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A distinctive feature of the multi-turn recirculators lattice is the need for magnets that combine and separate elec-

tron beams with a large energy difference. Consequently, they must have a fairly wide aperture with a uniform mag-
netic field. This paper examines the specific parameters of such magnets for the MAC recirculator at the National
Science Center “Kharkiv Institute of Physics and Technology” (NSC KIPT). The results of calculations and the de-

velopment of a preliminary design for the magnet are presented.

PACS: 29.20.-c; 85.70.Ay

INTRODUCTION

In terms of beam utilization, linear electron accelera-
tors offer the best capabilities for physics research. This
is due to the stability of the beam parameters, low emit-
tance, and the ease of controlling these parameters.
Since the main cost of an accelerator is the cost of the
accelerating structure, a beam recirculation scheme can
be used to obtain a beam of a specified maximum ener-
gy at the lowest cost. This scheme uses a magnetic sys-
tem to transport the beam through the accelerating struc-
ture several times. This scheme allows for the simplicity
of controlling beam parameters during experiments and
significantly reduces the cost of the accelerator com-
plex.

The simplest scheme is to double the energy by hav-
ing the beam pass through the accelerator a second time
using some magnetic lattice. It was implemented on an
injector at MAX-lab [1] and the MIT Center for Accel-
erator Science and Technology [2]. The electron energy
in the accelerators at these laboratories was increased to
500 and 1000 MeV.

The requirements for the magnet lattice of the recir-
culator increase significantly as the number of recircula-
tions increases [3-12].

As can be seen from the recirculation diagram at the
CEBAF complex [3] following its latest upgrade, it fea-
tures a highly branched system of arcs arranged in
space.

aidnewhiol ™ gl

B
5 new %
cryomodules :

\ double cryo
upgrade capacity
existing Halls . { f

e /ﬁ

\ add arc upgrade magnets
v ‘ P9 g
v

, and power supplies
Fig. 1. Modernization of the CEBAF facility [3]
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A rather complex system of magnets is used to
properly distribute the beam along the arcs (Fig. 1). As
can be seen from the beam distribution diagram (Fig. 2),
it requires magnets with a wide aperture.

2

12 GeV geometry
— — — 6GeV geometry

L L B B

=

Elevation (m)

L T L L L
95 100 105 10 115 120

Distance (m)
Fig. 2. Schematic of the magnetic system
for beam distribution along the arcs at CEBAF [4]

Similar problems arise in other systems with multi-
ple arcs [5, 8-12].

1. FEATURES OF THE MAC
RECIRCULATOR'S MAGNETIC SYSTEM

The magnet lattice with triple-pass acceleration
structures chosen for the MAC recirculator project
[13, 14] is quite simple and significantly reduces the
cost of the facility. The two recirculator arcs and the accel-
eration system are arranged in a single plane. As a result,
there are two points where beams of different energies are
combined and split, as shown in Figs. 3 and 4.

Fig. 3. Combination of beams of two arcs
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Fig. 4. Branching of beams at the exit of the
accelerating structure

2. SELECTION OF MAGNET PARAMETERS

The bending angle in the trajectory splitter when
passing the beam in the first circle of the recirculator
should be 39 degrees [13, 14], which determines the
radius of the trajectory and, accordingly, the magnetic
field for a given magnet length. The radius of the trajec-
tories in the second circle and in the beam output chan-
nel with the maximum energy are proportional to the
ratio of the corresponding energies to the energy of the
electrons in the first circle of the recirculator —
204 MeV. The trajectories of the electron beams in this
case shown in Fig. 5.
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Fig. 5. Trajectories of electron beams after the
accelerator module. Light blue — 204 MeV;

purple — 379 MeV; blue — 554 MeV;
204 MeV — MR magnet turned off

The calculation of the magnet parameters, which
meets the requirements of the beam dynamics in the
recirculator, was carried out using the 2-dimensional
program Maxwell SV [15].

A quarter of a magnet was used for the calculations.
The boundary conditions at the edges of this region are
as follows: the magnet field lines are parallel to the
boundary in the middle of the magnet and are perpen-
dicular to the median plane. At the outer boundaries, the
boundary condition of an infinite distance was chosen.
The excitation current was chosen to be 6960 AW per
pole, which corresponds to 116 A of the source current.

The distribution of the magnet field lines under such
conditions is shown in Fig. 6.

The field distribution in the median plane is shown
in Fig. 7.

To illustrate the uniformity of the field, Fig. 8 shows
the distribution of the relative deviation of the field
from the field at the center of the magnet.

Fig. 6. Distribution of lines of force in 1/4 of a magnet
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Fig. 7. Field distribution in the median plane

BH- 1

- X,mm
- 0.00005
- 000010 |
- 000015
- 0.00020
- 00005 |

- 0.00030

Fig. 8. Relative deviation of the field from the field at
the center of the magnet

The electrons trajectory radius in the calculated field
of 0.69 T at the energy of 204 MeV will be 0.99 m,
379 MeV - 1.83 m, 554 MeV —2.68 m.

According to the generally accepted method, we cal-
culate the effective length of the field, which after re-
duction by the length of the pole gives the field decay
length relative to the edge of the magnet. In our case,
for a gap in the magnet of 25 mm, the field decay length
is 18.86 mm with an effective magnet length of 648 mm
(610 mm along the iron).

Calculation parameters were as follows:

e  Field value at the magnet center in longitudinal
planeis 0.7 T;

e  conductor is copper tube with a square cross
section of 7x7 with a hole diameter of 5 mm;

¢ winding is of 60 turns for a current of 116 A,
length of the turn is 1.8 m;
length of the winding is 217 m;
winding resistance 0.122 Q;
source voltage is 15 V;
source power is 1700 W,

The heat removal is carried out by 8 parallel cooling
circuits, each of which removes 210 W of power. For
the selected temperature difference of 5 degrees, the
pressure drop in the collectors should be 7 kPa, the
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coolant flow (demineralized water) is 4.8 I/min. In this
case, the water speed is 0.51 m/s, which ensures a turbu-
lent water flow regime (which is optimal).

Based on the simulation, a preliminary design of the
magnet was developed. The general view of the magnet
is shown in Fig. 9.

Fig. 9. Magnet with a pole width of 200 mm

Fig. 10 shows the placement of the developed split-
ter in the recirculator lattice. As can be seen from the
figure, all beam trajectories pass in the magnetic field
with a field uniformity of 104, which meets the re-
quirements of beam dynamics in the structure. The
channel with an energy of 204 MeV planned to develop
a neutron source, will operate with the field turned off
in the magnet.

Fig. 10. Placement of the magnet-branch in the struture
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MATHIT JJI51 PO3T'AJIYI)KEHHS EJIEKTPOHHHUX ITYUYKIB PEHHUPKYJISITOPA BIIK
ILI I'naokux, 1.C. I'yk, A.JO. Muyuxos
OcoOMuBICTIO MarHITHO-ONTHYHOI CTPYKTYpPH 0araroo0epTOBHX PEIMPKYJIATOPIB € MoTpeda B MarHirax, sKi
00’€THYIOTH 1 P03’ €JHYIOTh MyYKH €JIEKTPOHIB 13 BEIMKOIO PI3HUIICIO O €HEeprisx. Y 3B’A3Ky 3 MM BOHH ITOBUHHI
MaTy JI0BOJIi IUPOKY amnepTypy 3 OJHOPIAHUM MAarHiTHUM IoJieM. Po3riisiHyTo 0coO6aMBOCTI NapaMeTpiB TakKuX Mar-
HiTiB 1uist penupkyssitopa BITK HHIL X®TI. HaBeneno pe3yibraru po3paxyHKy Ta pO3pOOKH €CKI3HOTO IPOEKTY

MArHITYy.
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