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Abstract 
The project of beam lines for carrying out physical 

experiments at the DC-280 cyclotron which is being 
created at the FLNR JINR is presented. The commutating 
magnet with variable magnetic field induction up to 1.5 T 
gives us possibility to bend ion beams in five directions 
providing ion transportation through beam lines to five 
experimental setups. The beam focusing in the beam lines 
is provided by set of quadrupole lenses having the 
gradients up to 7.7 T/m. The beam lines are intended for 
the efficient ion transportation of elements from Helium 
to Uranium with the atomic mass to charge ratio in the 
range of 4-7.5 at energies from 4 up to 8 MeV/amu. The 
ion beam power will reach the value about 3 kW. The 
water cooled current aperture diaphragms will be installed 
into all beam lines to prevent the tube damage. The beam 
diagnostics consists of the Faraday caps (FC), slit 
collimators, sector aperture diaphragms and ionization 
beam profile monitors. 

 

INTRODUCTION 
DC-280 cyclotron designed at the Flerov Laboratory 

of Nuclear Reaction (JINR, Dubna) is intended for 
carrying out fundamental and applied investigations with 
ions from He to U (masses from A = 2 up to 238) 
produced by the ECR-source. The energy of the ions 
extracted from the cyclotron may vary from 4 up to 8 
MeV/amu. The main parameters of the DC-280 cyclotron 
are given in [1]. 

Utilization efficiency of the accelerator is determined 
in many respects by quality of the transportation system 
for the extracted ions. Widely branched system of the 
beam lines allows one to carry out numerous 
investigations. This work is devoted to the design of the 
beam lines for transportation of the extracted heavy ions 
from the cyclotron to physical targets. Lay-out of the 
beam lines for heavy ion transportation is shown in Fig. 1. 
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Figure 1: Lay-out of the beam lines for heavy ion transportation. 

Where: TM is the bending magnet (±50º), TCMH,TCMV are the horizontal and vertical steering magnets at DC-280 
extraction,ТxQy are the magnetic quadrupoles, ТxCMy are the two-plane dipole steering magnets, ТxBy are the diagnostics boxes, 
ТxSTy are the beam stoppers, ТxGVy are the vacuum gate valves (where: x is the beam line number, y is the element number). 

 

THPSC09 Proceedings of RuPAC2014, Obninsk, Kaluga Region, Russia

ISBN 978-3-95450-170-0

336C
op

yr
ig

ht
©

20
14

C
C

-B
Y-

3.
0

an
d

by
th

e
re

sp
ec

tiv
e

au
th

or
s

05 High intensity accelerators



DESC
The parti

commutating
experimental
RCNP of Os
be separated 
water-cooled
beam line to
valve (stoppe
the setups th
x=1÷5). The
experimental
experiments 
preferable in
with wide sp

The com
center of the
at the extrac
(the beam lin
carried out 
Т0Q1÷T0Q3
shown in Fig

 

А

 

 
The TM h

which bends
beam lines 1
lines 2 and 4
is traced alo
doublets focu
every beam l

The edge
calculations 
[3]. The calc
TM output ε
and 5, and t

CRIPTION
icularity of the
g magnet (TM
l beam lines, 
saka Universit

from others b
d beam stopp
 prevent dam
er ТxST1) an
hat are prepa
e scheme al
l equipment

in the neig
n respect to the
pread beam lin
mmon part of
e TCMH mag
ction point) to
ne 0). The be

by means
3. The scheme
g. 2 (ABCD ou

ОO'

has the magn
s the ion beam
 and 5) and at

4). When the T
ong the beam
using the ion 
line behind the
e angle at th
of the TM ma

culation result
εout are equal 
to +11.50 for

N OF BEAM
e beam line sy
M) to bend i

similar to th
ty [2]. Every p
by concrete w
ers will be in

mage of the Тx
nd wrong beam
ared to work 
llows beam 
t in paral
ghbor beam 
e cost optimiz
nes. 
f all beam li
gnet (horizont
o the TM ben
eam tracing t
s of the q
e of the TM b
utline). 

О

B

C

D

E

F

etic field indu
m at the angl
t the angles of
TM is switche

m line 3. Two
beam on a ta

e TM. 
he TM input 
agnetic field w
s showed that
to +20.50 for

r the beam li

M LINES
ystem is using
ion beams to
he scheme us
physical setup

walls. After TM
nstalled into e
xGV2 vacuum
m transportati

(stoppers Тx
users to pr

llel with 
lines, also 

ation in comp

ines lies from
tal steering m
nding magnet 
to the TM inp
quadrupole t
bending magn

Beam lin

Beam

Beam line 1

Beam

Beam line 5

E

uction up to 1
les of ±500 (i
f ±250 (in the 
ed off the ion 
o more quadru
arget are plac

is εin=0. Th
were carried o
t the edge ang
r the beam lin
ines 2 and 4.

g one 
o five 
sed at 
p will 
M the 
every 

m gate 
ion to 
xST2, 
repare 
beam 
it is 

paring 

m the 
magnet 

input 
put is 
triplet 
net is 

ne 3

m line 2

m line 4

.36 T 
in the 
beam 
beam 
upole 

ced in 

e 3D 
out in 
gles at 
nes 1 
. The 

radiu
154.

It
param
the e
= 11
doub
7.7 T

T
be up
dama
again
diaph
lines
wate

C
carri
the 
corre
The 
the 
param
verti
horiz

 

us of curvatur
1 cm. 
t is supposed
meters will 
effective lengt
1 cm; distance
blets is Δ = 5
T/m. 
The expected 
p to 3 kW. C
age the beam
nst damage,
hragms (32 p
s. They will c
er cooled ring 

CALC
Calculations o
ied out with th
ion beam p

espond to 3 po
following des
ion beam k
meters, εx,y a
ical emittance
zontal dispers

Figu in be

Figu in be

re of the magn

d that quadru
be used 

th is leff = 35 c
e between the

58 cm; the ma

ion beam pow
Corresponding
m lines. To p

the water 
pieces) will b
combine func
protectors. 

CULATION
of the extracte
he help of CO
parameters g
oints on the c
signations are
kinetic energ
are the RMS 
es, Dx and D
ion function a

ure 3. Transpo eam line 1. 

ure 4. Transpo eam line 2. 

Y 

Y 

netic pole (AC

upoles with t
in the b

cm ; aperture 
e quadrupole 
aximum gradi

wer in the be
ly the powerf
protect the v
cooled curr

e installed al
ction of vacuu

N RESULT
ed ion beam 
SY INFINITY

given in Tab
cyclotron work
e used in the T
gy, αx,βx,αy,β

values of h
Dx

′ are the v
and its derivat

ortation of 48C

ortation of 238

X 

X

C) is equal to

the following
beam lines:
diameter is D
centers in the
ient is Gmax =

eam lines will
ful beams can
vacuum tubes
rent aperture
ong all beam
um seals and

TS 
tracing were

Y code [4] for
ble 1. They
king diagram.
Table 1: W is
βy are Twiss
orizontal and

values of the
tive.  

 

Ca9+ ions 

 

U43+ ions 

X 

o 

g 
:  

D 
e 
= 

l 
n 
s 
e 

m 
d 

e 
r 
y 
. 
s 
s 
d 
e 

Figuure 2. Scheme of TM bendinng magnet. 

Proceedings of RuPAC2014, Obninsk, Kaluga Region, Russia THPSC09

05 High intensity accelerators

ISBN 978-3-95450-170-0

337 C
op

yr
ig

ht
©

20
14

C
C

-B
Y-

3.
0

an
d

by
th

e
re

sp
ec

tiv
e

au
th

or
s



Table 1. Parameters of the extracted heavy ion beams. 
Ion 
type 

B0 
Т 

W 
MeV/u 

αx βx 
cm/rad 

αy βy 
cm/rad

 

εx 
π·cm·rad 

εy 
π·cm·rad 

Dx 
cm 

D′x 

40Ar10+ 0.65 4.0 -17.82 3005.9 -0.018 2214.5 2.871 10-4 1.334 10-4 123.8 0.426 

48Ca9+ 1 5.43 -10.4 1738.0 0.222 1600.1 2.826 10-4 1.27 10-4 170.8 0.6026 
238U42+ 1.3 7.7 -6.646 1200 -0.121 814.5 2.852 10-4 1.284 10-4 196.7 0.6399 

It was also supposed that relative spread of ion 
momentums Δp/p  was equal to ±0.2% and the ion beam 
current was equal to 10 pμA. The values of the vertical 
dispersion function Dy and its derivative Dy

′ were 
considered to be equal to zero. 

In the carried out calculations one took into account 
the influence of the initial ion longitudinal momentum 
spread Δp/p [5]. For that one calculated the behavior of 
the dispersion function Dx along the beam trajectory and 
took into account contribution of the initial ion 
momentum spread to the behavior of the horizontal beam 
dimension. 

Quadrupole gradients in the beam lines were chosen 
so that the beam diameter on the target to be equal to 10 
mm and the dispersion function Dx to be close to zero. In 
the beam lines 4 and 5 the ion beam is deflected in the 
direction opposite to the beam circulation in the 
cyclotron.  

As an example of the calculation results, the 
dependences of the horizontal αx and vertical αy ion beam 
half dimensions versus the beam line length z  for the 
beam lines 1, and 2 are shown in Fig. 3 (48Ca9+) and Fig. 4 
(238U43+), where BM is the commutating magnet TM, Q1÷ 
Q7 are the quadrupoles. 
 

BEAM POSITION CORRECTION 
The system of beam position correction in the beam 

lines will consist of the horizontal and vertical steering 
magnets (TCMH, TCMV) at the cyclotron exit and two 
two-plane dipole steering magnets (TxCM1, TxCM2, 
x=1÷5) with length of 50 cm each, located after the TM. 

 
BEAM DIAGNOSTICS 

The main part of beam diagnostics will be situated in 
12 diagnostics boxes (TxBy, x=1÷5, y=1÷4). The Faraday 
caps will be placed in every diagnostics box together with 
ionization beam profile monitors (IBPM) [6] they will be 
used to measure the ion currents and to determine the ion 
beam transverse position, the beam profile and intensity 
distribution in the beam cross section.  

The slit collimators will be situated in the T0B2. They 
will be used to restrict the beam transverse distribution 
and intensity if it is necessary. 

Stationary installed four sector aperture diaphragms 
will be situated in the beam lines before and after the TM 
and at the end of every beam line (16 pieces). They will 
be used for rough estimation of the beam position in the 
beam lines and for protection of the beam line 
components from damage due to incorrect beam 
adjustment. 

Two pickup electrodes [7] will be placed into the 
beam line 0. The distance between pickups is equal to 2.4 
m. They will be used for measuring the ion beam energy. 

The beam intensity will be decreased in 10 times by 
using the beam chopper system in the DC-280 injection 
line to measure ion currents by the FC. That allows us to 
prevent damage and excessive activation of the FC. In 
routine operation the ion beam current can be controlled 
by vacuum calibrated IBPM. 

 
VACUUM SYSTEM 

The beam line will be pumped by turbo pumps with the 
pumping speed of 150 l/s installed at the diagnostic boxes 
and two turbo pumps with the pumping speed of 500 l/s 
installed at the TM vacuum chamber. The estimated 
average pressure in the beam lines is about 1·10-6 Torr, 
the vacuum beam losses will be not more than 5 %. 

 
CONCLUSION 

The project of beam lines for efficient transportation of 
heavy ion beams extracted from the DC-280 cyclotron to 
five experimental setups was designed. 
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