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Abstract fects.[2] After the improvement of the Mixing Magnet, the cur-
Permanent magnet symmetric (PMS) lens is considered as rt%net is now 8 mA roughly ten times h_|gher than before3]. The
' : . urrent measured after the Alvarez linac was only 0.7 mA due
final focusing element for the RFQ linac at ICR. The PM . :
) . e . 0,beam mismatch at the entrance of the RFQ. An extra focusing
lens, which produces strong axial magnetic field like a solenoid ™" . . . T o
gyiceis thus needed to achieve a higher transmission efficiency.

lens, is composed of radially magnetized permanent mag X _ »
rings. Because of the low injection energy (50 keV) and a rela-For the simultaneous acceleration of both positive and nega-

tively high beam current intended (20 mA), space-charge effeH}€ 10nS planned in the future, focusing elements with axially
should be taken intaccount. The beam tracking code pARMSYMmMetric fields are suitable for LEBT. Since the_ b_eam sh_ould
SYL is developed for the purpose, which first reads an outgdft Songly focused and has a large taper angle, it is effective to
file (TAPE35) from PANDIRA for the PMS field and then nu-Put @ focusing device near the entrance of the RFQ. This, how-
merically integrates the equation of motion including the spaceXel: causes the space limitation for the lens.

charge force The matching section to the RFQ is designed usin§ne candidate for such a focusing device is PMS lens, since
this code and TRACE-3D. the use of a strong permanent magnet material allows us to re-

duce its size and, further, the PMS field is axially symmetric.
The evaluation of the performance of the PMS lens is made in
l. INTRODUCTION the following sections.

At Institute for Chemical Research (ICR), Kyoto University,
the proton linac consisting of a 2 MeV RFQ linac and a 7 MeV
Alvarez linac has been operated since 1992[1]. Various mechan-
ical improvements are in progress to increase the beam current
up to 20 mA. In this paper, the design of a new focusing element
for matching the beam to the RFQ acceptance is reported.

Figure 1 illustrates the layout of the low energy beam trans-
port (LEBT) of the ICR proton linac. Itis composed of an einzel
lens, a triplet of electrostatic quadrupoles (ESQ), two doublets
of ESQ, a bending magnet (called Mixing Magnet) having the
deflection angle of 45 and a solenoid lens. The estimated beam
emittance in LEBT is about 108 mm-mrad (unnormalized),
which is used in the calculations in this paper.

In preliminary experiments, it was found that the trans-
portable beam current was strongly limited byase-charge ef- II. PERMANENT MAGNET SYMMETRIC LENS

A radially magnetized permanent magnet ring (see Figure 2)
with anisotropic material such as Nd-Fe-B generates axial mag-
netic field and works like a solenoid lens[4][5]. The magnetic
field of one ring indicated either by 'Ring 1' or 'Ring 2' is shown

Figure. 2. Radially magnetized permanent magnet ring.

Permanent Magnet Symmetric Lens

(not installed)
Electrostatic Quadrupoles in Figure 3, where Ring 1 and Ring 2 are oppositely magne-
(Triplet) . . . . .
Electrostatic tized. Putting these two rings side by side, the superposed mag-
) (Double netic field in the axial direction becomes like the thick solid line.
Solenoid Faraday Cup 3 . . . . .
Lens Profile Monitar Since the focusing strength of a solenoid lens is proportional to
\ﬁ the integration of the square of the magnetic field strength along
[ v the axis, this axial superposition is quite effective.
RF
Q 8“ gh ® mf:’{,,co‘;ﬂj, As the permanent magnet material, the anisotropic permanent
magnet NEOMAX-40 (nominal remanent field. = 1.29 T)
Faraday Cup 4 «_ —> Mixing Magnet produced by Sumitomo Special Metal Co.LTD. was adopted.
Profile Monitor Because of the low beam energy (50 keV) and the low duty

_ factor (1 % maximum), the radiation damage is expected to be
Figure. 1. Layout of the LEBT negligible and no special cooling device will be attached.
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Il. PARMSYL S ———
The magnetic field of a PMS lens is calculated wit 57 g
PANDIRA[7]. To estimate the focusing strength and aberr Brff Bz(r=faa)’ 2(r=0)

tion of the lens, we developed the tracking code PARMSYL

(PARticle Motion in SYmmetric Lens). The code interpolatesFigure. 5. Output from PARMSYL at the current of 20 mA.

the magnetic field data from PANDIRA stored in the output

file (TAPE35) and then integrates the equation of motion of a

charged particle. In the integration process, space-charge is @¥g-rounded to reduce the aberration which distorts the beam el-

sidered assuming a uniform beam density. lipse. The typical output from PARMSYL is given in Figure 5.
The code tracks particles on beam boundary in phasees The axial fieldB, and radial fieldB,. /r as well as particle orbits

and outputs the focal length and aberration factor of the cgi€ Shown. _ _

sidered lens. The aberration factor is defined as the ratiol "€ Twiss parameters( ) appropriate for matching were

of the focusing strength felt by the particle close to the lef@und to be (-1.49, 1.44), (0.00, 1.44) and (1.28, 2.10) at the
axis to that felt by the outermost particle (i.ef BZ(r = PMS entrance when the beam currents were 0 mA, 10 mA and

Omm)dz/ [ B2(r = rmaz)dz). 20 mA, respectively (see Figure 6). In the figure, the distorted
‘ beam ellipses are shown together with the RieQeptance (dot-
IV. BEAM MATCHING _ted line). More than 90 % overlap of the two ellipses is achieved
in each case.

A. Acceptance of the RFQ
) C. Matching to the PMS section
The RFQ acceptance was evaluated with the computer code

PARMTEQI8]. From the simulation, it was found that the trans- 1 RACE-3D[6] is employed to adjust the Twiss parameters at
mission of the RFQ was over 90 % with the input beam emiine entrance of the PMS section by using the str_ength ofthe ESQ
tance of 160r-mm-mrad (unnormalized) in the intensity regiorploublets (see Figure 1) as free parameters. Figure 7 shows the
of 0 ~ 20 mA. Although the value depends on beam curredfi@iched beam envelope at the current of 20 mA.

160 =-mm-mrad is used, in the following calculations, as the

RFQ acceptance. V. SUMMARY
The PMS lens was designed with PARMSYL as the final fo-
B. Design of a PMS lens cusing device to the RFQ. Although the beam ellipse is some-

. ' . .what distorted due to the aberration of the lens, the overlap of
Atpresent, the best PMS design for the final focusing dev"r:r?ore than 90 % is achievable between the input beam and the

is the three-ring PMS lens shown in Figure 4. The beam co
from left side in the figure. It has two small rings installed in t::g Q acceptance at the beam current up to 20 mA.

endplate of the RFQ and a large ringpéd outside of the end-
plate. The inner surfaces of the magnets are tapered following
the shrinkage of the beam envelope. The edges of the magnets



150 0=-1.49, p-1.44 m, I=0mA 500 o

Horizonta!
a) ™
1y ]
100 [ l- ‘-
[ '/ —e—PMS Entrance
! —e—PMS Exit
50 ! ~ — -RFQ acceptance
:§ Vortical Length = 2966.6) mm
E o e
[
< i Figure. 7. The matched beam envelope between the einzel lens
50 | and the PMS section at the current of 20 mA (calculated with
f‘ TRACE-3D)
]
o Ve
N References
R 10 s 0 P o 1s [1] M.Inoue etal., "Commissioning of the 7 MeV proton linac
X [mm] at ICR Kyoto University”, Bull. Inst. Chem. Res., Kyoto
a=0.0, B=1.44 m, I=10 mA Univ. 71, No.1 pp.57-61 (1993)
b) 1% .‘ ! T [2] A. Noda et al., "Characteristics of the ion source and low
:\ —e—l;MS Em:mc energy beam transport of the proton linac at ICR”, Bull.
100 | ey —o—gl;:ds Exit ] Inst. Chem. Res., Kyoto Univ. 71, No.1 pp.6—-14 (1993)
\ ~ = -RFQ acceptance [3] M. Kando et al., "Improvement of the low energy beam
s0 ' transport system at the ICR proton linac”, Proc. of the 17th
j Linear Accel. Conf., Tgkuba, pp.122-124 (1994)
[4] Y. lwashita, "Axial magnetic field produced by radially
s ) W S o . . .
E O N ] magnetized permanent magnet ring”, Proc. of the 17th Lin-
5< ear Accel. Conf., Tiskuba, pp.369-371 (1994)
-50 [5] Y. lwashita, "Axial magnetic field lens with permanent
\ magnet”, Proc. of the 1993 Particlecéel. Conf., Wash-
100 A ingtonD.C., U.S.A,, pp.3154-3156 (1993)
\ ' [6] K.R.Crandall and D. P. Rusthoi, "TRACE-3D Documen-
! tation”, LA-UR-90-4146, LANL (1990)
B PE— y ) . ” s [71 "User's Guide for the POISSON/SUPERFISH group of
X [mm] codes”, LA-UR-87-115, LANL (1987)
01,278, B=2.104 m, =20 mA [8] K. R. Crandall, R. H. Stokes and T. P. Wangler, "RF
150 e aluds T Quadrupole beam dynamics design studies”, Proc. of the
C) I H ; .
Y 1979 Linear Acel. Conf., 2051979)
100 b —O—PMS Entrance
Lae —o—PMS Exit
“ \ = = -RFQ acceptance
S0 ln
§ ol |
E of P
5 ©
50 L
1
/ .
- 7
A
‘o
‘\I
-150 2
15 10 5 0 5 10 15
X [mm]

Figure. 6. Phase space plots from PARMSYL.



