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Abstract I ntroduction

A novel computer code is being developed to generate The Accelerator System Model (ASM) is a computer
system level designs of radiofrequency ion accelerators. The program developed primarily to model proton and deuteron
goal of the Accelerator System Model (ASM) code is to create radiofrequency accelerators and to assist accelerator designers in
a modeling and analysis tool that is easy to use, automates carrying out system level trade studies. There are several
many of the initial design calculations, supports trade studies programs that have been developed to model linear accelerator
used in assessing alternate designs and yet is flexible enough systems and ASM shares similarities with some of these other

to incorporate new technology concepts as they emerge, codes. Th_, LIDOS code system [1] represents one of the most
t-I_ engineering parameters and beam dynamics are developed and integrated packages for ion linac beam dynamics
modeled at comparable levels of fidelity. Existing scaling design. LIDOS provides for different levels of accelerator
models of accelerator subsystems were used to produce a modeling and utilizes an expert help system to assist scientists
prototype of ASM (version 1.0) working within the Shell for in developing designs. The LINACS program [2] also
Particle Accelerator Related Codes (SPARC) graphical user provides for different levels of modeling and incorporates
interface. A small user group has been testing and evaluating engineering models. The ASM program described here focuses
the prototype for about a year. Several enhancements and on one level of modeling, but includes both beam dynamics

improvements are now being developed. The current version and engineering. In addition, ASM uses an advanced graphical
(1.1) of ASM is briefly described and an example of the user interface, with some expert system type features
modeling end analysis capabilities is illustrated, incorporated, that makes the program easy to use [3].
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Fig. I. Example of the ASM program's user interface.
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Overview of ASM progranl are closely coupled together. This coupling requires
users to adhere to guidelines when developing their own

The ASM computer program consists of two basic parts: individual modules. However, the guidelines are flexible and

(1) a set of accelerator physics and engineering models and (2) allow for relatively _)phisticated models of accelerator
a graphical user interface. The physics and engineering models components to be incorporated into the application [5].
are written in FORTRAN. The interface is provide by the

Shell for Particle Accelerator Related Codes (SPARC) which is Trade Study Example
writtenin C [31. Bothparts of the program are modular. The
modules on the FORTRAN side of ASM correspond to ASM was developed to support system level analyses, and

accelerator "subsystems." Subsystems include ion sources, trade studies are an i_t part of such analyses.
LEBTs, RFQs, DTLs, funnels, etc. The S PARC interface Parametric trade studies are accomplished with ASM by using

in_tes object-oriented structures that correspond to the the Parameter Variation tool, which may be selected from the
same subsystems. Figure 1 illustrates the ASM interface. Analysis Tools menu shown in Figure 1. Figure 2 illustrates

the two windows u.,_xl to set up parametric trade studies using
The beam physics parameters and engineering parameters this tool.

in ASM are represented by two vectors for each linac

component. These vectors are referred to as the Beam Vector llll/lll Variable ParameterSelection

(BV) and Engineering Vector (EV). A given module in ASM __, _.,_,_ __.

generates a BV and EV as the primary output. The BV ___ _TL H C_
represents the state of the beam at each point in the accelerator [ _' t_ ]"l t,s H _02

and the vector's elements are physical properties of the beam at "_
that point. ASM use an eight-dimensional BV: _. _-_;_;_i,__:i_,_, "!_,,i _i', _ _ _;_ _!_ _,n,_I

Parameter Val_ II_tts Va_'_t_ tm¢,l_:__ 0 6_lmls
_ tn_ 8000000 l_V 200000 80OOCO0

BV =[E, I, <x2>, I_,.rms2,<Ap2>, e:t,,.,_2, 0h, 0tt]. (1) Oe.,,R,*_ 0o0,0., 00o,o 0os_ ,.-,**---
0 Kilp,_r_kF,_t,_L_ _._oo o.oooo 2o0oo I_O j

Here, E is the beam energy, I the current, <x2> the mean- OC) Tr_.vHArz*l_atOrT_Or'lsdt_tFoot_¢ 0._(1007"00013 Iqa_/m [_['e-_---'_0._ 0._ O.700011ttl_rval

square extent of the beam (envelope), e:_.r,_ and e:t.,,,,., the ;O_,-_,.-_,p,_,_,,,_ os_ e.,_-- o.s:_ ,.s'_
normalized (rms) transverse and longitudinal emittances, Ap _ h._,,._,_ _n,,_ , z _
the momentum dispersion and a_ and at are the transverse 0 tff_ct_O--(nha*_mm_*10000 1_000 6.0000

(magnitude) and longitudinal Twiss parameters. _ _._oo ._..,= _.oo_ _00o_o_
,. Dependent Parameter Selection "!'" ,Ill

The EV is used to describe the requirements of the _m_ ,..._ _6

accelerator component that produces the beam defined by __._
Equation (1). The EV also has eight dimensions: ,_0___L__l__ °'_ , .._ _ ] I_,,.-o_,'1

EV = [L, V, M, P, x, y, Coal, Cost]. (2) ¢_:_I___'_u_$__ _,¢
Ikqll_e4ilmt Parameter l'INlel I_-_lt_et

The EV elements shown in Equation (2) are: L device
[] least ] System Output

length, V devicevolume, M device mass, P devicepower [] [lement#6, tEL
requirement, x the maximum horizontal and y vertical _ IPower' ! [lement#6, CCt _R0nTooI___

dimensions of the component, as tneamu'e_lfrom the beam [] IS_'_'_'_*'°'_'' I
axis, Conf a confidence factor for the device as modeled, and ,,,

Cost a cost estimate for the device. Fig. 2. Setting up an ASM parametric trade study. The

Calculations in ASM proceed by advancing the BV from upper window is used to select the parameter to be varied
one subsystem module to the next, generating a BV and EV at and the lower window is used to select the output parameters
each step. A given ASM beamline module maps the input BV to be plotted as a function of the variable parameter.

to an output BV, and creates an EV that defines the The upper window in Figure 2 is used to select the
requirements of that subsystem module necessary to parameter to be varied and contains three window "panes." The

accomplish this propagation of the beam. top pane shows a duplicate image of the accelerator model

ASM represents a new approach to the modeling of linac under study (Figure 1) and the user selects ("clicks on") the

systems [4]. A baseline set of modules has been developed and component that contains the desired parameter. The bottom
a large number of user definable modules are also available, left pane displays a data table for all the input parameters of
The physics/engineering models and interface parts of the the selected component, in this example the CCL. The

variable parameter is selected ("pushing the button") and then
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the range to be covered in the variation may be set. In this 3 display the expected cost mininmm as a function of the CCL

example the Acceleration Gradient of the CCL will be varied accelerating gradient. This type of analysis can be tt,,;ed to
between I and 7 MeV/meter. The lower right pane is u._xl to generate an optimized _ of linac parameters.
set the number of iterations (10 in the example) and then

accept the settings. Su m m a r y

ASM is a new tool for modeling radiofrequency linear
Once the setup for the variable parameter is accepted, the

accelerator systems. Both beam dynamics and engineeringwindow shown in the lower part of Figure 2 comes up and is
parameters are incorlxmtted. An advanced graphical Itser

used to selected the ASM model outputs to be graphed _ a
function of the variable parameter. This is also a multi-pane interface makes ASM easy to use and provides interactive tools
window and the tm3cedme for choosing the dependent for supporting trade studies and other analyses important in

parameters is similar to that used for the variable parmrteter, system design. The approach itsed is sufficiently flexible that
Up to four dependent parameters may be selected for each plot relatively sophisticated models of linac technology can be
and an imlimited number of plot windows may be open at incorporated. On-going work should bring ASM up to the

once. In this example, the total system cost, together with the standards needed by accelerator scientists to be the basis of a
length and power requirement for the CCL, have been selected comprehensive design tool for a variety of applications.
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