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Abstract

The accelerator for RISP, which is the superconducting

technology based heavy ion linear accelerator construction

project, is composed mainly of the driver linac for stable

ion beam from an ECR ion source and post linac for unsta-

ble ion from an ISOL system. The post accelerator can ac-

celerate the unstable ion beams up to 16.5 MeV/u for 132Sn

and 16.0 MeV/u for 58Ni, which has the ratio of mass to

charge, A/q, of 8.3. The unstable ion beam such as 132Sn

from an ISOL system has the large initial transverse and

longitudinal emittances. Hence acceptance and envelope

of the post accelerator should be optimized for stable op-

eration. The beam was transported by the post-to-driver

transport (P2DT) line which consists of a charge stripper,

two charge selection sections and a telescope section with

the bunching cavities. In this presentation, we will show

the criteria for the design of the post accelerator and result

of beam tracking simulation from the low energy transport

line to the end of post linac. The initial coordinates of the

particles were acquired by the tracking simulation from the

low energy beam transport (LEBT) line to the medium en-

ergy beam transport (MEBT) line.

INTRODUCTION

The superconducting technology based heavy ion linear

accelerator named as a RAON (Rare isotope Accelerator Of

Newness) was launched to examine the numerous facets of

basic science, such as nuclear physics, astrophysics, atomic

physics, life science, medicine and material science [1].

The post accelerator of RAON, which consists of a ISOL

based ion source to produce the unstable ion beams, ECR

ion source to produce the stable ion beam, a low energy

transport line, a RFQ accelerator, a medium energy beam

transport line, and a low energy linac, produce an energy

of 16.5 MeV/u for 132Sn ion beams and 16.0 MeV/u for
58Ni ion beams with a high repetition rate of 81.25 MHz.

The schematic layout of the post linac, post-to-driver trans-

port (P2DT) beam line and the high energy driver linac are

shown in Fig. 1.

Main purpose of the post linac is to produce the high

energy RI beams produced by the Isotope Separator On-

Line (ISOL) system to investigate not only the structures

of unstable nuclei themselves but also the exotic nuclear

reactions induced by the unstable nuclei through the ex-
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Figure 1: The schematic layout of the post linac.

periments using the RI beams [2, 3]. The optics design of

post linac, however, is significant for the stable operation

because the transverse emittance of the unstable ion beams

produced by the ISOL system has the large emittance, ∼0.3

mm-mrad (rms). In order to design the stable optics for the

post linac, the beam dynamics study was performed.

BEAM DYNAMICS FOR POST LINAC

There are many instabilities which can cause the parti-

cle loss in the long linac such as the envelope instability,

parametric resonance and the space charge effect. When

the zero current phase advances, σ0, is smaller than 90◦,

the beam is always stable. Then this condition is indeed

used as a design criterion for high current machines. A low

phase advance per period, and consequently a smooth fo-

cusing, has some costs in terms of beam dimensions, but

guarantees the stability of envelope oscillations [4].

Figure 2: The zero current phase advance (top) and ration

of the phase advance (bottom) in the post linac.
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Figure 2 shows that the ratio between the zero cur-

rent transverse and longitudinal phase advance, φz/φx and

φz/φy , was also almost kept between 1.0 and 1.5 except

the matching section to vanish the effect of the parametric

resonance. In order to increase the longitudinal acceptance

of the post linac, the zero current phase advance on lon-

gitudinal direction was higher than the zero current phase

advance on the transverse direction. The physical dimen-

sion of the post linac is identical to a low energy linac of

the driver linac [5]. Since the longitudinal acceptance in

the low energy linac mainly depends on the distance be-

tween cavities in the QWR section, the length of the sec-

tion was optimized to increase the longitudinal acceptance

in the low energy linac by reducing the physical length of

the quadrupole magnets and spaces for warm and cold sec-

tion [6].

Lattice Design for 132Sn Ion Beam
The phase of the RF field in the cavity was also -65 ◦ at

the first cavity and it was increased up to -45 ◦ at the end

of QWR section to widen the acceptance of the linac. The

field gradient of the cavity was matched to smoothly vary

the phase advance so long as the beam was accelerated.

Figure 3: The strength of the quadrupole magnets(top), RF

phase of the cavities (middle) and the peak electric field on

the cavity surface (bottom) in the post linac.

The longitudinal acceptance in the design linac is 22

keV/u-ns that is shown in Fig. 4.

Figure 5 shows the beam envelope, and rms transverse

and longitudinal emittances along the post linac. It was cal-

culated by the multi-particle tracking simulation using code

TRACK, which can compute multi-particle simulation of

multiple component ion beams in 6D phase space [7].

Since the rms transverse emittance of the 132Sn provided

from the ISOL system is about 0.3 mm-mrad, the rms enve-

lope in the linac is larger than 4 mm even through the beam

size was minimized. Then the study for compensation of

the orbit jitter due to the misalignment and strength error

of the elements is important to avoid the beam loss because

the physical aperture is 20 mm, which is about five times

Figure 4: The longitudinal acceptance and the particle dis-

tribution of the designed post linac for 132Sn ion beam.

Figure 5: The envelope of the beam size(top), transverse

emittance (middle) and longitudinal emittance (bottom) in

the post linac.

the rms beam size. The growths of the transverse and lon-

gitudinal emittance are ignorable. The particle distribution

on the 6D phase space at the end of the post linac is shown

in Fig 6.

Figure 6: The particle distributions of 132Sn on 6D phase

space at the end of the post linac.

5th International Particle Accelerator Conference IPAC2014, Dresden, Germany JACoW Publishing
ISBN: 978-3-95450-132-8 doi:10.18429/JACoW-IPAC2014-THPME149

THPME149
3606

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

14
).

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.

04 Hadron Accelerators
A17 High Intensity Accelerators



Lattice Design for Ni Ion Beam58

The low energy beam transport line has the multi-

harmonic buncher used for the 58Ni because the 58Ni ion

beam is produced by the ECR ion source and then the in-

tensity is higher than the beams from ISOL system. Then

the longitudinal emittance of the 58Ni ion beam at the en-

trance of the post linac is smaller than 132Sn ion beam. The

phase of the RF field in the cavity was also -66 ◦ at the first

cavity and it was increased up to -30 ◦ at the end of QWR

section. The RF phase was more rapidly increased than the

case of 132Sn ion beam to increase the efficiency of the ac-

celeration. The longitudinal acceptance in the design linac

is 22 keV/u-ns that is shown in Fig. 7.

Figure 7: The longitudinal acceptance and the particle dis-

tribution of the designed post linac for 58Ni ion beam.

Figure 8 shows the beam envelope and rms transverse

and longitudinal emittances along the post linac. It was

calculated by the multi-particle tracking simulation using

code TRACK. The initial coordinates of the particles were

acquired by the tracking simulation from the exit of the

ECR ion source to the medium energy beam transport line.

The transverse emittance at the exit of the ECR ion source

is 0.2 mm-mrad and the injection energy of the ion beam is

400 keV/u.

Figure 8: The envelope of the beam size(top), transverse

emittance (middle) and longitudinal emittance (bottom) in

the post linac.

The growths of the transverse and longitudinal emittance

are ignorable. The particle distribution on the 6D phase

space at the end of the post linac is shown in Fig. 9.

Figure 9: The particle distributions of 58Ni on 6D phase

space at the end of the post linac.

CONCLUSION

The beam dynamics study for designing the post linac

of RAON, which is used to provide the high energy unsta-

ble ion beams produced by the ISOL system and in-flight

system, was performed and lattices of the linac for 58Ni

ion beam and 132Sn ion beam were designed. The phase

advance in the designed linac was kept to avoid the en-

velope instability and the space charge effect. The ratio

of phase advance between the transverse and longitudinal

was controlled between 1 and 1.5 to avoid the parametric

resonance. To widen the longitudinal acceptance of the de-

signed linac, the phase advance on longitudinal direction

was larger than the transverse phase advance and the RF

phase of the cavity was set to be about -60 ◦. Based on the

multi-particle tracking simulation, the performances of the

designed linac were confirmed.
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