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Abstract Glish is a system with three components: a scripting

. . . L . . language specifying what programs to run and how to
This paper describes the interactive simulation engshe, interconnect them, libraries that can be linked with pro-

designed for the RHIC[1] project. The program tracks s ms to allow them to communicate by sending and re-

output to shared memory the central orbit, Twiss and gidran X .
: . .~~~ ceiving events, and an interpreter process for executing
persion functions, as well as thiex 6 beam hyperellipsoid.

. . " Glish scripts and providing interprocess communication
Transfer matrices between elements are available via inter- ™ .
) . : via Glish events.
active requests. Using a 6-d model, optical elements are
modeled with a linear transfer matrix and a vector. The
vector allows simulation of misalignments, shifts in field
strengths, and beam rigidity. Currently only a linear model
is used for elements. In addition to the usual magnets, a
foil element is included which can shift the beam'’s rigidity 1

(resulting from a change of charge and energy loss), as well

as incrgase thg momentum ;pread and emittance. Running \;VI design trajecory
as a Glish[2] clientbl can be interfaced to other programs,

such as an orbit plotter and a power supply application to

give a quick prediction of the beam orbit from actual op-

erating currents in the accelerator. Various strengths and

offsets may be changed by sending Glish events.to Figure 1: Schematic of an offset element.

1 INTRODUCTION
2 TRACKING METHOD

My intention in writing this program was to provide a pro- ) , : ,

gram that would quickly track a beam through a section ofhe prggranbl is fully '6-d|men5|onal with the transpose
beam line. Of particular interest are modeling of injectiorP! @ trajectory vector given by

and first turn in RHIC. The requirements were that: XT=(z o y o 2z 0), (1)

1. It should track the central trajectory, beam envelopdvhered = Ap/p is the fractional momentum deviation
initial beam conditions. trajectory through thé" element by the equation:

2. It should read the standard RHIC lattice definition X(si) = MiX(si-1) + Vi, )
files, with additional information on how to combine whereM; is the usual linear matrix for the element,is
these files using a database. tbe path length at the downstream end of the elgment, and

V; is a constant vector for that element. The vedfomay

3. It should be interactive, so that it could be used ae used to specify misalignment of the element. For an
a simulator. Initial conditions and various elementsffset misalignment given bWi (see Fig. 1), the corre-
should be able to be tweaked with a quick turn-asponding vector is
round from retracking the beam. It should be able to -

return requested transfer matrices between elements. Vi = (I - M)W (3)
. . The6 x 6 beam hyperellipsoil is tracked by the equation
4. It should be able to be interfaced into the control sys- .
tem. Y= Mq;Ei_lM,Lv . (4)

) o The Twiss functionsp,, ag, vz, By, oy, 7y, dispersion

5. tléssf;]C;l;gidpr;C;%Jgreybmary output, both to disk files an‘i‘unctions:nx, ", My, 1, 1, and phase e_ldvancelsi, by

. may also be tracked through the beam line.
In order to keep calculations to a minimum, three sepa-
te Glish events are used to invoke independent tracking
of trajectory, hyperellipsoid, and optics functions, since the
user may not want all the possible information. If only a
steering magnet is changed, the user may care to retrack
*Work performed under the auspices of the US DOE. just the trajectory.

The program does not print out results or plot them; sep-
arate programs have been written for these purposes.
X-windows plotting programplot_bl, plots the data from
shared memory and can be tiedaiahrough Glish.
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3 TYPES OF ELEMENTS Injection line [ poQ Q2

. . . i : kick
At present, the kinds of optical elements whibh un- Circulmngbmve"'w

derstands are drift, rotation about beam axis (SROT), ! L1
guadrupole, dipole corrector, sector dipole with gradient P A \/

and edge focusing, foil, and tcelement (a general purpose

fixed element described below). The transfer matrices for

drift, quadrupole, SROT, and sector dipole elements are gsigure 2: A zero-length tcelement is placed at location P to
sentially the same as used in the MAD program[3]. EveRrovide a shift of coordinate system from the injection line
though the gradient dipoles in our transfer line are recto the circulating beam in each RHIC ring. The heavy lines
angular dipoles, we have approximated them by sectdidicate the design trajectories usediby

dipoles with gradients and half-angle wedges. Since the

bend angles are relatively sma#t (3° per magnet) the er-

rors for a single-pass beam are negligible. The constafif@drupole, ...). This kind of “trajectorially challenged”
vector of a magnet element is a tunable quantity througﬁemem (tcelement) may have a transfer matrix obtained
Glish events. y differentiating trajectories that have been integrated

Additional tunable parameters for quadrupoles are tHErough a mapped fringe field. Another simple tcelement
strength and tilt about the beam axis. Is needed to shift coordinates from an injection beam line
The horizontal corrector dipole has the same matrix eRNtO the circulating beam of a storage ring such as RHIC

ement as a normal rectangular dipole, but with the vectdFe® Fig- 2). This coordinate shift is a zero-length element
component whose matrix is the identity element, and the shift of co-

ordinates is specified by the vectgt This capability of
VT = (16/2 6 0 0 0 0), (5) specifying coordinate shifts makes it easy to model injec-
tion including the steering effects through ring quadrupoles
wherel and§ are the respective length and bend angle afQ1 and Q2) upstream of the kicker magnet.
the corrector. Vertical correctors are handled in a similar As an example, Fig. 3 shows a section of beam line from
way. The bend angle of a corrector is a tunable parametethe last part of the AtR[4] (AGS-to-RHIC transfer line) fol-
Since the bend angle through a dipole is given by lowed by a few cells of RHIC.

q
0= {)/Bdl’ (6) 4 SPECIFICATION OF A MODEL

an increase in magnetic fieldB/ B is equivalent to an op- Probably the hardest part of any tracking code is reading
posite shift in momenturé ~ —AB/B. We can sim- the lattice specification which is frequently in some rather

ulate the correct steering effect by using Eq. (3) for th@rcane format. The standard RHIC lattices are defined in
dipole a shift with several SYBASE databases[5]. A program was written

which could output data into different formats required by
W — 0 — 6y 7 several tracking codes. | have opted to use the format which
5= 0y writes the data into files with an SDS[6] binary format con-
] ] » taining C-structures.
whered is the designed bend angle. The additional tunable There are four such files: “Blue” for the clockwise
parar\]m?tglrslfor a dlp'ole Ia@eanci}theﬁgradl?nt f}repglth' f (CW) ring, “Yellow” for the counterclockwise (CCW) ring,
The foil element simulates the effect of a thin foll orflag.grphgfer for the transfer lines to the Cw ring, and

ohn the beam by.agpwing Onﬁ. tq set the/p component (_)f “YTransfer” for the transfer lines to the CCW ring. Both of
the V; vector to indicate a shift in momentum frad / dx the “Blue” and “Yellow” descriptions are given in a clock-

energylos;s. IF IS "’.‘ISO possible to use t_hls_feature to S'mUI%se order starting at the southernmost interaction region.
a change in rigidity € p/q) due to stripping of electrons o yoaq0n the “Yellow” file is backwards is that most
from pgrtlally strlppgd lons. The change in rigidity in thIStracking codes use right-handed coordinate systems. In or-
case gives an effective shift der to model injection into the CCW ring through the first
Ap g turn, we want to concatenate information from two files and
Y = E -1, (8) put a tcelement in between to shift coordinate systems. One
important thing to note is that the injection point, specified
whereg; andg; are the respective charge states upstreaas the marker YEND is in the middle of the “Yellow” file.
and downstream of the foil. Since foils can also increaskcidentally this “tcelement” with a constant vector does
the emittance of the beam, increases in angular divergenecet fit into the standard RHIC SDS format.
AXyy = AY,,,, and momentum spreadyXss, are al- Another databasiel_modelsis used to specify tbl how
lowed. to concatenate all this information. Four rows in a database
Sometimes it is necessary to model an element whidlable bl_lattices keyed by themodelname “yinj” specify
does not fit into the standard set of elements (drift, dipoleéhe file concatenation:
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0.050 nsigmas 2.450 model. Thebl_tweaksandbl_monitorstables are keyed by
both a model name and a scheme name.

5 FUTURE PLANS

Althoughbl has been used by a few control-room applica-
tion codes, the direct input of magnet values from the mag-
net manager remains to be completed. In order to speed up
communication, we plan to add our standard control sys-
tem interface, so thatl may communicate directly with
the control system. This new interface should simplify the
connection to the magnet manager.

A simple rf element will be added to allow orbit calcu-
lation as the frequency is shifted. The vectorcan al-
low for relative phase-shifts between cavities. Events will
be added to calculate closed orbits and periodic solutions.
Tunes, momentum compaction, etc. will be calculated.

We plan to develop a model of actual misalignments of
the transfer lines and rings, so that they may be used to
initialize bl and improve our online simulation capability.

x(m) 0

-0.050

0.050

6 REFERENCES

-0.050 =75 sm 650.00 [1] Steve Peggs, “RHIC Status”, these proceedings.
[2] V. Paxson,The Glish 2.5 User ManuglL994).

. . 0 [3] H. Grote and F. C. Iselin, “The MAD Program (Me-
Figure 3: Beam envelope for 95% beam calculatedby thodical Accelerator Design) Version 8.1 User’s Manual”,

The top (horizontal) plot shows the effect of_ mistuning CERN/SL/90-13(AP).
the 90° magnet buss by-0.4% The bottom (vertical) plot
shows a discontinuity due to a shift of reference coordinatéd
just downstream of the Lambertson septum magnet. Notice
the steering in the two following quadrupoles. The midd|dS] C. Trahern, “LAMBDA Manual”, RHIC/AP/12 (1983).

key indicates locations of magnets with increasing heigh{s] E. Lutz and C. Saltmarsh, “ISTK Overview and the SDS Doc-

ordered as corrector, dipole, quadrupole, and sextupole. ument”, RHIC/AP/29 (Obtainable from
www.rhichome.bnl.gov/AP/apotes).

N. Tsoupas et al., “Focusing and Matching Properties of the
AtR Transfer Line”, these proceedings.

1. Read in all of “YTransfer”.

2. Read in the tcelement INJSPLICE from another table
in bl_models

3. Read “Yellow” backwards from YEND to the begin-
ning of the file.

4. Read “Yellow” backwards from the end up to YEND.

Other ways of concatenating files and tcelements may be
specified in the tablbl_lattices

Since speed is importanh] concatenates elements to-
gether, unless they are specified as interesting in either of
two more tables:

1. bl_tweaksto specify that an element has tunable pa-
rameters, and

2. bl_monitorsto specify that the user is interested in re-
ceiving output at this location.

Elements which are listed in th#_tweakstable have both
ends automatically elevated to monitor status. Clearly var-
ious schemes of concatenation may be wanted for a given
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