магнитооптической системы рециркулятора. Подробно рассмотрены основные
аспекты работы рециркулятора в составе драйвера подкритической сборки. Предложены варианты ре-
ализации каналов транспортировки пучка на мишень. Разработаны эскизные проекты всех магнитных
элементов рециркулятора и эскизный проект магнитной системы в целом.

ПРОЕКТ РЕЦИРКУЛЯТОРА SALO – РОБОТИ, ВИКОНАНI У 2006 РОЦI

I.С.Гук

У 2006 роцi розробка проекту рециркулятора виконувалась в рамках трьох програм. З метою змен-
шення поперечного эмiтансу пучка та енергетичного разкиду запропонована i оптимiзована нова си-
стема iнжекцiї, яка дозволяє плавно змiнювати енергiю пучка. Оптимiзована нова iзохронна структура
магнiтооптичної системи рециркулятора. Детально розглянутi основнi аспекти роботи рециркулятора
в складi драйвера пiдкритичної збiрки. Запропонованi варiанти реалiзацiї каналiв транспортування
пучка на мiшень. Розробленi ескiзнi проекти всiх магнiтних елементiв рециркулятора та ескiзний про-
ект магнiтної системи в цiлому.
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