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To increase the reliabilitysimplify the tuning, andoost We vertically focusthe beam with REPM wiggler-like
the efficiency ofour 70 MeV mobile Race-Track Microtron lenses installed on thesturn paths instead by end magnet
design we use a narrong@ctangular asymmetric accelerating field gradient.  These lenses negligibly influence the
structure, rare-earth permanent end magnets, wiggler-likeorizontal motion, no synchronous phase ddits induced,
vertical focusing lenses othe return paths, andkeam and the phase stability region is easily maximized.
buncher preceding the linac. We present hbeam
dynamics simulation results and construction detalils. Table |

RTM parameters.

. INTRODUCTION

Our original 70MeV mobileRace Track Microtron  Injection energy 55 keV
design [1] was based on proven principles but included nefgnergy gain per turn 5.26 MeV
features which decreas¢tde RTM weightand size while =~ Number of turns 14
increasing itefficiency: Beam reflection ithe end magnet Output energy 10 - 74 MeV
fringe field on the first orbit tdypassthe linacfollowed by ~ Output current at 70 MeV 45 mA
acceleration in theeverse direction; End magnetsiith ~ Increase in orbit circumference per turn 1A
main andreverse field coils optimized to reduce size andoperating frequency 2,450 MHz
weight; Tuning of thereverse field amplitudand position; ~ Klystron power pulsed/average 5 MW/5 (15) kW
Vertical focusing bythe end magnet fringfields and End magnet field induction 09T
internalfield gradients; Horizontal focusing by an on-linac- RTM dimensions 2x0.6x0.6m

axis quadrupole singlegnd A linacoptimized for efficient

low-energy beam captureand high-energy beam

acceleration. We have placed a beam bunchertia¢ accelerating
Our design, asvell as those of most pulsed RTMs, hadstructure entrance to increases theam capture and

inherentproblems: Precisely retro-reflectite beam on decrease¢he beam losses.The principleRTM parameters

the linac axiscombined with accurate fringe field focusing; are given in Table &nd theRTM block-diagram is shown in

Increasing parasitic losses when the dispersiected beam Fig. 1.

enters linac;  Achieving stable phase oscillations by

adjusting both end magnet positions; Synchronous phase

drift decreasing the phase stability regamd increasing the RF Eq B
number of orbits, owing to the end magnet field gradient; REP"{' a1 .f- '-2
Decreasing the RTM  efficiencyand increasing the 4&% | | | | | 0@
environmental radiation by beatosses (10-20 %with a s /.lf |
specially optimizedinac depending on the injectdzeam M AS et ME2 Me3
transverse emittance). ME1

To solve these problems watroduce a narrow =

asymmetric rectangular accelerating structure [2] which,
together with short-tail fringe field®Rare Earth Permanent
Magnet end magnets [3llowsthe beam to cleathe linac
after the first acceleration. THmeam dispersion after the
first end magnet passage is compensated fahdgecond
end magnet. The position anly one magnet need be
adjusted to achieve stable phase oscillations. REARM end
magnets, smallethan conventional electromagnets with
coils, require no power supply or cooling.

YL

Fig. 1. RTM schematic: M1 & M2 REPMnd magnets,
correcting Coils, Accelerating Structure, Electron Gun,
Buncher, Quadrupole singlets, MC1-3 chicane magnets,



solenoid Lens, Vertical Lenses, and ME1 and ME2 experience with rectangular classical microtron cavities [6]

extraction magnets. and with collider accelerating structures lacking axial
II. END MAGNET AND ACCELERATING symmetry [7], we use astanding wave on-axis coupled
STRUCTURE FOCUSING rectangular accelerating structure with circular bdwies

[2]. Our calculations [8hnd experiments [2] showthat in

After first accelerationand end magnetassage, an the orbit plane our linac with half-width ~0.2¥ and
orbit's displacement from the linac axis, depends on th\éertical-to-horizontal dimension ratio of 2:1 has a shunt
orbital circumference increase peurn, v, the injection mpedance 10-20%igher (~90 MY/m for A = 0.1224 m)
energy, thesnergygain per turn, and the end magfriige than our previous optimized axially symmetric structure.
field C(;nfiguration. Injecting :,ﬂ several tens of keV and FOr relativistic particles the radielectricand azimuthal
makingv = 1 by changing theeverse field amplitude and magnetic fieldforces nearly cancel in axially symmetric

position at the end magnet entranttes displacement can structures. In an axially asymmetric structure there is a

be adjusted from zero (i.e., retro-reflection on-the-linac axisigrc;ir::%"yecv?‘ri?g dg‘igﬁgi(:\zmhoﬁ::rigflr;/oifscstéerioicnusli?gg 3

to a value exceeding the orbit diameter in a frifigklless . :
ideal end magnet. To realize the maximum orbit diametf/nere the linac (onp = 0.67 cellandsix 8 = 1.0 cells) has
without strong fringe field defocusinghe reverse field @n on-axis voltage ratio of M, = 0.96. Theoretical
maximum must be in aslose proximity as possible to the calculathns [6] support our computer smulated _results [5,8].
main magnetjoke (i.e., a short-tail fringe fieldsimilar to RTM ppt|cs compensate the firstfew O.I‘bItS forthls s'Frong
that ofref. 4). For magnets witmain andreverse coilthis ~ focusing/defocusing whosgirength varies directly with the
distance usually exceedtie reverse polegap so that accelerating structure vertical-to-horizontal dimension ratio.

magnetic flux will not penetrate the main yoke. Qur linacfocusing will be further improved by using non-
circular beam holes.

The end magnet fringe fielgil is shorter in o uREPM
end magnet [3] than in our original electromagnet with coils,

.
as seen in Fig. 2. ThREPM end magnet fringe field is Fh
focusing inthe first orbit which is ~0.3& from the linac L RN hase 118 deg)
axis. The fringe fieldwhose focusing energy dependence _F v
[5] is shown in Fig. 3, is slightly defocusing fdvigher Er /\““*—n‘———h!
energies with a ~60 m focal length on the last orbit. w O -
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[Il. RTM OPTICS ANDBEAM CAPTURE

Fig. 2. End magnet fringe fields. To compensate fothe horizontal linadefocusing we

o ) ) ) install a REPM quadrupole singlet, Q1, #te linac exit.

Our original axially symmetrical accelerating structureThe 55keV beam injected intthe linac is nofocusedwith

with optimizedeffectiveshuntimpedanceand operating in a e energy dependence of Fig. 3 (143.1 ni', 1/F, = 0.97

Eps-like modehas a ~0.37% radius. Thuseven neglecting m? for synchronous particles) so we add a secd@&fPM

wall thickness, the first orbit beam wouidt theaccelerating quadrupole singlet, Q2, at the end magnet M2 exit. For

structure. This radius can be decreased by capacitive loadiggong vertical focusing we use REPM wiggler-like lenses [9]

the accelerating cells with long driftbes, buthe effective  at the beginning of each orbieturn path. These lenses

shunt impedance for. adequate structure radius will at least ensist of three equal-length parallel-edged dipole magnets

halved from the quality factor decrease. with the center dipole fieldloubled and reversed. The
We break the axial symmetry of the accelerating structurgertical focallength is § = —d/4 tanf)?, wherea is side

to reduce its dimensions in the orbit plane. Guided by ouhagnet bending angland d is its lengtihosen to be 5 cm.



The horizontafocal length is nearly infinite. The optimal
bending angle range is°Z° and the maximum central
The optimal

magnet field at the last orbit is ~0.87 T.
quadrupole field gradierfor both lenses is ~1.76m for
effective length 5 cm.

Figure 4 showsthat vertical and horizontaparticle

V. CONCLUSIONS

Our re-designedmobile 70 MeV pulsed race-track

trajectories, displaced from the linac axis on entrancemicrotron hastwo essential new features -- a rectangular

oscillate with decreasing amplitude. In the vertical there argnac and rare-earth permanent magnets throughuiich
nonlinear effects (different vertical oscillation periods for improve its performance and efficiency.

differentinitial displacements) owing to end magnet fringe

field.
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Fig. 4. Verticaland horizontal particl&rajectories with
displacement from the linac-axis at entrance.

To increase RTM captureefficiency and decrease
parasitic beantosses wenstall a buncher resonatbetween
the electrorgun and the linac with buncher-lindistance of

15 cm and théuncher electric field amplitude of ~2.2% of
For a continuos zero

that of thefirst accelerating cell.
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MC2 and MC3 compensate for the effect of the alpha magnet

on higherorbit beams. To match the electrgan beam to
the RTM acceptance wiastall a solenoid lens after the
buncher.



