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Abstract
RAON has been designed as a facility for a rare iso-

tope accelerator at RISP. The accelerator for in-flight sys-

tem accelerates uranium and proton beams to 200 MeV/u

and 600 MeV, respectively, with beam power of 400 kW.

Front-end system consists of two 28 GHz ECR-IS with

10 keV/u, LEBT with two 90 degree bends and multi-

harmonic buncher with three different rf frequencies, RFQ

with 81.25 MHz and 500 keV/u, and MEBT with two re-

bunchers. The driver linac system design has been per-

formed to optimize the beam and accelerator parameters

to meet the required design goals. HEBT delivers the ion

beams from Linac to in-flight target. For these designs,

we have performed start-to-end simulations with the beams

from LEBT to HEBT by using 1 M macroparticles. We

present the design performance and results of the beam

dynamics. Our simulation results shows that transmission

rates of Uranium and proton beams are 81 % and 87 %,

respectively, from LEBT to HEBT. The condition of beam

losses below 1 W/m is achieved by the designed facility.

INTRODUCTION
RISP (Rare Isotope Science Project) is designed to accel-

erate the ions from proton to uranium for 400 kW in-flight

system. The accelerator also includes a post-accelerator to

provide user facilities with rare isotope beams by ISOL sys-

tem. Fig. 1 shows layout for the entire accelerator systems.

Figure 1: Layout for RAON accelerator.

LEBT
The LEBT with achromatic optics consists of two 90 de-

gree bends, pair-solenoids for beam matching with ECR-

IS and RFQ, multi-harmonic buncher, velocity equalizer,

steering magnets, collimation systems, chopper and diag-

nostics. Fig.2 shows the layout of the LEBT for driver
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Figure 2: Layout of the front-end system for the drive linac.

linac. Fig. 3 shows the designed optics and beam en-

velopes for the LEBT by TRANSPORT code. The dc beam

from the ECR-IS is bunched before injection into the RFQ.

Multi-harmonic buncher (MHB) with three different rf fre-

quencies is applied to get a short bunch length with high

bunching efficiency. To perform the beam simulations,

IMPACT-Z code is utilized for 6-dimension tracking that

includes the effect of space-charge force[1]. A normal-

ized rms emittance of 0.08 π mm-mrad and intrinsic en-

ergy spread of 0.05% are considered as initial beams. 1

M macro-particles are initially generated in 4-dimensional

water-bag transverse distributions with uniform longitudi-

nal distributions in phase spaces and are tracked in the sim-

ulations[2].

Fig. 4 shows the (top) initial horizontal, vertical and

longitudinal beam distributions for two-charge state beam

of 238U33+(blue) and 238U34+(red) with 400 eμA and 10

keV/u. Fig. 4 also shows the beam distributions (middle) at

the entrance of RFQ and the beam envelop (bottom) in the

designed LEBT. Two-charge state beam due to the MHB

with the fundamental frequency of 40.625 MHz is bunched

as well as longitudinally separated from each other due to

velocity difference. Velocity equalizer (VE) is used to pro-

vide each of two-charge state beams with the same velocity

at the entrance of RFQ. A distance between MHB and VE

is given by 1.18 m, which corresponds to the two-charge

state beam of 238U33+ and 238U34+.

The cores of the two-charge state beams well overlap and

tail particles increases the beam emittance. The simulation

shows that the designed LEBT under the effect of space-

charge force provides good beam matching and bunching

for the two-charge state beam. It is shown that the space-

charge effect for the uranium beam of the 400 eμA is small

in the LEBT. The LEBT shows the beam transmission of

99.8 % and emittance growth of 9.8 %.
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Figure 3: Designed optics and envelopes for LEBT.

Figure 4: (top) Initial beam distributions, (middle) beam

distributions at the entrance of RFQ and (botom) beam en-

velopes in the LEBT.

RFQ
The RFQ is designed to accelerate the beam with two-

charge states (238U33+ and 238U34+) beams from 10 keV/u

to 500 keV/u. PARMTEQ is used to get the RFQ design

parameters. Charge state of 33.5 in PARMTEQ is used for

two-charge state beam of the Uranium.

The vane voltage is designed to change from 70 kV to

124 kV in the RFQ. Number of radial matching cell is 5 and

accelerating efficiency is fixed to be 0.58. The synchronous

phase becomes to -30 degrees at the end of gentle buncher

from -90 degrees at the entrance of the RFQ. The modu-

lation factor increases from 1 to about 2. The total length

of RFQ is 5.3 m and number of cell is 247. The maximum

peak surface electric field E is 17 MV/m that corresponds

to 1.67Ek, where Ek is the Kilpatrcik criterion.

Figure 5: Beam envelopes, phase deviation and kinetic en-

ergy deviation along RFQ. Left and right denote the results

for 33+ and 34+ charge in Uranium beam, respectively.

Fig. 5 shows the transverse envelopes, phase deviation

and kinetic energy deviation as a function of cell number

Figure 6: Beam distributions at the exit of RFQ.

for the single charge state of +33 (left) and +34 (right) in

Uranium beam. When the beam from the LEBT is tracked

by the RFQ, the beam transmission rate is 97.5% and nor-

malized rms transverse emittances of output beam are εx
= 0.11 π mm-mrad and εy = 0.13 π mm-mrad, and longi-

tudinal emittance is 1.8 MeV-deg. Fig. 6 shows the beam

distributions in phase space at the exit of RFQ.

Figure 7: (top) Beam envelopes and (bottom) beam distri-

butions at the exit of MEBT.

MEBT
The Medium Energy Beam Transport (MEBT) system

requires to match the optical parameters with linac in trans-

verse plane and also remove the unaccelerated ion beams

from the RFQ linac. The optics design of the MEBT sys-

tem is performed by using TRACE3D code and particle

tracking is performed by using TRACK code[3]. Five room

temperature quadrupole magnets are used to minimize the

transverse emittance growth of two-charge state beams.

Two rebunchers are used to provide flexible longitudinal

matching from the exit of the RFQ to the entrance of the su-

perconducting linac. The quadrupole magnets have a field

of less than 0.5 T at the pole-tip. Rf frequency of rebuncher

has 81.25 MHz and βopt = 0.025. When the beam from the

LEBT is tracked to the MEBT, the beam transmission rate

is 100% and emittance growth is negligible. Fig.7 shows

the (top) beam envelopes in MEBT and (bottom) beam dis-

tributions at the exit of MEBT.

SUPERCONDUCTING LINAC
The linac section consists of Linac-1, charge stripper

section and Linac-2. Linac-1 consists of QWR and HWR

cavities, where 1 cryomodule for QWR includes 1 cav-

ity and 1 cryomodule for HWR includes 3 or 6 cavities.

Proceedings of IPAC2013, Shanghai, China TUPWO038

05 Beam Dynamics and Electromagnetic Fields

D01 Beam Optics - Lattices, Correction Schemes, Transport

ISBN 978-3-95450-122-9

1959 C
op

yr
ig

ht
c ○

20
13

by
JA

C
oW

—
cc

C
re

at
iv

e
C

om
m

on
sA

tt
ri

bu
tio

n
3.

0
(C

C
-B

Y-
3.

0)



Figure 8: Beam distributions at the exit of LIANC.

Linac-2 consists of SSR1 and SSR2, where 1 cryomodule

for SSR1 includes 4 cavities and 1 cryomodule for SSR2

includes 8 cavities[4].

Beam dynamic simulations are performed by Linac-1,

charge stripping section and Linac-2 by utilizing the Ura-

nium beam from the LEBT. The charge-stripping section

includes charge strippers, 90 degree bending section and

matching section with Linac-2. It also includes 3 re-

bunchers that lead to acceptable longitudinal emittance

growth. Fig. 8 shows the beam distributions in phase spaces

at the exit of linac by TRACK code. Beam energy in Linac-

1 and final energy of Uranium beam is 18.6 MeV/u and 200

MeV/u, respectively. Beam transmission rate in the whole

linac is 83 %. Normalized rms transverse emittances of

output beam are εx = 0.195 π mm-mrad and εy = 0.196

π mm-mrad, and longitudinal emittance is 39 MeV-degree

when solid carbon stripper is included. Fig.9 shows the

rms transverse (top) and longitudinal (bottom) emittances

in the linac. Fig.10 shows the rms beam envelope (top) and

rms bunch length (bottom) in the linac when the beam from

LEBT is used.

Start-to-end simulations for proton beam is also per-

formed. Fig.11 shows the beam distributions at the exit

of linac when proton beam from the LEBT is used. Ini-

tial beam emittances at LEBT are εx = 0.15 π mm-mrad

and εy = 0.15 π mm-mrad. Final energy of proton beam is

620 MeV and beam transmission rate from LEBT to linac

is 87.8 %. Normalized rms transverse emittances of output

beam are εx = 0.24 π mm-mrad and εy = 0.26 π mm-mrad,

and longitudinal emittance is 0.032 MeV-degree.

Figure 9: Rms transverse (top) and longitudinal emittances

(bottom) in the linac when the beam from LEBT is used.

HEBT
The HEBT (high-energy beam transport) line with 29 m

long delivers Uranium beams from Linac-2 to fragmenta-

Figure 10: Rms beam envelope and rms bunch length in the

linac when the beam from LEBT is used.

Figure 11: Beam distributions at the exit of linac when the

proton beam from LEBT is used.

tion target. The system is designed to achieve efficient de-

livery of multi-charge states beam with a small beam size

of around 1 mm rms and full pulse length of 1 ns on tar-

get. Achromatic bending sections with sextupoles are used

to compensate high chromatic aberrations in the HEBT.

Fig. 12 shows the beam distributions in phase space at the

exit of HEBT.

Figure 12: Beam distributions at the exit of the HEBT.

SUMMARY
Start-to-end beam simulations at RAON are performed

to optimize from the LEBT to HEBT. It shows that the

performance results exist within scope of the requirements

by RAON. The simulation results also show satisfactory

control of beam losses in the Front-End and linac system.

In addition to start-to-end simulations for the driver linac,

start-to-end beam simulations for both re-accelerator and

Linac-2 have being also performed.
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