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Abstract the formulas for thesquare wavere applied for each step

. . _sequentially.
The LANAcomputer code (Linear Accelerators Numerical The realistic fieldshave to be calculated using some

Analysis) has been developed in INR, Moscow during th‘31vailable electromagnetic codes lig@JPERFISHfor 2-
last several years and still is in further development. Thi§ \» A for 3-D [8] or other similar codes. The calcu-

pode IS deS|gnated for the design and simulation of Vaated field distributions inside the aperture of the acceler-
ious kinds of linear accelerators. Recently the code h%ﬁing channel can be imported LANA The data are in-
been extensively used for the design and study osépa- ..\ eq Jinearly on all three coordinates where needed

rated functiorheavy |0n_DTL forthe ISAC project atTRI- ring the simulation. A more detailed description of the
UMF. The paper describes the mathematical models usﬁﬁerpolation algorithm is given in [1, 9]

in theLANAcode includingspace chargeffects and three-
dimensionalealistic accelerating field representation. In
particular the procedure for drift tube geometry generatio
based on three-dimensional electromagnetic field distribyn the code the linac is considered as a number of indepen-
tions extracted fronMAFIA is described in detail. The dently fed cavities. This means that the accelerating field
LANAcode is also used to determine the influence of thgmplitude and phase can be different in sequential cavities.
asymmetryn the fields of the H-type structure on the beanThe linac to be simulated can be a combination of different
dynamics. available structure types such as DTL, IH, CCL, etc.
Each cavity can consist of several separate sections
1 INTRODUCTION (modules). Focusing and/or bending magnet systems (in
the horizontal plane) may be included in front of the first
The LANAcode has been developed at INR, Moscow durand after every section. The focusing system can include
ing the last several years [1] as a powerful tool for the dequadrupoles, solenoids and drifts. In addition to dipoles
sign and study of the beam dynamics in various linear a¢he bending magnet system can include a stripping foil.
celerators [2, 3, 4]. The stripping foil is simulated as a thin element with a pre-
The LANA code is especially useful for the simulationdefined equilibrium charge state as well as parameters to
of complicated beam dynamics problems in linacs [5]. Thaccount for transverse scattering and energy straggling.
completeness and flexibility of the graphics output and con-
venience of the operator’s intervention during simulatior2.2 Beam Representation
allows research into new linac concepts. Recently the CO?EF

A1 Linac Structure Representation

LANAcode uses a 3-dimensional multi-particle Monte

arlo model of the beam. All particles are traced sep-
arately, sequentially and independently, through the ele-
ments of the focusing and bending magnet systems, the
2 MATHEMATICAL MODELS drift spaces and the accelerating cells.

Th in simulati q d EANA h The interaction between the charged particles is esti-
e main simulation mode use assumes the SO e only at certain points along the accelerating cell,

calledsquare wavepproximation of the accelerating field magnetic element or drift and is used as a constant up to

in the gaps of the DTL. This mode allows quick calCu+q eyt noint of the estimation. The space charge effects

'a“o"?s. Wi.th an accuracy sufficient for establishing 90S8an be ignored in order to speed up the computations in the
specifications (ie. nglmber a_nd length of tanks, effectlvgase of low current beams. The 3-D space charge calcu-
voltage, phase, stability requirements etc.) Therefore thfﬁtion is valid for bunched beams only. The method [10]

regime is pre'ferable for simulations of such procedures %S based on analytic relations between charge density and
phase scanning [3]At - procedure [3, 4]variable energy electric field for the distribution with 3-D ellipsoidal sym-

scans [6, 7], e_tc. . ] ] ~ metryin real space.

However this code permits detailed calculations with a
realistic field distribution in the accelerating structure (a.
particular iterative procedure is described in section 2.4).
Actually the mathematical background in both cases iBipoles, quadrupoles, solenoids and drifts are simulated
identical, but in the case agalistic fieldsthe accelerat- using standard matrix formalism [11]. The simulation of
ing cell is split longitudinally into a number of steps andthe accelerating gap is done using formulas ofittetion

has been applied successfully in the design of the Separat
Function DTL for the ISAC project at TRIUMF [6].

.3 Formalism
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procedure[12]. This procedure has been redeveloped for 4. The electromagnetic field recalculation (WNAFIA
the 3-D particle dynamics and space charge consideration. or SUPERFISHcodes for instance) should be done in

The initial equation of the particle’s motion in the accel- order to provide self-consistent data for the reXNA
erating gap is: geometry correction procedure.

5. The main geometry correction stage is performed at
d 7 ° Bz C Bz this point. This stage involves special algorithms of
< (7 : x(t)) = o B(E(1)-cos(iotet) o Bul@(1) point. 9 p 9

dt mo the longitudinal DTL geometry correction with the
where: = 11_52 _ the Lorentz factorg — longitu- ']Eir;(élgg of the reference particle through tlealistic

dinal relative particle velocity; — speed of lighte — par-

ticle’s chargejn — particle’s rest massyy + wt — phase 6. For the final check of this procedure and in order to
of the accelerating field at the corresponding moment of have self consistent data an additional electromagnetic
time, E(Z(t)) — amplitude of the accelerating field at the field recalculation should be done.

corresponding space coordinat&s(Z(t)) — static electric

field equivalent of the space charge force (with the mag—7'
netic field impact included).

This equation is solved numerically ilANAfor both the , )
transverse and longitudinal motion. The equivalent space | NiS Procedure actually converges at stage 5, so the fi-
charge electric field could be presented in the approximg-a' two stages provide an extra verification of the overall
tion of the elliptically symmetric charge distribution in con-Procedure.
figuration space:

The last stage is to ruPANAonN this consistent set of
field data.

3 EXAMPLE OF BEAM DYNAMICS

E.. = Q:-¢ SIMULATION

E., = - T . .

EC‘T _ gm . The most recent studies of the beam dynamics usikigA
cy = y'Y

. ) were done in application to the Separated Function DTL
where:( = (o + 2z — 2z, = andy are the particle displace- for the ISAC project at TRIUMF [6, 9]. A typical ANA
ments in the corresponding space coordinates relative to tBF‘aphic screen from these studies is shown in Fig. 1. This
center of the rms ellipsoid,.(t) — current longitudinal co- gcreen provides the beam phase space portraits and also

ordinate of the center of the rms ellipsoid, is the initial  transverse and longitudinal envelopes in the intermediate
longitudinal displacement of the particle from the center ofg|| of the second IH tank of the DTL.

the rms ellipsoid, and). .. , — the functions of the parame-
ters of the rms ellipsoid (constant for the current step of the  imism i S
integration of the particle motion). = e it - i

All details about the the final formulas usediANAcan
be found in [9].

2.4 Procedure for DTL Design with Realistic 3-D Fields

In order to perform the DTL geometry correction and beam
dynamics simulation in the linac withraalistic fielddistri-

bution several sequential stages of the calculations should ——i—— ;
be made: T

x,u: L.Blcml

a.60n]

1. Conceptual design of the accelerator in Htpare
waveapproximation.

o . Figure 1: A typical PC screen of theANAsimulation ses-
2. General optimization of the physical tank geometryjgn.

in order to satisfy the requirements of the rf power The simulati h in Fi. 1 has b ; dwith
consumption distribution, the electric gradient distri- e simulation shown in Fig. 1 has been performed wit

bution in the structure, the peak surface field distribu[ea"_Stic fieldscalcglatgd fronMAFIA. An gxample Of. the
tion along the structure, etc. An example of such Jongitudinal electric field component;., in the vertical

study is described in detail in reference[8] AFIA plane of symmetry of the IH structure for the second cell
simulation procedures of tank 2 is given in Fig. 2. This picture is typical for all

other cells of the IH structure. A detailed study of the
3. The additionaLANAgeometry generation run shouldfirst IH tank field components and properties is done in
be performed using the correct values for the averageference[8].
accelerating gradients and the desigédratios in the One of the most interesting features of the beam dynam-
sequential cells. ics study of the IH structure is the vertical asymmetry of the
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during the simulation process, the possibility of interven-
tion during simulation and flexibility of several simulation
models.

At the present timd.ANAis successfully used for the
design of a high intensityd — linac.

The LANAcode is in continuous development and im-
provement in order to cover the widest possible range of
different studies applied to various kinds of linear acceler-
ators.
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The LANAcode is a user friendly tool for the design and
study of multi-cavity linacsLANAooffers the convenience
of the PC platform, a graphical representation of the beam
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