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Abstract effect properly. Wedeveloped axew, three-dimensional
simulation codeETRA3D for the PNC injector which is

We developed aew, three-dimensionasimulation code designed to account for the space-charge force accurately.
ETRA3D to calculate beam dynamics in the injector of
PNC s high-power, high-duty electron linac. In 2. SIMULATION CODE ETRA3D
ETRASD, beamdynamicsare calculatgd byHamiltonian In ETRA3D, the positionsndmomentums obach
equationsandthe space-charge force is calculated by the : )

. .. 2. " @lectron are calculated at eadime step according to
potentialsproduced byother electrons. The Hamiltonian Hamiltonian equations.[5]
is calculated atachtime stepandthe length of the time N q ’

[ N
step is varied by a change in the Hamiltonian to reduce the= Z \(p, —eA)’c? +(mecz)2 + ez L @
error of transition and the calculation time. ' 2
The precision of ETRA3D was checked by comparing (px‘ —eA, )02 5
it with the envelop equation. Thagreement between Xi = 2 2 @
them was good. Welemonstratedhe capabilities of \/(pi —eA) ¢ +(mc,2)
ETRA3D by an example in which the electron beam is A 0A,
not launchedalong the axis of the series of tselenoid ac Z (pi B eA)W 0
coils. Underthis condition, two-dimensionalodes can P, =—— . '2 —ea—'- (3)
not calculate the beam dynamics. \/(pi —eA) +( m(g) Xi
Actually, the positionand momentums okach electron
1 INTRODUCTION are calculatedrom eq.(2) and (3) by the Runge-kutta

The Power Reactoand Nuclear Fuel Development Method. .
Corporation (PNC) is developing a high-power, high- When calculating thepace charge force, ETRA3D
duty electron linac for various applications including th&loesnot use mesh which issed inPARMELA.  When
transmutation of fission products, a Free Electrager, the beam dynamicare calculated byPARMELA, — a
and as a positron source [1,4]. The injector for tiniac suitable mesh size and number of the mesh internalst
consists of an electron gun, two magnetic lenses, an R§ choserbecausehe resultsare depend onthem.  In
chopper, chopper slits, a pre-bunched abuncher. Its ETRA3D , thespace-charge force is calculated by the

main specifications are listed below; potentialsproduced byother electrons, so that tispace
charge effects are accurately included HETRA3D.

Electron Gun High Voltage 200 kV(DC), However, if there is an increase ithe number of
Beam Current 300 mA, electrons, a longer calculation timeriseded. Taeduce
Pulse Length 4 m sec, calculation time, ETRAS3D restricts thrange where the
Pulse Repetition 50 Hz, particles produce the potentials.
Duty Factor 20 %, In ETRA3D, beandynamicsare calculated agéach
RF Frequency 1249.135 MHz. time stepaccording tothe Hamiltonian equations; the

Table 1. Main specifications of the injector transition matrixes are not used. If the time stefarige,

calculation time will bereduced, but thenerrorswill be

There is2.3 m concrete radiation shield between thdntroduced. It is difficult to find asuitable length of the
electron gun room and the acceleratoom. Theelectron {ime step because it strongly depends on several
beam must pass through this region without significai§onditions, namely, the beam current, electron energy,
growth in emittance, afar aspossible. In thelow- beamradiusandthe number of the electronsedfor the
energy-region, apace-charge force ithe predominant calculations. In ETRA3D, the length of the time step is
factor causing growth in emittance.  Teeduce such varied automatically toeduce achange inHamiltonian if
growth, there is a series of solenoid coilspveredfrom the external fields do not depend on the time. When they
the exit of theelectrongun to the firstaccelerator guide, d0 not depend onthe time, the Hamiltonian must be
except betweethe RF chopperand chopperslits. The conserved. The main purpose of ETRA3D iscatculate
shapeandstrength of the magnetfeld produced by the the beam dynamics in the injector of PNQigh-power,
solenoid coils isarranged byestimating thespace-charge high-duty electron linac, especially the electgum to
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RF chopper. These parts do notlude the RF fields;
therefor, we can use this method.cdinreducethe errors ~ R[m] ‘ - o ‘ ‘ ‘
arising from the time step and save calculation time. 0005 -

i

3 EXAMPLES AND DISCUSSIONS

3.1 Envelop equation. 0004

The usual way taheckthe precision of aumerical
procedure is taevaluate a variant for which solution is
known. We chose thease of beam dynamics ifiee 0.003
space. The envelop ofraundbeamunderthe influence
of the space charge can be calculatednerically by the
envelop equation[6].
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Figure 2 The result of ETRA3D

where R isthe beam radius,and K, €, and& are the 3.2 beam dynamics in the series of the solenoid coils.

focusing strengths,  emittance, and space-charge  To demonstratehe capabilities of oucode, we
parameter, respectively. Tlpace charge parametér, choose thecase in which the electron beam is not

2 2
d ?*KR‘%: :
ds R* 2R

is given by: launchedalong the axis of the solenoid coitecause of
, alignmenterrors betweerihe electrongun and solenoid
£= 4Q fo7\, (5) coils. We assumedthat the cylindrically symmetric
B%y? electron beams from the electron gun are at an angle to the
axis of the solenoid coils.

where the beam particles have a charge\Qe,a uniform X-Y at Z=0 [m]

longitudinal particle-density, angdis a classicatadius of L I B B

the electrons. We calculated the beam envelops using t

envelop equationand ETRA3D under the following |

conditions: 00051 - . 7]
Beam current| 0.3A DC, I _
Electron energy E 200 keV, | j
Beam radius ,r 0.002 m, E o000 —
Emittancee Ot mm mrad. > L .

Table 2. The conditions for calculating the beam envelop L .

The results from the envelamuationand ETRA3D L . .

are shown in figs.1 and 2, respectively: the —0.005 |— .

correspondence between them is close. r ]

e | | ‘ R R B
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Figure 3. The beam distribution.

0.004 The beam current &nd the electron energy &e same as

in the example of the envelop calculations. Team

I ] distribution at z=0 is shown in fig.3. The distributions of

0.003 the beamsare cylindrically symmetriesand their centers

I ] coincides with the axis of the solenoid coils at z=0. But

they areset at an angle to the axis of solenoid coils by
adding 3 mm mrad tall 6, and 6,. Figs.4 and 5,

‘ | | Ll | respectively, shown the magnefield produced by the

0.0 0.2 0.3 0.4 . . X :
o 2 [m] solenoid coils and the beam trajectories.
m

0.002

Figure 1 The result of envelop equation
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B,[Gausg The beam distribution at z = 2.5 m is shown in fig.6. It
0 T ] is clearfrom fig.6 that thecenters ofthe beams do not

coincidewith the center ofthe solenoid coils, and the

distributions of the beams has lost thaiylindrical

o0 NAAA DA AN A A symmetry. I_f the cgnters of thg beams dq qot cpi.ncide but
N AV AV AV VAV / VAV 1 the distributions still keep their shape, it is wifficult

. to launch the beam along the beam transport system. But

b if the shape of the distributions change, tleapnot be

100 _ restored tothe original shape. This simplexample
b (- demonstrates that two-dimensional codes raincalculate

. L beam dynamics when the electron beannads launched

along the axis of aperfectly aligned beam transport

%
£ | system.
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Figure 6. The beam distribution
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