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Abstract 
Pulsed deflecting magnet (kicker) project was worked 

out in BINP (Budker Institute of Nuclear Physics). The 
kicker design task is: impulsive force value is 1 mT*m, 
pulse edge is 5 ns, and impulse duration is about 200 ns. 
The unconventional approach to kicker design was 
offered. The possibility for set of cylinders using instead 
of plates using is considered. This approach allows us to 
reduce the effective plate surface. In this case, we can 
decrease effects related to induced charges and currents. 
In the result of modelling optimal construction was 
developed. It includes 6 cylinders (two sets in threes). 
Cylinders are 2 mm in cross-section. The magnet aperture 
is about 5 cm. Integral magnet length is about 1 meter. 
This length can be obtained by single magnet or by 
multiplied length of magnets array. Calculated field rise 
time (about 1.5 ns) satisfies the conditions. Induced 
current effect reducing idea was confirmed. For 
configuration with 3 cylinders pair (with cross section of 
2 mm) induced current in one cylinder is about 10% and 
in the wall is about 40%. However for design with plates 
current is about 40% and 20% respectively. Obtained 
magnet construction allows controlling of high field 
homogeneity by changing currents magnitudes in 
cylinders. In general, we demonstrated the method of 
field optimization. On the basis of this work has been 
developed magnet design documentation. The magnet 
was made in BINP. At present is preparing the stand for 
magnetic measurements, launched works for the 
numerical simulation of beam dynamics in CST Studio. 
Summary. Optimal kicker design was obtained. Cylinders 
using idea was substantiated. Magnet was made. 

THE KICKER CONCEPT DESIGN 
The kicker design should accept several requirements. 

The first one is vacuum chamber and kicker symmetry 
axis coincidences. The second one is that central angel 
should be about 90˚. The optimisation parameter is 
magnetic field homogeneity in centrally located square 
area (2 cm x 2 cm). 

GEOMETRY OPTIMIZATION 
Computer simulation was carried out for kicker’s 

parameters optimization. Calculations were realised in 
FEMM and Maxwell. The central angle, the cylinders 
number and diameter was optimized. 

The Number of Cylinders 
The initial geometry is shown in Fig. 1a. The cylinders 

with fixed diameters were placed in the vacuum chamber 
(with the radius of 7.5 cm) at a distance of 6 cm from its 
centre. The cylinders number arranges from 4 to 20. For 
comparison, geometry with plates was simulated 
(Fig. 1b). For simulating magnetic fields, the task 

formulated in harmonic analysis was solved on a 
frequency of 200 MHz. In this task cylinders are parallel 
connected to a current source. The impressed current in 
three left cylinders is +1kA, and in three right cylinders is 
–1kA. 

Simulation results allow us to obtain the follow 
geometry characteristic: field homogeneity, mean value of 
magnetic field in the centre of the magnet, and magnet 
impedance.  

 

 

Figure 1: a). Geometry concept, b). Geometry with plates. 

Field homogeneity is calculated according to 
Formula (1): 
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where Bmax, Bmin – magnetic field maximum and 
minimum values, respectively, determined in centrally 
located square area (2 cm x 2 cm). 

The field homogeneity dependence on  the cylinders 
number is shown in Fig. 2. Here we can see that 
homogeneity with using 6 cylinders is equal 1%, and it 
does not dramatically change with the cylinders number 
increase. However, the increasing number of cylinders 
leads to a lot of technical problems associated with the 
vacuum feedthroughs. Thus, we should strive for the 
minimum number of cylinders.  

The mean value of magnetic field is calculated under 
the same conditions as the field homogeneity. Calculation 
results are shown in Fig. 3. In this figure we can see that 
field mean value does not depend on the cylinders 
number. 

Cylinder impedance is calculated according to energy 
method. To use this method two tasks were solved for the 
different number of cylinders. The first problem is 
harmonic magnetic problem. The second problem is 
electrostatic problem. Energies of magnetic and electric 
fields can be calculated according to formulas (2) and (3): 
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where Wm and We are magnetic and electric field 
energies, respectively, Ik and Ψk are current through k-
conductor and flux linkage generated by Ik. 

Simplified equivalent electrical circuit of the magnet 
is shown in Fig. 4. The magnetic field energy can also be 
calculated from numerical simulation of field 
distributions in FEMM.  

If we accept both conductor groups (LI1, LI2 – first 

group; LI3, LI4 – second group) to have equivalent 
inductances and neglect magnetic field linkage between 
conductors, we obtain expression for energy (4). 

Expressing the values C and L from (3) and (4), 
respectively, we can obtain the impedance (Formula 5) 
[1]. The obtained expression allows us to estimate the 
impedance of the magnet using field energies 
(Formula 6). 
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where U – voltage in the electrostatic problem, I – current 

in the harmonic problem, mW  – magnetic field energy, 

eW  – electric field energy. 

 

Figure 4: Simplified equivalent electrical circuit of the 
magnet. 

 
Calculation results are shown in Fig. 5. We can see that 

if the wire number is equal 6, impedance is about 25 
Ohm. So if current is 1 kA we need a modulator with an 
operating voltage of 25 kV.                                       . 

Diameter of Cylinders 
To determine the diameter of the cylinders the 

optimization problem was solved in Maxwell. In the 
initial geometry the diameter of the cylinders was varied. 
In the geometry centre a conductor with a current with 
amplitude of 1 A was located (Fig. 6). The dependence of 
the image current amplitude in each wire from its 
diameter was analysed. 

 One of the obtained dependences is shown in Fig. 6. 
The figure shows the dependence of the image current in 
the wall from the diameter of the cylinders. One can see 
that in the small diameter cylinders practically all the 
image current on the chamber walls. The plot shows that 
the wire diameter of 2 mm is enough. 

 
Figure 7: Image current on the wall. 

Central Angle 
To determine the central angle the optimization 

problem was solved in Maxwell. The central angle ranges 

 
 

Figure 2: The dependence of field homogeneity from 
geometry type (total number of cylinders or plates). 

 
Figure 3:  The dependence of magnetic field mean value 
from geometry type (total number of cylinders or plates). 

0%

2%

4%

6%

8%

4 6 8 10 12 14 16 18 20 Plates
Geometry type

Field homogeneity 

de
lt

a

0.E+00

2.E-04

4.E-04

6.E-04

8.E-04

1.E-03

1.E-03

4 6 8 10 12 14 16 18 20 Plates

В,
 T

es
la

Geometry type

Magnetic field mean value

6th International Particle Accelerator Conference IPAC2015, Richmond, VA, USA JACoW Publishing
ISBN: 978-3-95450-168-7 doi:10.18429/JACoW-IPAC2015-MOPTY033

MOPTY033
1002

Co
nt

en
tf

ro
m

th
is

w
or

k
m

ay
be

us
ed

un
de

rt
he

te
rm

so
ft

he
CC

BY
3.

0
lic

en
ce

(©
20

15
).

A
ny

di
str

ib
ut

io
n

of
th

is
w

or
k

m
us

tm
ai

nt
ai

n
at

tri
bu

tio
n

to
th

e
au

th
or

(s
),

tit
le

of
th

e
w

or
k,

pu
bl

ish
er

,a
nd

D
O

I.

6: Beam Instrumentation, Controls, Feedback, and Operational Aspects
T03 - Beam Diagnostics and Instrumentation



from 40˚ t
maximum ho
The value of 

 The result
plot shows 

homogeneity

 
 Fig

THE
Taking in

designers de
dimensions w
magnet cros
magnet lengt
100 mm. The
cylinder diam
in Fig. 10. T
body of the 
developed in

For the si
beams the C

Figure 6: Im
minimum rad

3

0

10

20

30

40

Z
, 

im
pe

da
nc

e,
 O

hm

to 140˚. The
omogeneity of
f 1 correspond
t of the optim

that the o

y is 74˚. 

gure 8: The ce

E KICKER
nto account 
eveloped a 
were selected
s section is s
th is about 65
e vacuum cha
meter is 28 mm

The cylinders a
magnet. The

n BINP. 
imulation of 

CST Studio is 

Figure 5

mage current
dius, right – m

35

25
21 2

4 6 8 1

Impedan

e optimizatio
f the field in t

ds to uniform f
mization is sho

ptimum ang

entral angle op

R ACTUAL 
obtained re

kicker proto
d based on m
shown in Fig
50 mm. The m
amber diamet
m. Manufactu
are made of s

e ceramic feed

dynamics of 
used. These 

5: Impedance.
 

 
t calculation 

maximum). 

20 19 18 18

0 12 14 16
Geometry type

nce comparation

on goal was
the magnet mi
field. 
own in Fig. 8
le for maxi

ptimization. 

DESIGN
esults, the B
type. The k

measurements.
g. 9. The phy
magnet apertu
er is 164 mm

ured magnet sh
teel, as well a
dthrough also

f charged par
simulations a

. 

geometry (l

8 17 17

16

6 18 20 Plate

n

s the 
iddle. 

. The 
imum 

BINP 
kicker 
. The 
ysical 
ure is 

m. The 
hown 
as the 
o was 

rticles 
are in 

the i
held

Figu
mm)

Th
in B
work
prop

 

[1]

 

eft – 

6

es

initial stage. O
. One of the fi

ure 9: The kic
). 

Figur

Figure 11: B

he design of n
INP. The kick
k on the m
perties will be

M. T. A.W.C
Engineering, S
Pte. Ltd, 1999.

Only prelimin
irst results is s

ker actual des

re 10: The kick

Beam dynamic

SUMMA
non-conventio
ker was manuf
measurement 

started. 

 REFERE
Chao, Handboo
Singapore: Wor
 

nary calculatio
shown in Fig. 

sign (all dime

cker actual pho

cs simulation 

ARY 
onal kicker w

ufactured. In th
of the kick

ENCES 
ok Accelerator

orld Scientific P

ons have been
11. 

ensions are in

oto. 

in CST. 

was developed
he near future
ker magnetic

r Physics and
Publishing Co.

n 

n 

d 
e 
c 

d 
. 

6th International Particle Accelerator Conference IPAC2015, Richmond, VA, USA JACoW Publishing
ISBN: 978-3-95450-168-7 doi:10.18429/JACoW-IPAC2015-MOPTY033

6: Beam Instrumentation, Controls, Feedback, and Operational Aspects
T03 - Beam Diagnostics and Instrumentation

MOPTY033
1003

Co
nt

en
tf

ro
m

th
is

w
or

k
m

ay
be

us
ed

un
de

rt
he

te
rm

so
ft

he
CC

BY
3.

0
lic

en
ce

(©
20

15
).

A
ny

di
str

ib
ut

io
n

of
th

is
w

or
k

m
us

tm
ai

nt
ai

n
at

tri
bu

tio
n

to
th

e
au

th
or

(s
),

tit
le

of
th

e
w

or
k,

pu
bl

ish
er

,a
nd

D
O

I.


