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A well-known energetic giant cluster ions interaction with a target material called
cluster effects have attracted intention for high energy application such as mutation or
material science. So far, giant cluster ion acceleration is performed by electrostatic
accelerator which has a limitation in maximum energy. Meanwhile RF acceleration has
a bandwidth limitation due to a large mass number to charge state ratio (A/Q). A
racetrack-shape fixed field induction accelerator (RAFFIA) is a unique solution for high
energy giant cluster ions acceleration. The RAFFIA employs the induction acceleration
system to accelerate C-60 (A=720, Z=10) from 10 MeV to 144 MeV.
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Figure 1: Layout of the RAFFIA

As shown in Fig. 1, the RAFFIA ring with two straight sections consists of four
bending magnets, ramping quadrupole doublets, steering magnets, electrostatic
injection kicker, and induction cells. Racetrack orbits are set up by four bending
magnets. Slant angle between the orbit and front surface of the bending magnet induce
extremely large edge defocusing in the vertical direction. Thus, the gradient field in the
main pole region and the reverse field in the front of the bending magnet is applied to
give a net focusing in the both vertical and horizontal directions.

In order to investigate the orbit stability, a particle tracking code based on the
Runge-Kutta method has been developed to simulate particle orbits through the
acceleration cycle. A linear orbit theory has been established to figure out the essential
features of the RAFFIA such as the lattice function, momentum dispersion function,
closed orbit distortion (COD), and compaction factor. In some sense, they are similar



to that in a synchrotron. However, they vary with acceleration, because the orbit
gradually changes like that in a cyclotron. Non-uniformity of the magnetic field along
the longitudinal direction of the bending magnet generates the intrinsic COD. Ramped
steering magnets are required for orbit stability as well as ramped quadrupole doublets.
The beam stability is confirmed through an entire acceleration cycle by macroparticle
tracking simulations. Longitudinal motion with a time varying transition energy, which
is one of characteristic features in the RAFFIA, has been studied with a help of computer
simulations.

The space charge effects on beam-core evolution and the beam current threshold
have been discussed. The beam-core evolution equation approach which has a merit of
an extremely quick evaluation time, is justified by the macroparticle tracking simulation.
The beam-core evolution equation can work as a powerful tool to know what happens
in high-intensity beam operation and to estimate the space-charge limited current for
any accelerator ring. Poincaré mapping in the beam core phase space (o, do/ds) can
clearly manifest how the beam core evolves, depending on a parameter of beam current.
Below the beam current threshold, the Poincaré map is stable around the matched beam-
core phase point called an elliptic point in the nonlinear dynamics terminology. Beyond
the threshold, the elliptic point disappears and perio-doubling bifurcation takes place;
the beam-core size actually achieves a large value. This beam-core instability can be
rigorously analysed by using the linearized beam-core evolution equation and matrix
theory (tangent map). A scaling law is evaluated to know the stability threshold for a
cluster ion with various A/Q or injection energy or emittance. A C23* beam with 10
MeV injection energy and 1x10° m.rad beam emittance in the RAFFIA has the beam
current threshold around 225 pA.

A unique feature of the RAFFIA bending magnet is an inverse field strip in the front
side. It has been justified by using a prototype bending magnet where the main bending
field and this reverse field can be excited by a single pair of two coils. Magnetic
attraction force gives a significant reduction of the gap size, which is caused by a long
nose property in the pole face. The gap reduction must be considered at the stage of
designing. Insertion of pole gap supports into the gap may be another countermeasure.
Shaping of the pole gap must be carried out carefully by using a high precision machine,
because the mechanical profile of the pole gap along the longitudinal direction
significantly affects on the magnetic field profile. Comparison between the Tosca
calculation based on the actually measured gap profile and the field measurement result
is quite important. Some discrepancy may be attributed to unknown properties of the
magnet material.



Results of the doctoral thesis screening

B XEERFR

Name in Full

K 4 Taufik

éﬁ‘ﬁlﬁ(;@lﬁc Beam Dynamics for a Racetrack-Shape Fixed Field Induction Accelerator

for Giant Cluster Ions and Its Key Devices

BErS 0o x X —0" 1MeVuE B 57 TAZ—A4F 0T, MEtOREWIED K
B MAEDSIEMORREROREEL Vo RICEHATH S, C-60I1C LD HPH=RLF
—fEIK DY TAE — A F U EEYVHT OO MESR & L TIREZEINL TS D0 RAFFIA
THY ., KX TlL RAFFIA EBLZ W\ T 72 NG & R&D #4T7-> T\ 5, IEEREE
THEHE=ZREE—ALA T v F o TI2LDvIalb—va Mz, TR E—2HKFERD
ERLBIT o TEORIERELZEHD TV D,

B LONFIZ, KEL ZDOOFETHY Lo TWND, OEDEFFHEMEHFXETY A
hWizAAr~A427n v Thsd, RAFFIA O#LER L OMNMEFEFFOMNY TH D, L0 b
JFF*F—T A RE72D 90 ERMEMAITT=— 7 RBHEEEZFED ., TR FIEICK
HE—ALYF A XTFRICMZ THEHRICLIE—L v Ialb—va & TV, BRERE—
DNFHAF OSSR L CTW5, RAFFIA IZINEICIE U CHEHLEN A LAEL D
REFTH H7-® . momentum compaction factor NI IZEWEALT D, i T Y
YarvEZRAX—NET DI EEEKRT SN, Taufik KITEM GRS RAFFIA (2
BibL7ey R alb—va &7, E—20MFMOEI HENANFEMETF L7 v b
nyERETHDLEER LI, EEATRICOVTE, E—ABXDMDTHLRNT T
A ADHERIZHI LTS, ZHoHIFT, EREMMDREZIY AT B — ARZEME DA
Thb, H_AREL7DH Poisson FEANOEMEMAT > v /b, EREMNIZEHL,
Coupled Nonlinear Beam-Core Evolution Approach (CNBCEA) & W9 FiEEERL €.
VIalb—va IR AE—LERO ERERRLTWDS, EMEMNDOLL D E—LEIR
HIBRIZ N 45 O BRER A PERE IR A 5 % 5725, CNBCEA [k 0B oiviz ERREN N7 A
77—~ bV 7 Z2OBEAHERNNSEPN DT R C— N ZEMEFMELE BT 52 L &R
FThRE, REBIREVWVHNEL RS T VS, Z 2RI 6 ONMEEHFITIZ . 90 {7
WA DT v b2 AT BEL . HIERORERRE LA E O W E . 85 oA o HlE
72 L. RAFFIA ZH A2 R HET 22D ICHBEREH T —F OWNE LFTMEIT> T D, FE
D 1/8 A X THEMRBBIEIROT A 2170, v v 7V A X LEIBEREORSIC K
HIIREAC 2B ICHE L, TOXEE TIT->7=, RAFFIA @ 90 FE{RF A E M A 1T &
e O G2 ESELMO Ca=—s RIBETHLID, BEMLEMEGEZREIED
TENRHEKD T EEEFEL T,

EROXIIC, AXHLIIWMO THEREETHY, Frlc~v A7 v barofsEikit, &M
BRMAROERAICBNT, BN LROLND, fwLHFEAESORKE TIL, Taufik K
WXV IRFERIC O 2 RENER ol s, BRIk L Thmbl iR E 2 \Wis 72107



b0 EEBEZD, MHEINTEHmIXDOH> B, RAFFIA O ARG 2 £ & 7= Je5m ST BE I
i ik (PhysRevAccelBeams) IZH# S v, M EM I RICEI L2 —2a3T7 DOV I alb—v
a v Pk L MATR RN F1E IOV T . Physics Letters A IZfg#i Ak - T 5b, Ko T
FEADIL, KX DBFMNERETHICESDLVWEDO LML, FEBESE B THKK L
L7,



	甲
	
	Results of the doctoral thesis screening

	
	Results of the doctoral thesis screening

	
	Results of the doctoral thesis screening

	
	Results of the doctoral thesis screening

	
	Results of the doctoral thesis screening

	
	Results of the doctoral thesis screening





